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The idea of The Fingerprint Sourcebook originated
during a meeting in April 2002. Individuals repre-
senting the fingerprint, academic, and scientific
communities met in Chicago, lllinois, for a day and
a half to discuss the state of fingerprint identifica-
tion with a view toward the challenges raised by
Daubert issues. The meeting was a joint project
between the International Association for Identi-
fication (IAl) and West Virginia University (WVU).
One recommendation that came out of that meet-
ing was a suggestion to create a sourcebook for
friction ridge examiners, that is, a single source

of researched information regarding the subject.
This sourcebook would provide educational, train-
ing, and research information for the international
scientific community.

The Scientific Working Group on Friction Ridge
Analysis, Study and Technology (SWGFAST)
prepared an outline of the subjects that should

be included in the sourcebook. Charles llisley, a
SWGFAST member, prepared a grant proposal for
submission to the National Institute of Justice (NIJ)
for funding of the project, with Frank Fitzpatrick as
the project director and Alan and Debbie McRob-
erts as the sourcebook editors. Although many
participants in the project were, and some remain,
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active members of SWGFAST, participation in the
project was not restricted to SWGFAST members.

NIJ provided grant funding to the WVU Forensic
Science Initiative to support the project and a call
for authors and reviewers was extended through-
out the forensic community. The prospective
authors were asked to prepare a detailed outline
and an introduction (approximately 250 to 750
words) for each chapter that they hoped to write.
They were also asked to provide a curriculum
vitae. Two or more individuals volunteered for most
chapters and some chapters had as many as seven
volunteers. Reviewers critiqued the introductions
and outlines for the various chapters, and Frank
Fitzpatrick and | made the final selection of chapter
authors. Multiple reviewers for each chapter par
ticipated and are listed at the end of each chapter.
The curricula vitae for all of the authors and most
reviewers are included in the appendix.

After the selection of authors was made and the
chapters were assigned to the various authors and
coauthors, the chapters were written and mul-
tiple rounds of author revisions and review were
completed. The chapters were then edited and re-
viewed again. The chapters were then submitted to
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NIJ, where additional review and editing occurred. During
the NIJ edit and review process, Chapter 15 (Special Abili-
ties and Vulnerabilities in Forensic Expertise) was added to
the project because of contemporary importance placed on
that research. Those NIJ employees—and contractors, in
particular Danielle Weiss and David Fialkoff—who partici-
pated in reviewing, editing, and finalizing this book should
be congratulated for their efforts in bringing this project to
completion.

For those of us who have worked in the field of fingerprint
identification during the last 50 years, the influence of
the Federal Bureau of Investigation’s (FBI's) leadership in

providing fingerprint training is well known. However, with
the creation of SWGFAST in 1995, the FBI showed great
leadership in providing a mechanism to promote consen-
sus standards within our diverse forensic community. A
brief sketch about the origin of SWGFAST and a list of the
past and current members of SWGFAST are included in the
appendix.

In the history of fingerprints, no previous effort of this
magnitude has been made to assemble as much reviewed
information into a single source. | would like to extend my
appreciation and the appreciation of future readers to all
those authors and reviewers who contributed so much
time and effort to make this book a reality.

Alan McRoberts,
Editor
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- [HAPIER |
‘"STORY 1.1 Introduction

The long story of that inescapable mark of identity has
JEFFERY G BARNES been told and retold for many years and in many ways. On
the palm side of each person’s hands and on the soles of
each person'’s feet are prominent skin features that single
him or her out from everyone else in the world. These fea-

tures are present in friction ridge skin which leaves behind
impressions of its shapes when it comes into contact with
an object. The impressions from the last finger joints are
known as fingerprints. Using fingerprints to identify indi-
viduals has become commonplace, and that identification
role is an invaluable tool worldwide.

What some people do not know is that the use of friction
ridge skin impressions as a means of identification has
been around for thousands of years and has been used in
several cultures. Friction ridge skin impressions were
used as proof of a person’s identity in China perhaps as
early as 300 B.C., in Japan as early as A.D. 702, and in
the United States since 1902.

1.2 Ancient History

Earthenware estimated to be 6000 years old was discov-
ered at an archaeological site in northwest China and found
to bear clearly discernible friction ridge impressions. These
prints are considered the oldest friction ridge skin im-
pressions found to date; however, it is unknown whether
they were deposited by accident or with specific intent,
such as to create decorative patterns or symbols (Xiang-Xin
and Chun-Ge, 1988, p 277). In this same Neolithic period,
friction ridges were being left in other ancient materials

by builders (Ashbaugh, 1999, pp 12-13). Just as someone
today might leave impressions in cement, early builders
left impressions in the clay used to make bricks (Berry and
Stoney, 2001, pp 8-9).
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Other ancient artifacts have been found that have ridge
patterns on them that were clearly carved rather than left
as accidental impressions. Examples of ancient artifacts
displaying what might be considered friction ridge designs
include megalithic artworks in the tomb of Gavr'inis on an
island just off the west coast of France and in the tomb at
Newgrange on the coast of Ireland (Figure 1-1).

1.3 221 B.C. to A.D. 1637

The Chinese were the first culture known to have used
friction ridge impressions as a means of identification.
The earliest example comes from a Chinese document en-
titled “The Volume of Crime Scene Investigation—Burglary’,
from the Qin Dynasty (221 to 206 B.C.). The document con-
tains a description of how handprints were used as a type
of evidence (Xiang-Xin and Chun-Ge, 1988, p 283).

During the Qin through Eastern Han dynasties (221 B.C.

to 220 A.D.), the most prevalent example of individualiza-
tion using friction ridges was the clay seal. Documents
consisting of bamboo slips or pages were rolled with string
bindings, and the strings were sealed with clay (Xiang-Xin
and Chun-Ge, 1988, pp 277-278). On one side of the seal
would be impressed the name of the author, usually in the

FIGURE 1-1

http://www.ancient-wisdom.co.uk.)

One of the stones
of Newgrange
(Courtesy of

form of a stamp, and on the other side would be impressed
the fingerprint of the author. The seal was used to show
authorship and to prevent tampering prior to the document
reaching the intended reader. It is generally recognized

that it was both the fingerprint and the name that gave the
document authenticity.

The fingerprint impressed into the clay seal is a definite
example of intentional friction ridge skin reproduction as
a means of individualization. It is clear that the Chinese
understood the value of friction ridge skin prior to the
Christian era (Laufer, 1912, p 649).

After the invention of paper by the Chinese in A.D. 105, it
became common to sign documents using friction ridge
skin. It was standard practice in China to place an impres-
sion—either palmprints, phalangeal (lower finger joint)
marks, or fingerprints—on all contract-type documents
(Xiang-Xin and Chun-Ge, 1988, pp 282-284). In A.D. 650,
the Chinese historian Kia Kung-Yen described a previously
used means of identification, writing, “Wooden tablets
were inscribed with the terms of the contract and notches
were cut into the sides at the identical places so that the
tablets could later be matched, thus proving them genuine;
the significance of the notches was the same as that of the
fingerprints of the present time” (Ashbaugh, 1999, p 17).




This statement tends to confirm that fingerprints were used
for individualization in China.

The use of friction ridge skin impressions in China contin-
ued into the Tang Dynasty (A.D. 617-907), as seen on land
contracts, wills, and army rosters. It can be postulated that
with the Chinese using friction ridge skin for individualiza-
tion and trading with other nations in Asia, these other
nations might have adopted the practice. For example, in
Japan, a “Domestic Law"” enacted in A.D. 702 required the
following: “In case a husband cannot write, let him hire an-
other man to write the document and after the husband’s
name, sign with his own index finger” (Ashbaugh, 1999,

p 17-18; Lambourne, 1984, p 24). This shows at least the
possibility that the Japanese had some understanding of
the value of friction ridge skin for individualization.

Additionally, in India, there are references to the nobility
using friction ridge skin as signatures:

In A.D. 1637 the joint forces of Shah Jahan and Adil
Khan, under the command of Khan Zaman Bahadur,
invaded the camp of Shahuji Bhosle, the ruler of
Pona (in the present day Maharashtra). The joint army
defeated Shahuiji, who was compelled to accept the
terms of peace:

Since the garrison (of Shahuji) was now reduced to
great extremities ....[,] Shahuji wrote frequently to
Khan Bahadur in the most humble strain, promis-
ing to pay allegiance to the crown. He at the same
time solicited a written treaty ... stamped with the
impression of his hand. (Sodhi and Kaur, 2003a,

pp 126-136)

The above text is an example of the nobility’s use of palm-
prints in India to demonstrate authenticity of authorship
when writing an important document. It is believed that
the use of prints on important documents was adopted
from the Chinese, where it was used generally, but in
India it was mainly reserved for royalty (Sodhi and Kaur,
2003a, pp 129-131). The use of friction ridge skin as a
signature in China, Japan, India, and possibly other nations
prior to European discovery is thus well documented.

FIGURE 1-2

(1641-1712).
(Courtesy of
Smithsonian

FIGURE 1-3

Dr. Nehemiah Grew

Institution Libraries.)

Dr. Marcello
Malpighi (1628-
1694). (Reprinted
from Locy (1908).
Image captured
from Google
Books.)

1.4 17th and 18th Centuries

In the late 17th century, European scientists began publish-
ing their observations of human skin. Friction ridge skin
was first described in detail by Dr. Nehemiah Grew (Fig-
ure 1-2) in the 1684 paper Philosophical Transactions of the
Royal Society of London. Dr. Grew'’s description marked
the beginning in the Western Hemisphere of friction ridge
skin observations and characterizations (Ashbaugh, 1999,

p 38; Lambourne, 1984, p 25). In 1685, Govard Bidloo, a
Dutch anatomist, published Anatomy of the Human Body,
which included details of the skin and the papillary ridges
of the thumb but failed to address individualization or per
manence (Ashbaugh, 1999, p 39; Felsher, 1962, pp 6-12).
In 1687, the Italian physiologist Marcello Malpighi (Figure
1-3) published Concerning the External Tactile Organs, in
which the function, form, and structure of friction ridge
skin was discussed. Malpighi is credited with being the
first to use the newly invented microscope for medi-
cal studies. In his treatise, Malpighi noted that ridged skin
increases friction between an object and the skin’s surface;
friction ridge skin thus enhances traction for walking and
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grasping (New Scotland Yard, 1990; Ashbaugh, 1999, p 40).
In recognition of Malpighi's work, a layer of skin (stratum
Malpighi) was named after him.

Although friction ridge skin had been studied for a
number of years, it would be 1788 before the unique-
ness of this skin was recognized in Europe. J. C. A.
Mayer, a German doctor and anatomist, wrote a book en-
titled Anatomical Copperplates with Appropriate Explana-
tions, which contained detailed drawings of friction ridge
skin patterns. Mayer wrote, “Although the arrangement of
skin ridges is never duplicated in two persons, neverthe-
less the similarities are closer among some individuals.

In others the differences are marked, yet in spite of their
peculiarities of arrangement all have a certain likeness”
(Cummins and Midlo, 1943, pp 12-13). Mayer was the
first to write that friction ridge skin is unique.

1.5 19th Century

English wood engraver and ornithologist Thomas Bewick
(1753-1828) published many books with wood engravings
of birds and other animals. Three woodcuts (made in 1809,
1818, and 1826) included a fingermark, and the latter two

FIGURE 1-4

Bewick’s published finger-
marks. (Courtesy of the Natural
History Society of Northumbria,
Hancock Museum.)

FIGURE 1-5

Purkinje’s nine types of finger patterns.

(A: Transverse curves, B: Central
longitudinal stria, C: Oblique stria,

had the legend “Thomas Bewick, his mark” (Herschel,
1916, 32-33). The woodcuts (Figure 1-4) were very
detailed, but it is unknown whether Bewick understood
the value of friction ridge skin for individualization (Galton,
1892, p 26; Lambourne, 1984, p 26).

In his 1823 thesis titled “Commentary on the Physiological
Examination of the Organs of Vision and the Cutaneous
System’, Dr. Johannes E. Purkinje (1787-1869), profes-
sor at the University of Breslau in Germany, classified
fingerprint patterns into nine categories and gave each a
name (Figure 1-5) (Lambourne, 1984, p 26; Galton, 1892,
pp 85-88). Although Dr. Purkinje went no further than
naming the patterns, his contribution is significant be-
cause his nine pattern types were the precursor to the
Henry classification system (Herschel, 1916, pp 34-35;
Galton, 1892, pp 67, 119). (For more on Purkinje, see
Chapter 5. For more on the Henry system, see p 10.)

German anthropologist Hermann Welcker (1822-1898) of
the University of Halle led the way in the study of friction
ridge skin permanence. Welcker began by printing his
own right hand in 1856 and then again in 1897, thus
gaining credit as the first person to start a perma-
nence study. However, in the paper Welcker published in

Hosnae Oecvick

D: Oblique sinus, E: Almond, F: Spiral,
G: Ellipse or elliptical whorl, H: Circle
or circular whorl, and I: Double whorl).
(Reprinted with permission from
Cumming and Midlo (1943). Copyright
1943 Dover Publications Inc.)




1898, he sought no credit, but rather seemed only to offer
assistance to prior claims of permanence in reference to
friction ridge skin (Wilder and Wentworth, 1918,

pp 339-340). Welcker is not cited often. Generally, the
credit for being the first person to study the persis-
tence of friction ridge skin goes to Sir William James
Herschel.

Herschel (Figure 1-6) was born in England and moved in
1853, at age 20, to Bengal, India, to serve as a British
Administrator for the East India Company. In 1858, he
experimented with the idea of using a handprint as a
signature by having a man named Rajyadhar Konai put a
stamp of his right hand on the back of a contract for road
binding materials. The contract was received and accepted
as valid. This spontaneous printing of Konai’s hand thus
led to the first official use of friction ridge skin by a
European. The success of this experiment led Herschel to
begin a long exploration of friction ridge skin, and over the
next year he went on to collect multiple fingerprints from
family, friends, colleagues, and even himself. In 1860, he
was promoted to magistrate and given charge of Nuddea,
a rural subdivision in Bengal. While there, he recognized
more identification possibilities for the use of friction ridge
skin, especially in fighting and preventing fraud.

Upon his appointment as Magistrate and Collector at
Hooghly, near Calcutta, in 1877 Herschel was able to
institute the recording of friction ridge skin as a method of
individualization on a widespread basis. Herschel was in
charge of the criminal courts, the prisons, the registration
of deeds, and the payment of government pensions, all

of which he controlled with fingerprint identification. On
August 15, 1877 Herschel wrote what is referred to as the
“Hooghly Letter” to Bengal’s Inspector of Jails and the
Registrar General, describing his ideas and suggesting that
the fingerprint system be expanded to other geographical
areas. While proposing even further uses of this means of
individualization, the Hooghly Letter also explained both the
permanence and unigueness of friction ridge skin (Herschel,
1916, pp 22-23).

Herschel continued his study of the permanence of friction
ridge skin throughout his lifetime. He published prints of
himself taken in 1859, 1877 and 1916 to demonstrate this
permanence (Herschel, 1916, pp 22-31).

In 1877 Thomas Taylor (1820-1910), a microscopist for the
U.S. Department of Agriculture, gave a lecture concerning
prints and their possible applications concerning crime. Taylor
proposed the idea of using bloody prints found at crime
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FIGURE 1-6

FIGURE 1-7

scenes as a means to identify suspects. The lecture was
published in the July 1877 issue of The American Journal of
Microscopy and Popular Science (Ashbaugh, 1999, p 26).

Henry Faulds (Figure 1-7) became interested in friction
ridge skin after seeing ridge detail on pottery found on a
Japanese beach (Faulds, 1880). He was born at Beith, in
Ayrshire, in 1843, and entered Anderson’s College in
Glasgow, graduating as a Licentiate of the Royal Faculty of
Physicians and Surgeons in 1871. Faulds, as a medical
missionary, opened a hospital in Tsukiji, Japan, working
there from 1873 until 1885 (Lambourne, 1984, p 33). Dur
ing that time, Faulds conducted independent research by
collecting prints of both monkeys and people. In a letter
dated February 16, 1880, to the famed naturalist Charles
Darwin, Faulds wrote that friction ridges were unique and
classifiable, and alluded to their permanence (Lambourne,
1984, pp 34-35). In October 1880, Faulds submitted an
article for publication to the journal Nature in order to inform
other researchers of his findings (Faulds, 1880, p 605). In
that article, Faulds proposed using friction ridge individual-
ization at crime scenes and gave two practical examples.

1-1
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In one example, a greasy print on a drinking glass revealed
who had been drinking some distilled spirits. In the other,
sooty fingermarks on a white wall exonerated an accused
individual (Faulds, 1880, p 605). Faulds was the first
person to publish in a journal the value of friction ridge
skin for individualization, especially its use as evidence.
(For more on Faulds, see Chapter 5.)

While Herschel and Faulds were studying friction ridge skin,
another scientist was devising an alternate identification
method. Alphonse Bertillon (Figure 1-8) was a clerk in the
Prefecture of Police in Paris, France. In 1879, Bertillon be-
gan studying the body measurements of various individuals
and devised anthropometry, which was first put to use in
1882. Anthropometry is the study of body measurements
for identification purposes. Bertillon's anthropometric
method measured height, reach (middle finger to middle
finger of outstretched arms), trunk, length of head, width
of head, length of right ear, width of right ear, length of left
foot, length of left middle finger, length of left little finger,
and length of left forearm. With the success of anthropom-
etry, Bertillon was made the Chief of the Department of
Judicial Identity in 1888 (Rhodes, 1956, p 103). (For more
on Bertillon, see Chapter 5.)

Anthropometry is a scientific and biometric way to individual-
ize and was used on criminals throughout most of the world
from its inception in 1882 until 1914. As friction ridge skin
identification became more prevalent after experimentation

FIGURE 1-8

Courtesy of West Virginia
University Libraries.)

Alphonse Bertillon
(1853-1913).
(Reprinted from
McClaughry (1922).

proved its usefulness, fingerprints were added to anthro-
pometric records. Thus, a complete anthropometric record
would include the 11 body measurements, 2 photographs
(front face and right side), and a set of all 10 fingerprints.
Even though not officially adopted as a sole means of
identification in France or elsewhere in Europe, the concept
of using friction ridge skin for individualization was gaining
momentum.

In the United States, geologist Gilbert Thompson guarded
his checks against forgery by signing across an impression
of his finger. Thompson did this while working on a project
in New Mexico in 1882 (Galton, 1892, p 27).

In 1883, another American, Samuel Langhorne Clemens
(1835-1910), better known as Mark Twain, wrote the story
of his life in the book Life on the Mississippi and included
a passage about the permanence and uniqueness of the
print of the ball of the thumb (Twain, 1883, pp 160-161). In
1884, Clemens wrote the novel The Tragedy of Pudd’nhead
Wilson. In it, he tells the story of a lawyer who spends his
time collecting prints from the local townsfolk and then
uses them to solve a murder. Not only does Clemens
explain the permanence and uniqueness of friction ridge
skin, the book also features several courtroom demonstra-
tions: the first shows how each person’s prints are different
on each finger, the second shows that even identical twins
have different prints from one another, the third shows
how the prints made from the fingers can be individual-
ized, and the last catches the murderer. The story is told
using critical knowledge of friction ridge skin (Twain, 1884,
pp 128-137). Although anthropometry was the current
method of identification in the early 1880s, Clemens’s
writings illustrate that the value of friction ridge skin to
uniquely identify an individual was becoming increasingly
well known.

A publication in 1883 by Dr. Arthur Kollmann of Hamburg,
Germany, The Tactile Apparatus of the Hand of the Hu-
man Races and Apes in Its Development and Structure,
added to the research being conducted on friction ridge
skin. Kollmann studied the embryological development
of friction ridge skin, proposing that ridges are formed by
lateral pressure between nascent ridges and that ridges
are discernible in the fourth month of fetal life and are fully
formed in the sixth (Galton, 1892, p 58). Kollman was
the first to identify the presence and locations of the
volar pads on the hands and feet (Hale, 1952, p 162;
Ashbaugh, 1999, p 41). (For an explanation of volar pads,
see chapter 3.) The studies of Kollmann were followed in



1888 with the publication in Germany of On the Morphol-
ogy of the Tactile Pads of Mammals by Hermann Klaatsch.
Klaatsch studied the walking surfaces of mammals other
than humans, which led to his theory that the orderly ar
rangement of sweat glands into rows was an evolutionary
change (Galton, 1892, p 60).

The scientific study of friction ridge skin was also taken

up by a prominent scientist of the time, Sir Francis Galton
(Figure 1-9). Galton was born February 16, 1822, in Spark-
brook, England, and was a cousin of Charles Darwin. Most
of Galton's research focused on hereditary matters, which
led him to the study of anthropometry and, later, finger
prints. Galton was looking to understand the hereditary
nature of the physical body and what, if anything, it could
tell about an individual (Caplan and Torpey, 2001, p 274).
Visitors to his anthropometric laboratory were voluntarily
measured seventeen different ways. These measurements
were recorded on a card that was copied and given to the
visitors as a souvenir (ca. 1885). From this data, he realized
that forearm length correlated with height and derived the
first example of what statisticians now call a correlation co-
efficient (a numerical value identifying the strength of the
relationship between variables). Galton continued to take
anthropometric measurements, and he added the print-
ing of the thumbs and then the printing of all 10 fingers.
As the author of the first book on fingerprints (Finger
Prints, 1892), Galton established that friction ridge skin
was unique and persistent. He also concluded that there
was no link between friction ridge skin and the character of
the individual with that skin. Because Galton was the first
to define and name specific print minutiae, the minutiae
became known as Galton details (Figure 1-10). Galton's
details consist of a uniting or dividing ridge (bifurcation),
the end or beginning of a ridge (ending ridges), a short is-
land (short ridge), and an enclosure (two bifurcations facing
each other) (Galton, 1892, p 54). (For more on Galton, see
Chapter 5.)

While Galton conducted research that would further ad-
vance the science of fingerprints, fingerprints were being
used practically as well. In 1886, |. W. Taber, a photographer
in San Francisco, proposed using thumbprints to identify
Chinese immigrants (Lambourne, 1984, pp 46-47). In 1889,
the Director-General of the Post Offices in India was col-
lecting thumbprints from employees to prevent individuals
who had been fired from being rehired. Using thumbprints
for identity worked well to prevent fraudulent practices
(Henry, 1934, pp 8-9). The French medical/legal scien-

tist René Forgeot published a thesis in 1891 in which he

FIGURE 1-9

Sir Francis Galton
(1822-1911).
(Reprinted from
Pearson (1914).
Courtesy of

West Virginia
University Libraries.)
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FIGURE 1-10

Minutiae diagram.

(a and b: Bifurcations,
c: Enclosure, d and

e: Ending ridges, and
f: Island). (Reprinted
from Galton (1892).)

proposed using powders and chemicals to develop latent
prints at crime scenes in order to individualize the person
who had touched an object (Galton, 1892, p 46).

Another leading fingerprint researcher of this time period
was Juan Vucetich. Vucetich was employed as a statistician
with the Central Police Department in La Plata, Argentina,
until his promotion to the head of the bureau of Anthro-
pometric ldentification. Vucetich, having studied Galton’s
research, began to experiment with fingerprints in 1891.
He started recording the fingerprints of criminals and
devised his own classification system (Lambourne, 1984,
pp 58-59). Vucetich’s classification system and individu-
alization of prisoners through the use of fingerprints
were the first practical uses of the fingerprint science
by law enforcement personnel. Other countries soon
looked into using a fingerprint system to identify prisoners.
(For more on Vucetich, see Chapter 5.)

In 1892, in Buenos Aires, Argentina, a murder was solved
using thumbprint evidence found at the crime scene. The
two children of Francisca Rojas were found murdered. Rojas
herself had a throat wound. She accused a man named
Velasquez of the murder, stating that he was jealous be-
cause she refused to marry him since she was in love with
another man. The local authorities brutally beat Velasquez
hoping for a confession. When Velasquez did not confess,
Inspector Eduardo Alvarez was brought in from La Plata to

1-13
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conduct a thorough investigation. Inspector Alvarez began
by examining the scene of the crime and found a bloody
thumbprint on the door. Having been trained by Juan Vucet-
ich to compare fingerprints, Alvarez removed the section of
the door with the print and compared the bloody thumbprint
with the thumbprints of Francisca Rojas. \When confronted
and shown that her own thumbprint matched the thumb-
print on the door, she confessed to the murders (New
Scotland Yard, 1990, pp 8-9; Beavan, 2001, pp 114-116).
The Rojas murder case is considered to be the first
homicide solved by fingerprint evidence, and Argentina
became the first country to rely solely on fingerprints
as a method of individualization (Lambourne, 1984,

pp 58-59).

The Troup Committee, named for its chairman, Charles
Edward Troup, was formed in 1893 to investigate cur

rent and possible future methods of identifying habitual
criminals in England. After extensive research into previous
methods of identification (such as photographs and the
memories of police officers) as well as the new methods
of anthropometry and fingermarks, the Troup Committee
came to a compromise. The committee, like Sir Francis
Galton, recognized weaknesses inherent in the filing and
retrieving of fingermarks. Anthropometry and fingerprints
were both considered to be effective methods of identifica-
tion, but at the time, fingerprints did not have an adequate
classification system. The committee thus felt compelled
to use both systems and recommended that five major
anthropometric measurements be taken and used for
primary classification and that fingermarks be attached as
an additional component of the classification system. The
committee’'s recommendations were followed in England
and in Bengal. By 1894, all newly arrested criminals were

FIGURE 1-11
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measured and fingerprinted in those two jurisdictions
(Lambourne, 1984, pp 46-51).

In 1894, Sir Edward Richard Henry (Figure 1-11), Inspector
General of Police for the Lower Provinces, Bengal, collabo-
rated with Galton on a method of classification for finger
prints. With the help of Indian police officers Khan
Bahadur Azizul Hague and Rai Bahaden Hem Chandra
Bose, the Henry classification system was developed.
Once the classification system was developed and proved
to be effective, Henry wrote to the government of India
asking for a comparative review of anthropometry and fin-
gerprints. Charles Strahan, Surveyor General of India, and
Alexander Pedler, a chemist, were sent to Bengal to meet
with Henry to investigate the two methods of identifica-
tion. Toward the end of March 1897 they sent a report to
the government of India that stated, “In conclusion, we
are of opinion that the method of identification by means
of finger prints, as worked on the system of recording
impressions and of classification used in Bengal, may be
safely adopted as being superior to the anthropometrics
method—(1) in simplicity of working; (2) in the cost of
apparatus; (3) in the fact that all skilled work is transferred
to a central or classification office; (4) in the rapidity with
which the process can be worked; and (5) in the certainty
of the results.” (Henry, 1934, p 79) Thus in 1897 the gov-
ernment of India sanctioned the sole use of fingerprints as
a means of identification for prisoners. (For more on Henry,
see Chapter 5.)

Just as the use of friction ridge skin for individualization
was becoming more prevalent, research to better under
stand its evolution and purpose was also proceeding.
David Hepburn of the University of Edinburgh,
Scotland, is credited with being the first to recognize
that friction ridges assist with grasping by increasing
the level of friction between the ridges and the grasped
object. Hepburn's paper, “The Papillary Ridges on the
Hands and Feet of Monkeys and Men”, published in 1895
(Hepburn, 1895, pp 525-537), dealt with the evolution of
the volar pads and named two of the volar pads found in
the palm: the hypothenar and thenar. As research into the
form and function of friction ridge skin increased, so did
the study on how to use fingerprints effectively as a means
of individualization.

Harris Hawthorne Wilder, Professor of Zoology at Smith
College, was studying primates when he was struck by the
resemblance of their volar friction ridges to those of hu-
mans. Wilder published his first paper in 1897 entitled “On



the Disposition of the Epidermic Folds Upon the Palms and
Soles of Primates” During the next three decades, Wilder
continued research in morphology (the biological study of
the form and structure of living organisms), the methodology
of plantar and palmar dermatoglyphics (the study of friction
ridges) (Cummins and Midlo, 1943, p 22), genetics, and
racial differences. Wilder was the first to suggest that
the centers of disturbance of primate friction ridge for-
mations actually represented the locations of the volar
pads. He also developed the hypothesis of a relationship
between primate friction ridge patterns and volar pads.

A criminal case in Bengal in 1898 is considered to be
the first case in which fingerprint evidence was used to
secure a conviction (Sodhi and Kaur, 2003b, pp 1-3):

The manager of a tea garden situated in the district of
Julpaiguri on the Bhutan frontier was found lying on
his bed with his throat cut, his despatch box and safe
having been rifled and several hundred rupees carried
away. It was suggested that one of the coolies em-
ployed on the garden had committed the deed, as the
deceased had the reputation of being a hard taskmas-
ter, or that his cook, upon whose clothes were some
blood spots, might be the culprit. There was suspicion
also against the relatives of a woman with whom the
murdered man had a liaison, also against a wandering
gang of Kabulis of criminal propensities who had lately
encamped in the neighbourhood. A representation
was also made that the deceased had an enemy in an
ex-servant whom he had caused to be imprisoned for
theft. Inquiry, however, satisfied the police that there
was no evidence to incriminate the coolies or the rela-
tives of the woman or the Kabulis, and it was ascer
tained that the ex-servant had been released from jail
some weeks before, and no one could say that he had
since been seen in the district. The cook’s statement
that the marks on his clothes were stains from a pi-
geon’s blood which he killed for his master’s dinner was
supported by the Chemical Analyst's report. Fortunately
amongst the papers in the despatch box was found a
calendar in book form, printed in the Bengali character,
with an outside cover of light-blue paper on which were
noticed two faint brown smudges. Under a magnifying
glass one smudge was decipherable as a portion of the
impression of one of the digits of some person’s right
hand. In the Central Office of the Bengal Police, the
finger impressions of all persons convicted of certain
offences are classified and registered, and the impres-
sion on the calendar when compared there was found

History |CHAPTER 1

to correspond exactly with the right thumb impression
of Kangali Charan, the ex-servant above referred to. He,
in consequence, was arrested in Birbhum, a district
some hundreds of miles away, and brought to Calcutta,
where his right thumb impression was again taken, and
the police in the meantime set about collecting corrobo-
rative evidence. The Chemical Examiner to Government
certified that the brown marks on the calendar were
mammalian blood, the inference being that the actual
murderer or some associate had knocked his blood-
stained thumb against the calendar when rummaging
amongst the papers in the despatch box for the key of
the safe. The accused was committed to stand his trial
before a judge and assessors, charged with murder
and theft, and finally was convicted of having stolen the
missing property of the deceased, the assessors hold-
ing that it would be unsafe to convict him of murder as
no one had seen the deed committed, but recording
their opinion that the charge of theft had been con-
clusively established against him. This conviction was
upheld by the judges of the Supreme Court, to which
the case was taken on appeal (Henry, 1934, pp 57-60).

In December 1900, the Belper Committee in England,
chaired by Lord Belper, recommended that all criminal iden-
tification records be classified by the fingerprint system
(Lambourne, 1984, p 64). With this recommendation, the
Henry Classification System and the individualization
of criminals by means of fingerprints became standard
practice in England and would eventually be adopted
in most English-speaking countries. During this transi-
tion, other events taking place would also demonstrate the
advantage of recording friction ridge skin.

1.6 20th Century

The first trial in England that relied on fingerprint evidence
involved Inspector Charles Stockley Collins of Scotland
Yard. Collins testified to an individualization made in a bur
glary case. That 1902 trial and subsequent conviction
marked the beginning of fingerprint evidence in the
courts of England (Lambourne, 1984, pp 67-68).

In October 1902, Alphonse Bertillon, made an individualiza-
tion in Paris, France, with fingerprints:

On October 17, 1902, he [Bertillon] was called to aid
the investigation of the murder of Joseph Reibel. A
glass panel from a nearby cabinet had been broken, and
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some bloody fingerprints were discovered on one of
the broken pieces. These were dutifully photographed
and preserved. After determining that they did not
match the victim's prints, Bertillon began a search of his
anthropometric cards, upon which, by that late date, he
had added fingerprint impressions as a routine matter
in addition to his measurements. Eventually he found

a card which contained fingerprint impressions that
showed areas that matched the prints taken from the
crime scene. The report of the case describes the isola-
tion of three points of resemblance in the thumb-print,
four in the index and middle finger, and six in the print
from the ring finger. The murderer, Henri Leon Scheffer,
was apprehended and brought to justice. (Kingston and
Kirk, 1965, p 62)

As a result of the above case, Bertillon is given credit
for solving the first murder in Europe with the use of
only fingerprint evidence.

The first systematic use of fingerprints in the United
States was in 1902 by Dr. Henry P. de Forest of the New
York Civil Service Commission. De Forest established
the practice of fingerprinting civil service applicants in
order to prevent imposters from taking tests for otherwise
unqualified people. Applicants were fingerprinted when
they submitted their applications, when they turned in each
test, and when they officially reported to duty (de Forest,
1938, pp 16-20).

In 1903, after several months of fingerprinting criminals
upon their release, Captain James H. Parke of New York
state developed the American Classification System. The
use of the American Classification System and subse-
quent fingerprinting of all criminals in the state of New
York was the first systematic use of fingerprinting for
criminal record purposes in the United States (McGinnis,
1963, pp 4-5). Although the American Classification System
did not gain widespread acceptance throughout the United
States, it did not take long before the science of finger
prints spread nationwide.

Within fingerprint history, there is a famous story about an
incident that signaled the downfall of the use of anthropo-
metric measurements in favor of fingerprinting. A man was
arrested in 1903 and brought to the Leavenworth prison in
Kansas. The man claimed that his name was Will West and
that he had never been previously arrested. Prison personnel
took the man'’s Bertillon measurements and his photograph
to facilitate a prison records check. The records showed that
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a man named William West, with very similar anthropomet-
ric measurements and a striking resemblance to the new
inmate, was already incarcerated in Leavenworth prison.
Guards sent to check William West's cell may have suspect-
ed they were dealing with an escapee; instead, they found
William West asleep in his bed. After comparing records of
both men, prison personnel seemed unable to tell the men
apart. Upon taking and comparing the fingerprints of both
prisoners, it was clear that the fingerprint method of iden-
tification could distinguish between the two men. (Cole,
2001, pp 140-146; Chapel, 1941, pp 11-13).

The William and Will West story is somewhat sensational-
ized and omits prison record information, uncovered by
later researchers, indicating that William and Will West
both corresponded with the same family members and
thus were probably related. Prison records also cite that
Leavenworth inmate George Bean reported that he knew
William and Will West in their home territory before prison,
and that they were twin brothers (Nickell, 1980, pp 3-9).
Their exact relationship is still unknown. What is factual is
that the two West men were not unusual; many people
have similar anthropometric measurements. It is generally
accepted that identical twins will have the same or almost
the same anthropometric measurements, yet easily dif-
ferentiated fingerprints. The superiority of fingerprints over
anthropometry is thus clear.

At the 1904 World’s Fair in Saint Louis, there were three
booths demonstrating identification methods. One booth
displayed the anthropometric method and was run by
Emerson E. Davis from New York. Captain James J. Parke,
from New York, and Inspector John Kenneth Ferrier, of
New Scotland Yard, each set up a booth displaying the
fingerprint method of identification. Inspector Ferrier
discussed the fingerprint method with many individuals

at the fair, several of whom were in charge of their own
police departments throughout the United States. He also
showed visitors an instance where the anthropometric
measurements of two men varied by only a millimeter and
how the fingerprints were different (Myers, 1938, p 19).
After the fair, Ferrier remained in the United States to teach
fingerprinting, including how to use powder to develop la-
tent prints (Myers, 1938, pp 19-21). Ferrier’s students went
on to teach fingerprinting to law enforcement and military
communities throughout the rest of America.

On October 19, 1904, Inspector Ferrier and Major M. W.
McClaughry began fingerprinting all inmates at the
Leavenworth, KS, federal prison. These fingerprint



records became the beginning of the U.S. Govern-
ment’s fingerprint collection (Myers 1938, pp 19-20).

In 1904, Inez Whipple published the paper, “The Ventral
Surface of the Mammalian Chiridium " Whipple's survey
into mammalian palm and sole configurations formed an
important part of the modern scientific knowledge on the
subject and is considered a landmark in the fields of genet-
ics and ridgeology (Ashbaugh, 1999, p 43). Her treatise was
on the evolution of friction ridge skin and its development
as mankind evolved. Whipple theorized that mammals lost
hair from scales on volar surfaces; volar scales fused into
rows; and ridges evolved according to the need for friction
to facilitate locomotion and grasping. She gave locations

of the volar pads and explained possible forces that affect
ridge growth. (Whipple, 1904, pp 261-368). Whipple, who
became Inez Wilder after marriage, was undoubtedly
influenced by her coworker and husband, Harris Hawthorne
Wilder (see p 16).

In 1905, Inspector Charles S. Collins of Scotland Yard testi-
fied to the individualization of a suspect's fingerprint on a
cash box. The case involved the murder of a man and his
wife. Two brothers, Alfred and Albert Stratton, were the de-
fendants. Collins explained to the jury the classification of
fingerprints and how to effect an individualization. Then, he
demonstrated the characteristics he had marked on a chart
as matching Alfred Stratton's right thumb. Collins claimed
that in all his years of experience, he had never found two
prints to have more than three characteristics in common.
In this case, there were 11 characteristics in common. Sup-
plementing eyewitness statements, the individualization of
Alfred Stratton’s right thumb impression was the strongest
piece of evidence in the case. Both brothers were found
guilty of the murders and sentenced to death. This case is
referred to as the Deptford Murder Trial, in reference to the
address of the crime, and it was the first murder trial in
England in which fingerprints were used as evidence.

Also in 1905, in the case of Emperorv Abdul Hamid, a
court in India decided that no expert was required to testify
to the individualization of prints, and an appellate court
agreed. They believed that participants in the court could
just as easily make a comparison as anyone else and that
an expert was not necessary (Cole, 2001, p 170). Other
courts would later disagree with the position that no exper
tise is required to individualize fingerprints.
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Murder suspect Thomas Jennings was convicted in 1910
after testimony by four experts who individualized
Jennings' fingerprints from a porch railing at the crime
scene. The experts were Michael P Evans, head of the
Bureau of Identification of the Chicago Police Department;
William M. Evans, previously of the Bureau of Identifica-
tion of the Chicago Police Department; Edward Foster, an
inspector with Dominion Police in Ottawa, Canada; and
Mary Holland, a trainer of Navy* personnel and the
first American female instructor of fingerprinting. All
four witnesses testified that the fingerprints on the railing
were made by Jennings. Other evidence also incriminated
the defendant, such as Jennings's proximity to the mur
der scene 13 minutes after the murder while carrying a
recently fired pistol containing cartridges similar to ones
found at the murder scene.

The defense appealed the case, claiming the fingerprint
evidence was improperly admitted and that it was not
necessary to use a fingerprint examiner as an expert wit-
ness. The opinion delivered by the lllinois appellate court
confirming the conviction including the following:

We are disposed to hold from the evidence of the four
witnesses who testified and from the writings we have
referred to on this subject, that there is a scientific basis
for the system of fingerprint identification and that the
courts are justified in admitting this class of evidence;
that this method of identification is in such general and
common use that the courts cannot refuse to take judi-
cial cognizance of it.

From the evidence in this record we are disposed to hold
that the classification of fingerprint impressions and
their method of identification is a science requiring study.
While some of the reasons which guide an expert to his
conclusions are such as may be weighed by any intelli-
gent person with good eyesight from such exhibits as we
have here in the record, after being pointed out to him by
one versed in the study of finger prints, the evidence in
question does not come within the common experience
of all men of common education in the ordinary walks of
life, and therefore the court and jury were properly aided
by witnesses of peculiar and special experience on this
subject. [People v Jennings 1911, pp 9-10]

After being upheld on appeal, People v Jennings became
a landmark legal case because it was the first American

‘In 1907, the Navy adopted the practice of fingerprinting of applicants (Myers, 1938, p 15).
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appellate case regarding the admissibility of finger-
print expert testimony. The appellate court concluded
that fingerprint identification is a science and that expert
testimony was appropriate to aid members of the court in
understanding fingerprint evidence.

In 1911, Lieutenant Joseph Faurot, a New York Police
Department fingerprint expert presented testimony in a
burglary case. He individualized defendant Charles Crispi’s
fingerprint on a pane of glass removed from a door at the
crime scene point of entry. In a dramatic courtroom
demonstration, Faurot took the inked prints of the 12
jurors and other court personnel and then left the room.

A TIMELINE OF FINGERPRINT FIRSTS

1788

J. C. A. Mayer is first to
write that friction ridge
skin is unique.

1858

Faurot's assistant had a jury member place a print on a
pane of glass to simulate the conditions of the burglary.
Faurot returned to the courtroom, developed the print

left on the glass, and identified the developed print to the
proper juror. Next, Faurot gave each juror a set of charts
showing marked characteristics in common between the
known prints of Crispi and the print left on the piece of
glass at the burglary scene. Each juror was then able to
compare the prints along with Faurot. The demonstrations
were so impressive that the defendant changed his plea to
guilty. People v Crispi (1911) is considered to be the first
conviction obtained with fingerprint evidence alone in
the United States (despite the defendant’s courtroom plea

1897

Harris Hawthorne Wilder is first to suggest that the centers of
disturbance of primate friction ridge formations represent the
locations of the volar pads.

1892
Rojas murder case, in Buenos Aires, is considered to be the first

Herschel's spontaneous
printing of man’s hand as
proof of identity is first
official use of friction ridge
skin as a signature by a
European.

1684

Friction ridge skin is
first described in
detail by Nehemiah
Grew.

|

1850

W g

1687 —@—
— s —e
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(approximately)

1856-1897

Hermann Welcker is first person
to start a permanence study;
generally, though, credit for
being first person to study
persistence of friction ridge
skin goes to Sir William James
Herschel.

Chinese are first culture known
to use friction ridge impressions
as a means of identification.

1687

Marcello Malpighi credited with
being the first to use microscope
to study the skin.

homicide solved by fingerprint evidence, and Argentinabecomes the first
country to rely solely on fingerprints as a method of individualization.

Sir Francis Galton authors first book on fingerprints.

1883

Arthur Kollman is first to identify the
presence and locations of the volar
pads on the hands and feet.

| 21 | - |5 | |om—

1880

Henry Faulds is first to
publish in a scientific
journal the value of
friction ridge skin for
individualization.

—— AR —

1891

Juan Vucetich’s classification system and
individualization of prisoners through the use of
fingerprints are the first practical uses of the
fingerprint science by law enforcement personnel.

1895

David Hepburn credited with being
the first to recognize that friction
ridges assist with grasping.




change) (Cole, 2001, pp 181-185; Wilder and Wentworth,

1918, pp 283-284).

In 1914, Dr. Edmond Locard published “The Legal Evidence
by the Fingerprints” Locard was Director of the Laboratory
of Police at Lyons, France, and was a student of Alphonse
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In 1918, Harris Hawthorne Wilder and Bert Wentworth

(Police Commissioner of Dover, NH) collaborated to publish
Personal Identification: Methods for the Identification of

function together.

Bertillon. Locard’s 1914 article, and others published soon

afterwards, explained the theory of poroscopy and how
the use of pores could supplement a fingerprint compari-
son by lending supporting data. Dr. Locard's study into the
sweat pores of friction ridge skin is one more example

of law enforcement personnel conducting research into
fingerprint science (Locard, 1914, p 321).

Individuals, Living or Dead, exemplifying how, through joint
effort, the fields of science and law enforcement could

In their book, Wilder and Wentworth state, “The patterns of
the friction skin are individual, and, taken together, impos-
sible to duplicate in another individual. The separate ridges,
too, show numerous details, which are also so individual
that a small area of friction skin, taken even in the most
featureless portion, cannot be matched by any other piece”

1900

Belper Committee recommends that all criminal identification records be classified by the Henry Classification
System; with this recommendation, the individualization of criminals by means of fingerprints becomes
standard practice in England and is eventually adopted in most English-speaking countries.

1902

Burglary trial marks the beginning of fingerprint evidence in the courts of England.
Alphonse Bertillon given credit as first to solve a murder in Europe using only fingerprint evidence.

Henry P. de Forest establishes practice of fingerprinting civil service applicants in New York, the
first systematic use of fingerprints in the United States.

1903

The use of the American Classification System and subsequent fingerprinting of
all criminals in the state of New York is first systematic use of fingerprinting for
criminal record purposes in the United States.

1904

Fingerprint records of all inmates at Leavenworth, KS, federal prison
marks the beginning of the U.S. Government's fingerprint collection.

1940

FBI participates in disaster
identification for the first
time, when a Pan Am
Central Airliner crashes

in Lovettsville, VA.

1939

o ® 0
N |E| | 12| (- | S| |- | 2] | ———
|
1918
1911 Wild_er apd We_ntw_o_r'th
People v Jennings is first American publish first scientific
appellate case regarding the admissibility ~ "eSearch supporting
of fingerprint expert testimony. third-level detail as
ik N : permanent and unique.
People v Crispiis considered first U.S.
case in which conviction is obtained with
fingerprint evidence alone.
1907 1938
» h
Mary Holland, a trainer of Navy personnel, ﬁt:;ess\zdz tgsg;nr;aclt(zs
becomes the first American woman habitual offender using
1898 instructor of fingerprinting. certified copies of
Criminal case in Bengal is considered the 1905 fingerprints as proof of

first case in which fingerprint evidence
was used to secure a conviction.

First murder trial in England in which identity.

fingerprints are used as evidence.

Sinking of USSSqualus is
first United States disaster in
which fingerprint individual-
ization plays a major role in
identifying victims.
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(Wilder and Wentworth, 1918, p 134). This was the first
scientific research supporting third level detail as per-
manent and unique.

Because of the use of friction ridge skin as a means

of identification, prisons throughout the United States
acquired large fingerprint collections. The collections from
Leavenworth and the files of the National Police Bureau of
Criminal Identification were combined (810,188 records)
on July 1, 1924, establishing the Identification Division in
the U.S. Justice Department’s Bureau of Investigation.
The Identification Division was placed under the charge

of a young assistant director of the Bureau named John
Edgar Hoover (Cole, 2001, pp 238, 245; Myers, 1938, p 8).
Eventually the Bureau of Investigation would become the
Federal Bureau of Investigation (FBI), led by J. Edgar Hoover
for many years.

In April 1939, the Supreme Court of Washington State
upheld the decision of the Superior Court of King County
on the conviction of a habitual offender. This was a major
step, because the case decision (State v Johnson, 1938)
made it possible to convict a habitual offender using
certified copies of fingerprints as proof of identity as
opposed to requiring officials from other locations to
testify to prior convictions to establish the individual
as a habitual offender (Myers, 1942, p 16).

Fingerprint individualization has also been used in noncrimi-
nal matters, such as the identification of disaster victims.
The first United States disaster in which fingerprint
individualization played a major role was when the
USS Squalus sank on May 23, 1939. The submarine sank
stern-first to the bottom of the ocean in 240 feet of water.
James Herbert Taylor, Superintendent of the Identification
Division, United States Navy, conducted the identification
operation. All the bodies were identified through the use of
fingerprints (Myers, 1942, p 18).

In 1940, a court in Hamilton, TX, declared the fingerprint
method of identification to be valid. Newton Grice was
convicted of burglary based on his fingerprint on a pane

of glass removed from a door. Grice appealed the convic-
tion on the grounds that the fingerprint evidence was
insufficient to prove that he had been at the location and
handled the item in question. The appellate judge, Thomas
Beauchamp, proclaimed that since thousands of prints had
been taken, classified, and filed in the United States, with
none being the same as any other, there was more than

enough proof that fingerprints are unique. The judge ruled
that defense attorneys need to take the time to actually
find prints that are in common in two different individuals
rather than simply make the argument that it is possible.
Judge Beauchamp upheld the conviction and stated that he
felt that fingerprints are unique, and he placed the burden
of proof on the defense to prove that fingerprints are not
unique (Myers, 1942, pp 22-23).

Also in 1940, the FBI participated in disaster identifica-
tion for the first time, when a Pan Am Central Airliner
crashed in Lovettsville, VA, with an FBIl agent and an FBI
stenographer on board. The members of the FBI Identifica-
tion Division's Single Fingerprint Section were dispatched
to identify the bodies of the FBI employees. FBI fingerprint
specialists helped identify the bodies of all 25 victims

from the crash. This was the beginning of the FBI Disaster
Squad, which still responds to disasters today.

Several years later, Dr. Harold Cummins (1893-1976) of
Tulane University in New Orleans, LA, conducted a great
deal of research on friction ridge skin. By examining
fetuses in various stages of growth and health, Cummins
made many contributions to the modern understanding of
friction ridge skin. Cummins’s book Fingerprints, Palms,
and Soles—An Introduction to Dermatoglyphics (published
in 1943 with his coauthor Charles Midlo) describes the
formation and development of volar pads on the human
fetus. Cummins notes that volar pad regression takes place
almost concurrently with the beginning of friction ridge
development; that the size, location, growth, and configura-
tion of the volar pad affects the friction ridge patterns; and
that disease or birth defects have an effect on the growth
of volar pads (Cummins and Midlo, 1943, pp 178-186).

In 1952, Dr. Alfred R. Hale, also of Tulane University, pub-
lished a thesis titled “Morphogenesis of the Volar Skin in
the Human Fetus” By studying cross sections of fetal skin,
Hale was able to describe the formation of friction ridges
during fetal development and the differential growth of
friction ridges, which is the major premise of friction ridge
identification (Ashbaugh, 1999, p 53).

Salil Kumar Chatterjee (1905-1988) of Calcutta, India, pub-
lished the book Finger, Palm, and Sole Prints in 1953, but
Chatterjee is best known for his 1962 article “Edgeoscopy”
(Chatterjee, 1962, pp 3-13), in which he described his theory
of using specific ridge-edge shapes to supplement finger
print individualization. He defined ridge shapes including



straight, convex, peak, table, pocket, concave, and angle.
Chatterjee believed that these edge shapes could be used
to assist in making individualizations (Ashbaugh, 1999, p 160).
(For more on Chatterjee, see Chapter 5.)

In 1976, Dr. Michio Okajima of Japan published the paper
“Dermal and Epidermal Structures of the Volar Skin” The
main contribution from his work is the study of incipient
ridges, which appear as smaller ridges in friction ridge
impressions (Ashbaugh, 1999, p 58).

In 1984, Brigitte Lacroix, Marie-Josephe Wolff-Quenot, and
Katy Haffen of Strasbourg, France, published “Early Human
Hand Morphology: An Estimation of Fetal Age"” The paper
discussed the three phases of the development of the
hand (Ashbaugh, 1999, pp 58-59).

Dr. William Babler of Marquette University in Milwaukee,
WI, published “Embryological Development of Epider
mal Ridges and Their Configurations” in 1991. That paper
reviewed prior work by other scientists and the research
Babler performed relative to the “prenatal relationship
between epidermal ridge dimension and bone dimension
of the hand” (Babler, 1991, p 106).

1.7 Conclusion

Study, research, and experimentation have led to and sup-
ported fingerprints as a means of individualization and a fo-
rensic tool of incalculable value. The research and practical
knowledge accumulated over the course of many centuries
well supports the science.

As time moves forward and people continue to study any
science, that science grows and becomes better under
stood. No one has said it better than Johann Wolfgang von
Goethe: “The history of a science is the science itself”
(Kline, 1980, p 7).

1.8 Reviewers

The reviewers critiquing this chapter were Debbie Benning-
field, Mike Campbell, Christine L. Craig, Laura A. Hutchins,
Ginger A. Kobliska, William F. Leo, Bridget Lewis, Charles
Richardson, Michelle L. Snyder, and Juliet H. Wood.
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examination process. The anatomy and physiology explain

FRICTI ]N RIDGE SKI N how the features of the skin persist, how the features of
the skin age, how the skin responds to injury, and why

scars that form are unique. Another element explained

ALICE V MACEO by the structure of the skin is the mechanics of touch.
Understanding how the friction ridge skin reacts when it
contacts a surface can provide valuable assistance during

the examination of friction ridge impressions.

2.2 Anatomy

2.2.1 Outer Morphology of Friction
Ridge Skin

The outer morphology of the friction ridge skin is a direct
reflection of its function. The ridges and sweat pores allow
the hands and feet to grasp surfaces firmly, and the creases
allow the skin to flex. Ridges, creases, and mature scars of
the friction ridge skin are durable morphological features.

Warts, wrinkles, blisters, cuts, and calluses may also ap-
pear on the friction ridge skin and are frequently transient
morphological features. The anatomy and physiology of

a feature determine whether the feature is durable or
transient in nature. Figure 2—1 is an image of a left palm
displaying the normal morphology of friction ridge skin.

2.2.2 General Anatomy of Skin

The skin is an organ composed of three anatomical layers:
epidermis, dermis, and hypodermis. These anatomical lay-
ers together function to provide the body with a protective
barrier, body temperature regulation, sensation, excretion,
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FIGURE 21

Friction ridge skin
of the left palm.

immunity, a blood reservoir, and synthesis of vitamin D
(Tortora and Grabowski, 1993, p 127).

The outer layer of skin is the epidermis. The epidermis
prevents water loss through evaporation, acts as a receptor
organ, and provides a protective barrier for the underlying
tissues. Melanocytes, the pigment-producing cells of the
epidermis, play a key role in the protective barrier. The pig-
mentation produced by the melanocytes shields the DNA
of the keratinocytes (primary cell type of the epidermis)
from the sun’s harmful rays. Additionally, the melanocytes
are responsible for the synthesis of vitamin D (Freinkel and
Woodley, 2001, p 120).

The dermis is a layer of connective tissue that supports the
epidermis. It is a network of cells, fibers, blood vessels,
and gelatinous material that provides structural support
and nourishment for the epidermis. The dermis serves as

a blood reserve and participates in sensory reception and
temperature regulation.

The hypodermis lies under the dermis and is a loose connec-
tive tissue that contains a pad of adipose cells (fat) that con-
tour the body and serve as an energy reserve. Fibers link the
epidermis to the dermis and the dermis to the hypodermis.

The only skin appendage of the friction ridge skin is the
eccrine sweat gland. Although sweat glands are distributed
over almost the entire skin surface, the friction ridge skin
has the highest concentration of eccrine glands, 2500—
3000/2.5 cm? (Freinkel and Woodley, 2001, p 49). The
sweat glands of the friction ridge skin are also the largest
on the body. Eccrine sweat glands participate in tempera-
ture regulation by secreting sweat and assist in the
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excretion of metabolic waste (e.g., urea) (Junqueira and
Carneiro, 2003, p 369).

2.2.3 Structure of Friction Ridge Skin

The ridges and furrows on the surface of the friction ridge
skin are firmly rooted in the dermis by primary ridges
(underthe-surface ridges) and secondary ridges (under the
valleys). Figure 2-2 illustrates the structure of friction ridge
skin. The primary and secondary ridges are interlocked with
the dermis to provide support and strength to the friction
ridge skin. Additionally, sweat glands extend from the pri-
mary ridges and are anchored in the dermis or hypodermis.

2.2.4 Epidermis

The epidermis is described as a “stratified, continually re-
newing epithelium that exhibits progressive differentiation
(keratinization, cornification) in a basal to superficial direc-
tion” (Freinkel and Woodley, 2001, p 19). In other words,
the epidermis is a layered tissue that must constantly
replace the cells leaving the surface. New cells are gener
ated in the basal layer and pushed toward the surface. As
the cells move toward the surface, they undergo sequential
changes in chemical composition.

The epidermis is composed of several different types of
cells: keratinocytes, melanocytes, Langerhans cells, and
Merkel cells. The keratinocytes are the cells that undergo
differentiation and are lost at the surface. The epidermis is
the protective barrier; it is imperative that the skin balance
the number of new keratinocytes created with the num-
ber of keratinocytes leaving the surface. This balance is
achieved by communication and adhesion.
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2.2.5 Keratinocytes

The primary cell of the epidermis is the keratinocyte. Kera-
tinocytes account for 90-95% of the epidermal cells (Frein-
kel and Woodley, 2001, p 19). Even though keratinocytes
change in chemical composition as they reach the surface,
all keratinocytes are distinguishable by the presence of
keratin intermediate filaments.

Keratin is a durable protein organized into bundles (fila-
ments) that extend throughout the cell and provide struc-
tural support. Keratin reinforces the skin cells so that they
do not break when subjected to physical stress. There are
about 20 varieties of keratin distributed throughout the
epidermis, designated K1 through K20 (Freinkel and Wood-
ley, 2001, p 20). The keratinocytes of the friction ridge skin
express keratins not expressed elsewhere on the body,
specifically K9, K6, and K16 (Swennson et al., 1998, p 770).

FIGURE 2-2

Structure of friction ridge skin.

FIGURE 2-3

Distribution of keratin in the primary (PR)
and secondary (SR) ridges. Keratin K9 is
predominantly expressed in the suprabasal
layer and stratum spinosum of the primary
ridges. Keratin K17 is expressed in clusters in
the basal layer of the primary ridges. Keratin
K16 is expressed in the secondary ridges.
(Artwork by Brandon Smithson, re-drawn
from Swensson et al. (1998), p 773.)

Keratinocytes of the friction ridge skin also express a more
complex pattern of keratin distribution than the rest of

the skin. K9 is found only in the keratinocytes above the
basal layer of the primary ridges (Swennson et al., 1998,

p 770). The basal keratinocytes in the deepest part of the
primary ridges express K17 (Swennson et al., 1998, p 771).
The basal keratinocytes along the vertical segments of the
primary ridges express K6 (Swennson et al., 1998, p 770).
K16 is found only in the keratinocytes of the secondary
ridges and in the keratinocytes above the dermal papillae
(Swennson et al., 1998, p 771). Figure 2-3 illustrates the
keratin distribution in the friction ridge skin.

The differences in the keratin produced and distributed
across the friction ridge skin are attributed to the greater
amount of mechanical stress on the friction ridge skin
(Swennson et al., 1998, p 767). The keratin produced in the
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FIGURE 24

Layers of the epidermis.

cells of the primary ridges (K9) is more durable than the
keratin produced in the secondary ridges (K16). From a me-
chanical standpoint, the surface ridges withstand most of
the compression when the friction ridge skin touches a sur
face, thereby necessitating enhanced durability. The more
pliable keratin produced in the secondary ridges allows the
furrows to act as a hinge between the stiffer surface ridges
(Swennson et al., 1998, p 772).

2.2.6 Layers of the Epidermis

Figure 2—4 is a color-coded illustration of the five layers of
keratinocytes in the friction ridge skin epidermis: stratum
basale, stratum spinosum, stratum granulosum, stratum
lucidum, and stratum corneum. There is an informal layer,
the suprabasal layer, between the stratum basale and the
stratum spinosum in the primary ridges.

Nearly all the cells illustrated in Figure 2-4 are keratino-
cytes. The only exceptions are the occasional brown, grey,
and green cells that represent the melanocytes, Langer
hans cells, and Merkel cells, respectively.

The layers of the epidermis are named on the basis of
microscopic appearance of the keratinocytes in slide
preparations. The keratinocytes change in appearance and
composition as they are pushed toward the surface and
undergo differentiation. During the stages of differentiation,
the cells become keratinized (filled with keratin).

2.2.6.1 Stratum Basale. The stratum basale is the inner
most layer of the epidermis and consists of a single layer of
keratinocytes with occasional melanocytes and Merkel cells.
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The keratinocytes in the basal layer continually divide and
are the wellspring of all the keratinocytes in the upper layers.

Figure 2-5 is an image of two adjacent basal keratinocytes.
Each keratinocyte contains a large nucleus. The nucleus
consists of a lighterstained chromatin and a darkerstained
nucleolus. Chromatin is the active DNA specific for that
particular cell type (keratinocyte in this instance). The
nucleolus is compacted DNA responsible for synthesizing
ribosomes. Ribosomes are structures in the cell that help
build proteins. The basal cells are connected to the base-
ment membrane zone by hemidesmosomes. The hemides-
mosomes link the basal cells to the dermis via the basal
lamina. The basal lamina is broken down into two regions:
lamina lucida and lamina densa. Desmosomes and focal
tight junctions attach the basal keratinocytes to each other.
There are small spaces between the cells. These intercel-
lular spaces allow nutrients and signals that have passed
from the dermis via the basement membrane zone to dif-
fuse throughout the keratinocytes of the basal layer.

Basal Cell Mitosis.\When a basal keratinocyte divides, it
undergoes mitosis. Mitosis is the mechanism by which a
cell replicates its DNA, the two copies of the DNA migrate
to different sides of the cell, and the cell physically sepa-
rates into two. Each cell contains a complete copy of the
DNA. When a basal keratinocyte divides in the epidermis,
the original cell remains in the basal layer (cell A in Figure
2-6) and the newly generated cell sits on top of it (cell B
in Figure 2-6). When the basal keratinocytes divide again,
the first generated cell (B) is displaced into the stratum
spinosum by the newly generated cell (cell C in Figure
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2-6). The cycle continues, each new cell pushing the older
cells toward the surface of the epidermis.

Basement Membrane Zone. The keratinocytes of the stra-
tum basale are associated with the dermis via the basement
membrane zone. The basement membrane zone contains
elements of both the epidermis and dermis. In addition

to providing structural support to the skin, the basement
membrane zone is the filter through which nutrients pass
from the dermal blood vessels to the basal keratinocytes
(Freinkel and Woodley, 2001, p 133).

The basement membrane zone includes the portion of the
plasma membrane of the basal keratinocytes that sits on the
dermal—epidermal junction. As shown in Figure 27, the basal
keratinocytes have specialized attachment plaques, termed
hemidesmosomes, that project anchoring filaments down
toward the dermis (Freinkel and Woodley, 2001, p 134). The
area just below the basal cells containing these anchoring
filaments is called the lamina lucida.

FIGURE 2-5

Two adjacent basal cells (BC), each containing

a large nucleus (N). The basal lamina (lamina
lucida and lamina densa) lies just below the
plasma membrane of the basal keratinocytes.
Hemidesmosomes (H) occur regularly along
the plasma membrane. Intercellular spaces (IC)
are spaces between cells where the cells are
not attached by desmosomes (D). Magnification
= 2680 X. (Reprinted with permission from
Montagna and Parakkal (1974), p 28.)

FIGURE 2-6

Sequence of mitosis of basal keratinocytes: (1)
cell A replicates its DNA; (2) the DNA is pulled
to opposing ends of the cell; (3) cell A divides;
(4) cell B is created; (5) cell A replicates its DNA
again; (6) the DNA is pulled to opposing ends of
cell A; (7) cell A divides to create cell C; (8) cell
C pushes previously generated cell B upward,
where it begins to differentiate and becomes
part of the stratum spinosum.

The dermis contributes the lamina densa and sublamina
densa fibrillar zone to the basement membrane zone. The
lamina densa contains protein (e.g., collagen fibers). The
filaments of the hemidesmosomes in the lamina lucida are
interwoven with the fibers of the lamina densa (Freinkel
and Woodley, 2001, p 136). The sublamina densa fibrillar
zone is the uppermost portion of the dermis and contains
elastic fibers, additional collagen fibers, and anchoring
plagues (Freinkel and Woodley, 2001, p 145). The fibers and
anchoring plagues of the sublamina densa fibrillar zone are
interwoven with the fibers of the lamina densa.

The hemidesmosomes of the basal keratinocytes and the in-
terlocking fibers throughout the basement membrane zone
prevent the basal cells from migrating. The basal keratino-
cytes are locked down to their position in the epidermis.

Anchoring Cell Junctions: Desmosomes and Focal
Tight Junctions. The keratinocytes of the basal layer,
and throughout the layers of the epidermis, are tightly
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FIGURE 27

Basement membrane zone.

FIGURE 2-8

SEM and schematic of a
desmosome linking adjacent
skin cells of a salamander.
Magnification = 5500 X.
(Reprinted with permission
from Wolfe (1993), p 257)

bound to one another via desmosomes (Junqueira and
Carneiro, 2003, p 370) and focal tight junctions (Tortora and
Grabowski, 1993, p 97). Desmosomes are round plaques
that bind together the plasma membranes of adjacent
cells. Figure 2-8 shows (a) a scanning electron microscope
(SEM) image and (b) a schematic of a desmosome. Keratin
fibers extend from the desmosome plaque to the interior
of each cell, creating an interior scaffold that supports the
cell (Wan et al., 2003, p 378).

Desmosomes exist between cells throughout the entire
epidermis (friction ridge skin and nonfriction ridge skin).
There is, however, variation. Desmosomes vary in size,
depending on the body location of the skin. The desmo-
somes between the keratinocytes of the friction ridge skin
are larger than those of nonfriction ridge skin (Wan et al.,
2003, p 384). Along with larger desmosomes, the keratino-
cytes of the friction ridge skin also have a greater density
of keratin (Wan et al., 2003, p 379). The increase in the size
of the desmosomes and density of keratin indicates that
desmosomes are site specific, depending on the amount
of physical stress the particular area of skin must endure
(Wan et al., 2003, p 386).
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Desmosomes also show variation within the layers of the
epidermis. Desmosomes undergo modifications as the
cells progress outward from the basal layer of the epider
mis. In the friction ridge skin, the desmosomes increase

in size as the cells enter the stratum spinosum (Wan et al.,
2003, p 385). Desmosomes are continually reinforced as
the cells are pushed toward the surface. Upon reaching the
outer portion of the stratum corneum, the desmosomes
are broken down to release the cells from the surface
(Freinkel and Woodley, 2001, p 25).

Focal tight junctions (Figure 2-9) are small “spot welds”

of the cells’ surfaces (Flaxman and Nelson, 1974, p 329).
The cell membranes of adjacent cells are fused together,
eliminating intercellular space. Focal tight junctions provide
additional anchoring between cells and provide a low-
resistance electrical pathway for communication between
cells (Cavoto and Flaxman, 1972, p 373).

Basal Cell Heterogeneity. The basal keratinocytes of the
primary ridges are structurally different from the basal cells
of the secondary ridges. The basal keratinocytes of the
primary ridges contain less keratin than the basal cells of
the secondary ridges. The junction of the basal cells of the
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primary ridges with the basement membrane is slightly un-
dulated (Figure 2-10), whereas basal cells of the secondary
ridges contain long projections that extend deep into the
dermis (Figure 2—11) (Lavker and Sun, 1982, p 1240).

The differences in the structure of the basal cells in the
primary and secondary ridges explain their differences in
function. The basal cells of secondary ridges, with long
projections into the dermis, serve an anchoring function
(Lavker and Sun, 1982, p 1239). The basal cells of the
primary ridges have a morphology similar to stem cells
and can be induced to multiply by tissue demand or injury
(Lavker and Sun, 1982, p 1239). The basal cells also differ
in the rate at which they multiply. The basal cells of the
secondary ridges divide more frequently than the primary
ridges because the basal cells of the primary ridges give
rise to cells that divide in the suprabasal layer.

Suprabasal Layer. The basal keratinocytes of the second-
ary ridges continuously divide—each basal cell dividing

to push one cell at a time into the stratum spinosum. The
basal cells of the primary ridges behave a little differently.

FIGURE 2-9

Electron micrograph of a focal tight junction
between adjacent keratinocytes.

Magnification = 12500 X. (Reprinted with permission
from Cavoto and Flaxman (1972), p 372.)

FIGURE 2-10

Basal cells of the primary ridges. Scale bar is
10 um. (Reprinted with permission from Lavker
and Sun (1983), p 123.)

The basal keratinocyte of the primary ridge divides to cre-
ate a new cell. This new cell does not immediately enter
the stratum spinosum and commit to differentiation. The
newly generated cell, termed a transient amplifying cell,
undergoes a couple of cell divisions while it sits in the
suprabasal layer (Lavker and Sun, 1983, p 121). After cell
divisions are complete, the transient amplifying cells are
pushed upward into the stratum spinosum and begin dif-
ferentiation. More cells are produced in the primary ridges
than in the secondary ridges because of the transient
amplifying cells. The cells of the primary ridges maintain
the surface ridges, where more cells are needed because
of greater abrasion.

2.2.6.2 Stratum Spinosum. As the keratinocytes are
pushed toward the surface, they begin to undergo differen-
tiation. The cells become polyhedral in shape and desmo-
somes (cell junctions) are reinforced. Keratin production

is increased, and the keratin filaments are organized
concentrically around the nucleus and extend into the
desmosomes (Freinkel and Woodley, 2001, p 23). New
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FIGURE 2-11

Basal cells of the secondary
ridges. Scale bar is 10 um.
(Reprinted with permission from
Lavker and Sun (1983), p 123.)

FIGURE 2-12

Cells of the stratum spinosum and
stratum granulosum (with keratohyalin
granules). Magnification = 1400 X.
(Reprinted with permission from
Eroschenko (1993), p 127)

structures, lamellar granules, appear in the cells as the
cells are pushed toward the limit of the stratum spinosum.
Lamellar granules are pockets of lipids that first appear in
the stratum spinosum but do not become active until the
cells reach the stratum granulosum (Freinkel and Woodley,
2001, p 24). Figure 2-12 is a microscope slide preparation
of the keratinocytes of the stratum spinosum and stratum
granulosum. The stratum spinosum is so named because
of the spiny appearance of the cells in microscope slide
preparations. During the process of making the slide, the
cells dehydrate, causing them to shrink away from one
another. The spines are where the desmosomes are still
holding the cells together.

2.2.6.3 Stratum Granulosum. As the cells are pushed
toward the surface, they continue structural and chemical
modification. Keratinocytes entering the stratum granulo-
sum contain characteristic keratohyalin granules (Figure
2-12). The keratinocytes are programmed to fill with keratin;
the keratohyalin granules contain proteins (profilaggrin,
keratin, and loricrin) that facilitate the process (Freinkel and
Woodley, 2001, p 23). The lamellar granules become active
as the cells reach the upper portion of the stratum granu-
losum. The lamellar granules release their lipid content
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into the space between the cells. The lipids coat the cells,
providing the skin with a hydrophobic barrier (Freinkel and
Woodley, 2001, p 24).

2.2.6.4 Stratum Lucidum. The keratinocytes undergo an
abrupt transition to the stratum lucidum. The cells are kera-
tinized and have completed their programmed cell death
(Freinkel and Woodley, 2001, p 24). Although the cells are
no longer living, chemical activity continues inside the cells
as the final modifications are made to the keratin.

2.2.6.5 Stratum Corneum. \\ith layer upon layer of non-
viable, terminally differentiated keratinocytes, the stratum
corneum is the significant epidermal layer that allows skin
to act as a major barrier. The arrangement of keratinocytes
is described as a “brick-and-mortar model” The keratin-
filled cells (bricks) are surrounded by the lipids (mortar)
secreted while the cells were in the stratum granulosum
(Freinkel and Woodley, 2001, p 25). Although they are dead,
the cells of the stratum corneum continue to undergo
modification as they are pushed from the deeper portion of
the stratum corneum to the surface of the skin. The cells

in the deeper portion of the stratum corneum are thicker
and have more densely packed keratin, a weaker cell



membrane, and more cell-to-cell attachments (Freinkel and
Woodley, 2001, p 25). As the cells are pushed toward the
surface, the cell membrane becomes more rigid and the
desmosomes are degraded. These changes allow the cells
to shed when they reach the surface (Figure 2-13).

2.2.7 Nonkeratinocytes

Communication of the keratinocytes with the melanocytes,
Langerhans cells, and Merkel cells is necessary for the skin
to function properly.

Melanocytes produce the pigments that are deposited
into the keratinocytes. This pigment, melanin, protects the
genetic material of the keratinocytes from ultraviolet dam-
age (Junqueira and Carneiro, 2003, p 374). Melanocytes
reside in the basal layer of the epidermis and, in addition
to providing the surrounding keratinocytes with melanin,
produce vitamin D.

The Langerhans cells are an extension of the body'’s
immune system. Upon exposure to invading bacteria,
Langerhans cells initiate an alert that causes the body to
recruit more aggressive immune cells (T cells) to attack the
invaders (Freinkel and Woodley, 2001, p 30).

The Merkel cells are an extension of the nervous system
and participate in the transmission of the sensation of
touch: “shape, size, and texture of objects and two-point
discrimination” (Dillion et al., 2001, p 577). Merkel cells oc-
cur sporadically in the basal layer of the epidermis and are
associated with free nerve endings from the dermis.

2.2.8 Dermis

2.2.8.1 Papillary Dermis. The dermis is the connective
tissue that supports the epidermis and binds it to the

FIGURE 2-13

Surface of the friction ridges showing the
cells shedding from the surface. (Reprinted
with permission from Montagna and Parakkal
(1974), p 25.)

hypodermis. The dermis is composed of two layers: the
papillary layer and the reticular layer. The outer papillary lay-
er is a loose connective tissue containing anchoring fibrils
and numerous dermal cells. The anchoring fibrils secure the
dermis to the epidermis via the basement membrane zone.
The papillary layer of the dermis forms the dermal papillae.

2.2.8.2 Dermal Papillae. Dermal papillae are malleable,
peglike projections of the papillary dermis between the
primary and secondary ridges. The malleable nature of the
dermal papillae is important because the epidermal-dermal
junction remodels with age and in response to sheering
stress on the surface of the skin (Misumi and Akiyoshi,
1984, p 53; Chacko and Vaidya, 1968, p 107). During the
remodeling, the epidermis forms sheets of tissue that
cross-link adjacent primary and secondary ridges. These
sheets of tissue are called anastomoses. As the epidermal
anastamoses form, the dermal papillae are molded into
increasingly more complex structures (Hale, 1952, p 153).
The detail of Figure 2-14 illustrates the dermal papillae and
anastomoses. The formation of dermal papillae and epider-
mal anastomoses increases the surface area of attachment
between the epidermis and dermis, thereby increasing the
bond between the epidermis and dermis.

2.2.8.3 Reticular Dermis. The reticular dermis is a compact
connective tissue containing large bundles of collagen and
elastic fibers. The organization of these fibers provides the
dermis with strength and resilience (Freinkel and Woodley,
2001, p 38). The reticular dermis is connected to the hypo-
dermis by a network of fibers.

2.2.8.4 Circulatory System of the Dermis. There are

two plexuses of arterial blood vessels in the dermis. One
plexus lies between the papillary and reticular dermis and
the other between the reticular dermis and the hypodermis

2-1
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FIGURE 2-14

Cross section of friction ridge
skin with detail of the epidermis
separated from the dermis to
display the dermal papillae

and complementary epidermal
anastomoses.

FIGURE 2-15

Circulation system of the skin.
(Adapted with permission
from Freinkel and Woodley
(2001), p 177)

(Jungueira and Carneiro, 2003, p 376). Capillaries extend
from the arterial plexus and into the dermal papillae to
form the dermal papillary loop (Figure 2-15) (Freinkel and
Woodley, 2001, p 38).

Blood passes from the arterial capillaries in the dermal
papillae to the venous capillaries. Veins are organized into
three plexuses: one associated with each arterial plexus
and a third plexus in the middle of the reticular dermis
(Junqueira and Carneiro, 2003, p 376).

2.2.8.5 Nervous System of the Dermis. A vast network
of sensory and autonomic nerve branches innervates the
dermis. The autonomic nerve network is responsible for
controlling blood flow and glandular secretions (sweat).
The sensory system contains receptors for sensations:
touch, temperature, pain, and itch (Freinkel and Woodley,
2001, p 153). The dermis participates in sensory percep-
tion via free nerve endings, Meissner corpuscles, Ruffini
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corpuscles, and Pacinian corpuscles. Free nerve endings
and Meissner corpuscles are found in the dermal papillae.
Free nerve endings are found in each dermal papilla and
provide a rapid response to stimuli (Freinkel and Woodley,
2001, p 157). Meissner corpuscles (Figure 2-16) are found
in about every fourth papilla and function as touch recep-
tors (Freinkel and Woodley, 2001, p 160). Pacinian and
Ruffini corpuscles are located throughout the dermis and
also function in the transmission of pressure (Freinkel and
Woodley, 2001, p 158).

Although the skin produces several appendages (e.g., hair,
nails, sebaceous glands), the eccrine sweat gland is the
only appendage of the friction ridge skin. Eccrine sweat
glands are found all over the body surface and function
primarily in thermoregulation. The sweat glands do not
function individually but rather as groups or simultaneously
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Section of palm skin showing Meissner’s
corpuscle in a dermal papilla. Magnification
=100 X. (Reprinted with permission from
Eroschenko (1993), p 127)

FIGURE 2-17

over the entire surface of the body (Freinkel and Woodley,
2001, p 47). The sweat glands of the palms and soles are
larger, more active, and denser than in any other area

of skin. Figure 2-17 is an image of the friction ridge skin
sweating.

Eccrine sweat glands are classified as simple tubular
glands whose ducts open at the skin surface (Jungueira
and Carneiro, 2003, p 380). As shown in Figure 2-18,

the coiled secretory portion of the gland is embedded in
the dermis or hypodermis, and the duct extends through
the epidermis. The fluid secreted by the eccrine sweat
glands is predominantly water (99.0-99.5%) (Freinkel and
Woodley, 2001, p 71). The remaining constituents of sweat
include sodium chloride, potassium, ammonia, urea, lac-
tate, uric acid, creatinine and creatine, amino acids, sugars,
immunoglobulin A, epidermal growth factor, and select

Sweat emitting from the pores on the friction
ridge skin. (Reprinted with permission from
Montagna and Parakkal (1974), p 381.)

hormones, enzymes, and vitamins (Freinkel and Woodley,
2001, p 71).

2.2.10 Hypodermis

Beneath the fibrous reticular dermis there is an abrupt
transition to the adipose tissue of the hypodermis. Adipose
(fat) tissue serves as an energy reserve, cushions the

skin, contours the body, and allows for mobility of the skin
over underlying structures (Freinkel and Woodley, 2001, p
39). The dermis and hypodermis are physically connected
through interlocking fibers and share blood vessel and
nerve networks (Freinkel and Woodley, 2001, p 39). The
primary cell of the hypodermis is the adipocyte. Adipocytes
are organized in lobules by fibrous connective tissue and
store the subcutaneous fat.



FIGURE 2-18

Sweat gland. (Reprinted with
permission from Eroschenko
(1993), p 129.)

2.3 Physiology

The epidermis exists in a dynamic, steady state. Cells lost
at the surface must be replaced (dynamic) in order for

the skin to maintain (steady) its protective barrier (state).
The concept of keeping things the same despite constant
input and output of materials and energy is referred to as
homeostasis. Homeostasis is defined as “the condition in
which the body’s internal environment remains relatively
constant, within physiological limits” (Tortora and Grabows-
ki, 1993, p 9). Homeostasis is critical to the functioning of
all organisms. Homeostasis of the skin is achieved through
physical attachments and the careful regulation of cell pro-
duction in the stratum basale via cell communication.

There are structural features of the overall skin and of the
skin cells that maintain the structure of the epidermis (even
though skin cells are always sloughing at the surface). There
are three levels of attachment in the friction ridge skin: the
primary/secondary ridge attachment with anastomoses, the
basement membrane zone, and cell-to-cell attachments.

2.3.1.1 Primary and Secondary Ridges. The first level

of attachment is the topography at the junction of the
epidermis and dermis. The alternating system of primary
and secondary ridges on the bottom of the epidermis pro-
vides general structural support for the surface ridges and
furrows. The sweat glands of the primary ridges are firmly
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1 Excretory duct
(in epidermis)

6 Excretory duct
(in epidermis)

7 Excretory duct

(in epidermis)

2 Excretory duct
(in epidermis)

8 Secretory portion

attached in the dermis or hypodermis. Additional reinforce-
ment of this system is provided by dermal papillae and
epidermal anastomoses.

2.3.1.2 Basement Membrane Zone. The second level of
attachment is the basement membrane. The basement
membrane is a fibrous sheet that attaches the basal
keratinocytes of the epidermis to the underlying dermis.
The basement membrane is generated by the basal
keratinocytes of the epidermis and the fibroblasts of the
dermis. The basal cells of the epidermis have specialized
attachment plaques, termed hemidesmosomes, which
project fibers down toward the dermis. The dermis projects
anchoring fibers back up toward the epidermis. These
fibers originating from the epidermal basal cells and from
the dermis are interwoven to create the fibrous sheet that
locks the epidermis to the dermis. The hemidesmosomes
and interlocking fibers prevent the basal cells from migrat-
ing. The basal keratinocytes are locked down to their posi-
tion in the epidermis.

2.3.1.3 Cell-to-Cell Attachments. The third level of
attachment consists of the cell-to-cell attachments of

the keratinocytes throughout the layers of the epidermis.
Desmosomes and focal tight junctions attach the kerati-
nocytes to one another. Desmosomes are reinforced as
the cells move from the basal layer to the surface. Upon
reaching the outer portion of the stratum corneum, the
desmosomes and focal tight junctions are broken down to
release the cells from the surface.



FIGURE 219

2.3.2 Cell Communication

Skin must maintain the protective barrier while existing in

a dynamic steady state (i.e., cells leaving the surface must
be replaced). The rate at which basal cells divide in the basal
layer must coincide with the rate at which cells are leav-

ing at the surface. There must be a mechanism in place to
control the rate of cell division of the basal keratinocytes and
to monitor the thickness of the skin. This mechanism is cell
communication. The keratinocytes are in constant communi-
cation with one another and with the melanocytes, Langer
hans cells, and Merkel cells. The keratinocytes are also in
communication with the rest of the body via the dermis.

2.3.2.1 Gap Junctions. Rapid communication between
cells is achieved via gap junctions. Gap junctions are con-
nections between the cell membranes of adjacent cells
that permit the direct exchange of small molecules, ions,
and hormones. Figure 2-19 contains a diagram and an
electron micrograph of a gap junction between cells. Rapid
communication via gap junctions results in the keratino-
cytes acting in a coordinated manner rather than as inde-
pendent units (Junqueira and Carneiro, 2003, p 72).

2.3.2.2 Cell Surface Receptors. In addition to the direct
cell-to-cell communication through gap junctions, cells
also have modified proteins embedded in the outer mem-
brane that can respond to signals sent through the blood
or from other cells in the epidermis. When a signal mol-
ecule binds to the outer surface of the membrane protein,
it causes a cascade of reactions inside the cell to elicit the
appropriate response.

2.3.3 Regulation of Keratinocyte Proliferation

2.3.3.1 Cell Cycle. Cell communication is necessary for
monitoring and adjusting the rate at which the basal cells
divide. The cell cycle describes the stages of DNA replica-
tion and cell division. The five phases of the cell cycle are
represented as GO, G1, S, G2, and M. G1 is the time gap

(A) Model of a gap junction demonstrating the
channels that connect the cells; (B) SEM of gap
junction between two rat liver cells. Magnification
=59,000 X. (Reprinted with permission from
Junqueira and Carneiro (2003), p 74.)

that occurs after the cell has divided and before the cell
begins replication of its DNA for the next division. G1 is
the resting period between mitoses. The duration of G1 is
the most variable phase of the cell cycle, and modifications
to its duration greatly influence the number of basal cells
produced (Freinkel and Woodley, 2001, p 202). During G1,
the cell reaches a critical restriction point and monitors con-
ditions to determine whether it will enter the next phase of
the cell cycle, the S phase, synthesis. During the S phase,
the cell replicates its DNA, a process that takes about 8-12
hours (Freinkel and Woodley, 2001, p 202).

Once replication of the DNA is complete, the cell enters a
second gap phase, G2, for approximately 8 hours. During

the G2 phase, the cell reaches a second critical restriction
point and evaluates the results of DNA replication before

entering mitosis (Freinkel and Woodley, 2001, p 203). The

M phase, mitotic phase, is the physical division of the cell
into two, each containing a complete copy of the DNA.

Upon completion of mitosis, the basal cells may enter
into G1 and continue the cell cycle or they may enter GO.
Basal cells entering GO are no longer cycling but may re-
enter the cell cycle upon receipt of the appropriate signal
(Freinkel and Woodley, 2001, p 203). The new cells cre-
ated by the basal cells will either withdraw from the cell
cycle and begin differentiation or cycle a few more times
(transient amplifying cells) before differentiating. The cells
that have started to differentiate are the cells entering the
stratum spinosum.

2.3.3.2 Regulation of Cell Cycle. There are many opportuni-
ties throughout the cell cycle to regulate the rate at which
the basal cells undergo mitosis. Signals that stimulate prolif-
eration are received via cell surface receptors. These signals
include hormones, proteins, ions (particularly calcium), and
vitamins A and D. Once received, the signal triggers the
production of two types of partnered proteins inside the cell:
cyclins and cyclin-dependent kinases (Freinkel and Woodley,
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2001, p 205). The kinases are responsible for advancing the
cells through the G1 and G2 phases of the cell cycle. The
kinases must bind the appropriate cyclins to accomplish this
task. Cyclins are short-lived, unstable proteins. By control-
ling the availability of cyclins, the ability of the kinases to
progress the cells through mitosis is also controlled.

Calcium is also important for a cell’'s progression through
the cell cycle. Calcium binds to a small protein, calmodulin.
The calcium—calmodulin complex is a necessary com-
ponent of the spindle apparatus that separates the two
copies of the DNA produced during the S phase of the cell
cycle. Calmodulin also makes structural changes inside the
cell to induce replication of the DNA during the S phase
(Freinkel and Woodley, 2001, p 204).

2.3.3.3 Inhibitors of Mitosis. If the basal cells are respon-
sible for balancing the number of cells produced with the
number of cells leaving the surface, there must be some
mechanism for them to “know” how many cells are in the
outer layers so they can shut down production as needed.
This process, common to all living organisms, is called a
feedback mechanism.

As the keratinocytes are pushed toward the surface, they
undergo radical changes in their internal and external
biochemistry. When the cells reach the stratum granulo-
sum, they release the contents of the lamellar granules

to provide the “mortar” between the cells. Molecules
released by the differentiating cells, referred to as cha-
lones, diffuse through the intercellular spaces and eventu-
ally reach the basal cells (Freinkel and Woodley, 2001, p
205). The basal cells, via cell surface receptors, monitor the
concentration of chalones. The more cells that differentiate,
the higher the concentration of chalones. If the concentra-
tion becomes too high, the chalones signal the basal cells
to halt the cell cycle. In this manner, the chalones provide
feedback to the basal cells regarding the number of
differentiating cells in the outer layers.

2.3.3.4 Genetics of Cell Cycle Regulation. Stimulatory
signals and inhibitory signals act on oncogenes and tumor
suppressor genes, respectively. Oncogenes are the genes
that, when translated, generate the proteins necessary

for a cell to undergo mitosis. Tumor suppressor genes are
genes whose protein products inhibit mitosis. An example
of the cell cycle genetic regulation in the epidermis would
be as follows: (1) the basal cells bind a stimulatory hormone
on a cell surface receptor; (2) a cascade of reactions takes
place inside the cell that results in the genes for cyclins
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being translated; (3) the production of cyclins activates the
kinases, pushing the cells through mitosis; (4) the concentra-
tion of chalones rises as the newly generated cells differenti-
ate; (b) chalones diffuse to the basal cells and bind to the
appropriate cell surface receptor; (6) a cascade of reactions
inside the cells results in the translation of a tumor suppres-
sant gene; and (7) the resultant suppressor protein binds to
and inactivates the kinases, thereby halting the cell cycle.

2.4 Persistence of the Friction
Ridge Skin

The friction ridge skin persists because of the physical
attachments throughout the skin and the regulation of
keratinocyte production and differentiation. The three-
dimensional morphology of the surface ridge is maintained
by the combination of increased cell production in the
suprabasal layer of the primary ridges (underthe-surface
ridges) and the enhanced anchorage of the basal cells in
the secondary ridges (underthe-surface furrows). The basal
layer of keratinocytes provides the template for the surface
ridges and furrows. Cell communication ensures that basal
cell proliferation is stimulated and inhibited in a coordinated
manner. As the basal keratinocytes divide, the cell-to-cell
attachments ensure that the cells move toward the surface
in concert.

Aging is defined by Dr. Barbara Gilchrest as “an irrevers-
ible process which begins or accelerates at maturity and
which results in an increasing number and/or range of
deviations from the ideal state and/or decreasing rate of
return to the ideal state” (Gilchrest, 1984, p 5). The friction
ridge skin, although durable, undergoes subtle changes as
a person ages. The arrangement of the friction ridges does
not change; the ridges and furrows maintain their position
in the skin. Advancing age has two effects on the friction
ridge skin: (1) the surface ridges tend to flatten, making
them appear “less sharp” (Okajima, 1979, p 193), and (2)
loss of elasticity in the dermis causes the skin to become
flaccid and to wrinkle.

2.4.1.1 Flattened Ridges. The friction ridges tend to flatten
because of a combination of atrophy of the epidermis and
remodeling of the dermal papillae. The remodeling of the
dermal papillae is the most striking change in the friction
ridge skin. Dermal remodeling continues throughout an
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individual's lifetime and varies across the surface of the
palm and sole, depending on how much sheering stress
has occurred in that particular area. Chacko and Vaidya
(1968, p 105) describe three categories of dermal papillae
(DRI, DRII, and DRIII) based on the increasing complexity
and branching of the papillae. All three types of dermal pa-
pillae are found across the palm and sole but show greater
variation on the palm (Chacko and Vaidya, 1968, p 107).
The greater variation on the palm is attributed to the wider
range of uses of the hand compared to the foot.

In Figures 2-20 and 2-21, the epidermis has been re-
moved and the dermal papillae stained with toluidine blue
(Okajima, 1975, p 244). The dark-stained areas of Figures
2-20 and 2-21 are the tips of the dermal papillae. Figure
2-20 is the dermal surface of a 30-week-old fetus. Typi-
cal of fetal skin, the dermal papillae are arranged in a very
orderly double row under each surface ridge.

As the skin ages and is exposed to sheering stress, the
existing dermal papillae branch out, and new small papil-
lae form to increase the adhesion of the epidermis to the
dermis (Misumi and Akiyoshi, 1984, p 49). Figure 2-21

is the dermal surface of an adult finger. The number of

dermal papillae tends to increase with age, and the papillae
become more crowded.

Occasionally, new dermal papillae will also form underneath
the furrows of the surface ridges (below the secondary
ridges). Dermal papillae that form underneath the surface
furrows can range from short and "“pebble-like” to the
same size as the dermal papillae under the surface ridges
(Okajima, 1979, p 193). As the dermal papillae under the
furrows become larger, the surface ridges become flatter.
Flattening of the surface ridges usually occurs with age
(Okajima, 1979, p 193).

The increase in the complexity and number of dermal papil-
lae as a person ages is not reflected in the configuration

of the surface ridges and furrows (Misumi and Akiyoshi,
1984, p 53). The epidermis responds to the dermal papillae
by forming complementary anastomoses to attach to the
branching papillae. The dermal papillae/epidermal anasto-
moses formation does not affect the basal layer of kerati-
nocytes. That layer is buffered from the dermal changes by
the basement membrane and continues to reproduce the
surface ridges.
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The effects of age on the epidermis also contribute to the
flattening of the surface ridges; however, that impact is sig-
nificantly less compared to the changes in the dermis. The
epidermis maintains the thickness of the stratum corneum
throughout an individual’s lifetime (Lavker et al., 1987 p
48). This is necessary, considering the role of the epidermis
as the outer protective barrier. The capacity of the basal ke-
ratinocytes to proliferate, however, decreases by 30-50%
from the age of 30 to the age of 80 (Gilchrest, 1984, p 21).
The slower rate of proliferation results in a thinning of the
living layers of the epidermis (stratum basale, stratum spi-
nosum, and stratum granulosum) (Lavker, 1979, p 60).

The remodeling of the dermal papillae, particularly when
the dermal papillae form underthe-surface furrows, and the
overall thinning of the epidermis contribute to the flatten-
ing of the surface ridges that occurs naturally with age. The
flattening of the ridges does not affect the sequence and
lengths of the surface’s ridges and furrows. However, as
the ridges flatten, it may be increasingly difficult to follow
the ridges and furrows in an impression of the friction ridge
skin. Flattening may also diminish the visibility of the edges
and contours of the ridges in an impression of the friction
ridge skin. It should be noted that the friction ridge skin is
quite durable and that the flattening of the ridges occurs
slowly, over the course of several decades.

2.4.1.2 Wrinkles. \\rinkles are the result of mechanical
changes that take place in the skin as it ages (Kligman
etal., 1985, p 41). In other words, there are no special
structures formed by the epidermis or dermis at the site of
a wrinkle (Kligman et al., 1985, p 40). The overall changes
that take place in the skin, particularly in the dermis, as a
person ages alter the mechanical properties of the skin.
The dermis thins as the network of collagen and elastin
fibers becomes compacted. Additionally, the collagen
starts to unravel, and the elastin fibers lose their elasticity.
The compaction and degradation of the fiber networks in
the dermis causes the skin to be “less stretchable, less
resilient, more lax, and prone to wrinkling” (Lavker et al.,
1989, p 65). The skin becomes loose and simply folds in on
itself, creating a wrinkle.

The friction ridge skin persists throughout an individual’s
lifetime. The morphology of the friction ridges can be
altered only if the basal keratinocyte template is altered.
Figures 2-22 through 2-30 are diagrams of a skin model
that demonstrate the cellular response of the keratinocytes
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to a wound. Figure 2-22 shows the intact skin, and Figure
2-23 illustrates the skin after injury. Upon assault, kerati-
nocytes have been removed and damaged, and the dermis
has been injured.

Injury causes the basal keratinocytes to undergo remark-
able changes in their structure and physiology to repair the
wound. The scar formed by the process of repair results

in a new, unique, and persistent feature of the friction
ridge skin. The process of wound healing is broken down
into three phases, although there is considerable overlap:
inflammation, proliferation and tissue formation, and tissue
remodeling.

2.4.2.1 Phase I: Inflammation. Inflalmmation begins imme-
diately after the injury. The disruption of the blood vessels
in the dermis causes blood to spill into the surrounding
tissue. The platelets from the blood direct the clotting of
the blood and send out signals to recruit cells from the
immune system and the cells of the dermis (Freinkel and
Woodley, 2001, p 282). The immune cells kill bacteria and
scavenge damaged cells. The dermal cells (fibroblasts)

are concentrated in the wound area to repair the dermis.
Additionally, endothelial cells (cells from the blood vessels)
begin to repair the damaged blood vessels. It should be
noted that the repair of the dermis and epidermis occurs
underneath the formed blood clot, although the blood clot
is not shown in the following diagrams.

2.4.2.2 Phase lI: Proliferation and Tissue Formation. As
the fibroblasts and endothelial cells continue to repair the
dermis, the basal keratinocytes on the edge of the wound
take control of the healing process to start Phase Il. As a
result of the injury, the basal keratinocytes are suddenly
exposed to the dermis by disruption of the basement
membrane. Contact with the dermis causes the basal
keratinocytes to undergo dramatic changes: The desmo-
somes and hemidesmosomes dissolve, actin filaments
form inside the periphery of the cell, and pseudopodia
(footlike projections) are extended from the cell (Rovee and
Maibach, 2004, p 61).

The dissolution of the desmosomes and hemidesmo-
somes releases the basal keratinocytes from their firm at-
tachments. The actin filaments, which act like miniature cell
muscles, and the pseudopodia allow the skin cells to crawl
across the wound. As the basal keratinocytes at the edge
of the wound crawl, the basal keratinocytes behind them
divide to create additional cells to help cover the wound
(Rovee and Maibach, 2004, p 61).
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Epidermis

FIGURE 2-22

Intact keratinocyte layers.

Dermis

FIGURE 2-23

Injured skin.

Dermis

FIGURE 2-24

Repair of the dermis and start of migration of
basal keratinocytes at the edge of the wound.

Migrating basal keratinocytes

Dermis

.

As the opposing sheets of basal keratinocytes move
toward one another, the dermis contracts the wound bed
to shorten the distance keratinocytes have to migrate to
cover the wound (Darby and Hewitson, 2007, p 145). In
the friction ridge skin, this contraction creates the classic
puckering of the ridges at the scar site. Figure 2-24 dem-
onstrates the repair of the dermis and the beginning of the
basal keratinocyte migration. Figure 2-25 demonstrates
the puckering of the skin surface as the keratinocytes mi-
grate and the dermis contracts to close the wound. Figure

2-25 also demonstrates the proliferation of the basal kerati-

nocytes behind the migrating cells.

When the leading cells of migrating basal keratinocytes
contact each other, they form gap junctions (Flaxman and
Nelson, 1974, p 327). These gap junctions reestablish
communication. The keratinocytes stop migrating and
begin reconstituting the basement membrane (including
hemidesmosomes) and the desmosomes and tight junc-
tions between the keratinocytes. Once the basal layer is
reestablished, the basal keratinocytes begin dividing, and
the upward migration of cells occurs until the appropriate
skin thickness is attained (Rovee and Maibach, 2004, p 64).
Figures 2-26 through 2-30 illustrate the basal keratino-
cytes reforming the layers of the epidermis.
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Epidermis

Continued migration of basal
keratinocytes and production of

new keratinocytes. Dividing basal keratinocytes

Dermis

FIGURE 2-26

Migrating basal keratinocytes meet
in the middle of the wound and
reconstitute the basement membrane.

FIGURE 2-27

Newly formed basal layer
begins dividing to reconstitute
the upper layers.

Epidermis

Once the appropriate barrier has been formed, the scab
formed by the blood clot during Phase | is released, and
the skin returns to its normal physiological state. The
friction ridges are not reconstituted. The new basal layer of
keratinocytes covering the wound forms the new template
for the epidermis at that site. No primary or secondary
ridges are formed; consequently, the epidermis does not
regenerate the surface ridges and furrows. Additionally,
sweat glands are not re-formed. When the sweat glands
are damaged as a result of the injury, the cells of the gland
also migrate to cover the wound, and the glands are lost
(Freinkel and Woodley, 2001, p 284).

2.4.2.3 Phase lll: Tissue Remodeling. Once the epidermis
has resurfaced, Phase Ill begins in the dermis. The dermis
continues to remodel and reinforce the scar tissue for
weeks or months after the injury (Freinkel and Woodley,
2001, p 292).

2.4.2.4 Friction Ridge Skin Wound Healing Model. Fig-
ures 2-31 through 2-40 are diagrams created to illustrate
wound healing in friction ridge skin. The skin undergoes the
same series of events described above, but this model will
focus on the layers, rather than the cells, as the skin heals.
The layers of the epidermis are colorcoded the same as
Figure 2—-4 (stratum corneum—yellow, stratum lucidum
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FIGURE 2-28

kpidermis

Keratinocytes undergo differentiation
as they are pushed toward the surface.

FIGURE 2-29

Epidermis

Dermis

Continued differentiation of the keratinocytes.

FIGURE 2-30

—orange, stratum granulosum—red, stratum spinosum—
dark pink, stratum basale—blue, dermis—light pink), and
the friction ridge skin is viewed from three-dimensional and
aerial perspectives.

2.4.2.5The Outer Surface of Scars and the Resultant
Impressions. The formation of the scars explains what is
seen on the skin and subsequently on the impressions left
by the skin. Scars may appear as a void, or may contain
partial voids, in an impression because all or part of the
newly formed epidermis sits below the level of the surface
ridges. Like friction ridges, scars are three-dimensional
structures with surface contours and edges. Also like the

New epidermis is completely formed.

friction ridges, the features of the scars will have some
variability in appearance, depending on deposition pres-
sure and movement. Figure 2-41 (p 2-24) is an image of
a finger bearing a mature scar and an inked impression of
the same finger.

2.4.2.6 Uniqueness of Scars. Scars are unigue for the
very same reason the friction skin is unique: developmen-
tal noise (i.e., chance events that occur during develop-
ment). Richard Lewontin, research professor at Harvard
University, describes developmental noise in the following
manner: “Wherever cell growth and division are involved,
we can expect such noise to contribute its effects. The
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FIGURE 2-31

Intact friction ridge skin.

FIGURE 2-32

Injured friction ridge skin.

FIGURE 2-33

Repair of the dermis.

FIGURE 2-34

Initial migration of basal keratinocytes.

FIGURE 2-35

Continued migration of basal keratinocytes
and pinching of upper layers of skin.
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FIGURE 2-36

Final migration of basal keratinocytes and
reconstitution of the basement membrane.

FIGURE 2-37

Basal keratinocytes begin dividing and new
cells differentiate to form the stratum spinosum.

FIGURE 2-38

Basal keratinocytes continue to divide and
the cells continue to differentiate, forming
the stratum granulosum.

FIGURE 2-39

Formation of the stratum lucidum.

FIGURE 240

Complete repair of the epidermis,
forming a nonridged scar.




FIGURE 2-41
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Mature scar on the
friction ridge skin and the
resulting impression with

ink (position reversed).
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Known prints of a subject
taken in July 1990 and
September 2004.

exact placement of hair follicles on our heads, the distribution
of small moles on our bodies, a hundred such small details
of our morphology, are largely under the influence of such
random events in development” (Lewontin, 1995, p 26).

When the friction ridges are forming on the fetus and
when the basal keratinocytes are activated by an injury,
they are under the influence of developmental noise. The
cells are rapidly proliferating and are tasked with forming
the fetal skin or reconstituting injured skin. These cells are
guided but not given specific instructions on their position
in the epidermis. In the case of an injury, the cells rapidly
proliferate and migrate. The reconstitution of the stratum
basale (the new template for the surface) and the effects
on the surrounding epidermis (pinching) are the result of
this guided, yet random, process. Two injuries cannot dupli-
cate the same scar (Maceo, 2005, p 160).

2.4.2.7 Persistence of Scars. Scars persist for the same
reason that the friction ridges persist: attachment sites and
regulation of keratinocyte mitosis. The basal keratinocytes
regenerate the basement membrane, reestablishing the
attachment of the epidermis to the dermis. The keratino-
cytes also reestablish the cell-to-cell attachments: des-
mosomes and tight junctions. The keratinocytes resume
communication with each other; with the melanocytes,
Langerhans, and Merkel cells; and with the dermis.

Communication allows for homeostatic regulation of cell
division in the basal layer, ensuring that the epidermis
retains its appropriate thickness. As the cells divide, they
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move outward in concert and maintain the surface features
of the scar (Maceo, 2005, p 160). The impressions in Figure
2-42 were taken more than 14 years apart and demon-
strate the persistent nature of scars.

2.4.2.8 Comparison of Impressions Bearing Scars. The
use of scars in the comparison of friction ridge impressions
has the same basis, and follows the same application, as
the use of friction ridges. Once formed, scars are unique
and persistent. When an impression of the skin is made,
the features of the scar will be reproduced at varying levels
of clarity. The clarity of the detail in the impression may re-
veal the overall configuration of the scar, the position (path)
of the scar in the skin, and detailed edge shapes of the
scar. This detail makes the scar itself useful in the examina-
tion of friction ridge impressions.

2.5 Conclusion

The persistence of the friction ridge skin is explained by
the physical attachments of the skin and by the regulated
replacement of cells lost at the surface of the skin. The
persistent nature of the friction ridge skin makes it an ideal
anthropological feature to use as a means of identifying
individuals. The structure of the skin also provides a mecha-
nism through which to describe distortion. Variation in

the appearance of friction ridge impressions is due to the
flexibility of the skin. Understanding that the skin distrib-
utes pressure into the more flexible furrows offers valuable
insight during the analysis of friction ridge impressions.
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Despite its durability, the friction ridge skin is subject to
injury and aging. Understanding the aging process provides
a basis for variation in appearance of impressions from the
same source taken many years apart. Aging processes are
particularly critical when explaining the loss of the minute
details along the edges of the ridges and the existence

of wrinkles. The response of the skin to an injury and the
later maintenance of the newly formed skin (scar) provide a
basis for the unique features and persistence of scars. The
unique and persistent nature of scars allows for their use
during the examination of friction ridge impressions. The
manner in which skin injuries heal provides an explanation
for the variation in appearance of impressions of the skin
before and after the injury.

To rely upon the friction ridge skin as a means to identify
people, it is necessary to understand why the impressions
of the friction ridge skin can be used and what the physical
limitations of the friction ridge skin are. If the variation in
appearance between two impressions of the friction ridge
skin goes beyond the physical limitations of the skin, the
impressions cannot be from the same source.

2.6 Reviewers

The reviewers critiquing this chapter were Jeffrey G.
Barnes, Patti Blume, Mary Ann Brandon, BrentT. Cutro, Sr.,
Lynne D. Herold, Andre A. Moenssens, Michelle L. Snyder,
John R. Vanderkolk, and Kasey Wertheim.
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< CHAPIER 3
EMBRYE LOGY AND 3.1 Introduction

Friction ridge skin has unique features that persist from

IVI 0 R PHU LU GY 0 F before birth until decomposition after death. Upon contact

with a surface, the unique features of friction ridge skin may
FR ICTI 0 N R I D G E SKI N leave an impression of corresponding unigue details. Two
impressions can be analyzed, compared, and evaluated,
and if sufficient quality and quantity of detail is present (or
KASEY WERTHEIM lacking) in a corresponding area of both impressions, a com-
petent examiner can effect an individualization or exclusion
(identify or exclude an individual). The analysis, comparison,
evaluation, and verification (ACE-V) methodology, combined
with the philosophy of quantitative—qualitative examinations,
provide the framework for practical application of the friction
ridge examination discipline. But at the heart of the disci-
pline is the fundamental principle that allows for conclusive
determinations: the source of the impression, friction ridge
skin, is unigue and persistent.

Empirical data collected in the medical and forensic com-
munities continues to validate the premises of uniqueness
and persistence. One hundred years of observations and
statistical studies have provided critical supporting docu-
mentation of these premises. Detailed explanations of the
reasons behind uniqueness and persistence are found in
specific references that address very small facets of the
underlying biology of friction ridge skin. This chapter brings
together these references under one umbrella for the la-
tent print examiner to use as a reference in understanding
why friction ridge skin is unique and persistent.

The basis of persistence is found in morphology and
physiology; the epidermis faithfully reproduces the three-
dimensional ridges due to physical attachments and
constant regulation of cell proliferation and differentiation.
But, the basis of uniqueness lies in embryology; the unique
features of the skin are established between approximately
10.5 and 16 weeks estimated gestational age (EGA) due to
developmental noise.

|
I
| 3-3
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3.2 Embryology: Establishing
Uniqueness and Pattern Formation
in the Friction Ridge Skin

The uniqueness of friction ridge skin falls under the larger
umbrella of biological unigueness. No two portions of any
living organism are exactly alike. The intrinsic and extrinsic fac-
tors that affect the development of any individual organ, such
as human skin, are impossible to duplicate, even in very small
areas. The unigueness of skin can be traced back to the late
embryological and early fetal development periods.

The process of embryological development begins with fer-
tilization of the egg and continues through a period of rapid
cell division called “cleavage” In mammalian eggs, an inner
cell mass is concentrated at one pole, causing patterned al-
terations during cleavage. Although egg cells contain many
different substances that act as genetic signals during early
embryological development, these substances are not dis-

tributed uniformly. Instead, different substances tend to be
clustered at specific sites within the growing embryo. Dur

ing growth, signal substances are partitioned into different

daughter cells, endowing them with distinct developmental
instructions. In this manner, the embryo is prepatterned to

continue developing with unique cell orientation.

The first visible results of prepatterning can be seen
immediately after completion of the cleavage divisions

as different genes are activated. Certain groups of cells
move inward toward the center of the sphere in a carefully
orchestrated migration called “gastrulation” This process
forms the primary tissue distinctions between ectoderm,
endoderm, and mesoderm. The ectoderm will go on to
form epidermis, including friction ridge skin; the mesoderm
will form the connective tissue of the dermis, as well as
muscle and elements of the vascular system; and the
endoderm goes on to form the organs.
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Once specialized, the three primary cell types begin their
development into tissue and organs. The process of tissue
differentiation begins with neurulation, or the formation of
the notochord (the precursor to the spinal cord and brain)
as well as the neural crest (the precursor to much of the
embryo’s nervous system). Segmented blocks of tissue
that become muscles, vertebrae, and connective tissue
form on either side of the notochord. The remainder of the
mesoderm moves out and around the inner endoderm,
forming a hollow chamber that will ultimately become the
lining of the stomach and intestines.

During late embryological development, the embryo
undergoes “morphogenesis’ or the formation of shape.
Limbs rapidly develop from about 4 weeks EGA, and the
arms, legs, knees, elbows, fingers, and toes can all be
seen in the second month. During this time, the hand
changes from a paddlelike form to an adult form, including
the formation of the fingers and rotation of the thumb. Also
during this time, swellings of mesenchyme called “volar
pads” appear on the palms of the hands and soles of the
feet. Within the body cavity, the major organs such as the
liver, pancreas, and gall bladder become visible. By the end
of week 8, the embryo has grown to about 25 millimeters
in length and weighs about 1 gram.

During the third month, the embryo's nervous system and
sense organs develop, and the arms and legs begin to
move. Primitive reflexes such as sucking are noticed, and
early facial expressions can be visualized. Friction ridges
begin to form at about 10.5 weeks EGA and continue to
mature in depth as the embryo passes into the second tri-
mester. From this point on, the development of the embryo
is essentially complete, and further maturation is referred
to as fetal growth rather than embryonic development.

The second trimester is marked by significant growth to
175 millimeters and about 225 grams. Bone growth is
very active, and the body becomes covered with fine hair
called lanugo, which will be lost later in development. As
the placenta reaches full development, it secretes numer
ous hormones essential to support fetal bone growth and
energy. Volar pads regress and friction ridges grow until
about 16 weeks EGA, when the minutiae become set.
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Sweat glands mature, and the epidermal-dermal ridge
system continues to mature and grow in size. By the end
of the second trimester, sweat ducts and pores appear
along epidermal ridges, and the fetus begins to undergo
even more rapid growth.

3.2.6 Third Trimester

In the third trimester, the fetus doubles in weight several
times. Fueled by the mother’s bloodstream, new brain cells
and nerve tracts actively form. Neurological growth contin-
ues long after birth, but most of the essential development
has already taken place in the first and second trimesters.
The third trimester is mainly a period for protected growth.

3.3 Limb Development

3.3.1 Hand Development

During the initial phases of formation, the hand undergoes
significant changes in topography. Until approximately 5-6
weeks EGA, the hand appears as a flat, paddlelike structure
with small protrusions of tissue that will become fingers.
From 6 to 7 weeks EGA, these finger protrusions in the
hand plate begin to form muscle and cartilage that will
become bone at later stages of hand growth (Figure 3-1).

From 7 to 8 weeks EGA, the fingers begin to separate and
the bone begins to “ossify” or harden. By 8 weeks EGA,
the joints begin to form between the bones of the hand,
and the external hand morphology appears similar in pro-
portion to that of an infant.

FIGURE 3-1

Growth of the hand progresses from (A) a paddle-
like form (magnification = 19.5 X), (B) continues as
the fingers separate (magnification = 17.3 X) and
(C) the volar pads become prominent (magnifica-
tion = 7.7 X), and (D) achieves infantlike appearance
by 8 weeks EGA (magnification = 4.2 X). (Reprinted
with permission from Cummins (1929).)

3.3.2 Volar Pad Development

Volar pads (Figure 3-2) are transient swellings of tissue
called mesenchyme under the epidermis on the palmar
surface of the hands and soles of the feet of the human
fetus (Figure 3-3).

The interdigital pads appear first, around 6 weeks EGA,
followed closely in time by the thenar and hypothenar
pads. At approximately 7-8 weeks EGA, the volar pads
begin to develop on the fingertips, starting with the thumb
and progressing toward the little finger in the same radio-
ulnar gradient that ridge formation will follow. Also at
about 8 weeks EGA, the thenar crease begins to form in
the palm, followed by the flexion creases in the fingers at
around 9 weeks EGA (Kimura, 1991).

3.3.3 Volar Pad “Regression”

The pads remain well rounded during their rapid growth
around 9-10 weeks EGA, after which they begin to demon-
strate some individual variation in both shape and position
(Babler, 1987; Burdi et al., 1979; Cummins, 1926, 1929).
During the period from 8 to 10 weeks EGA, thumb rotation
is achieved (Lacroix et al., 1984, p 131). Also at about 10
weeks EGA, the flexion creases of the toes begin forma-
tion, followed at about 11 weeks EGA by the distal trans-
verse flexion crease in the palm, and at about 13 weeks
EGA by the proximal transverse flexion crease in the palm
(Kimura, 1991).

As a result of the volar pads’ slowing growth, their contour
becomes progressively less distinct on the more rapidly
growing surface (Figure 3—-4). This process has been
defined as “regression” (Lacroix et al., 1984, pp 131-133),
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FIGURE 3-2

A low-power scanning electron microscope
view of a fetal hand displaying prominent
digital and palmar volar pads. (Reprinted with
permission from Carlson (1999), p 152.)

FIGURE 3-3

Normally, 11 volar pads develop and
regress on each limb (one on each digit
and six on the larger surface of the palm
or sole). The hypothenar pad of the palm
is divided into distal (Hd) and proximal
(Hp) portions. The first (1) interdigital
volar pad is also divided into two
portions, making a total of 13 potential
elevations on each surface. On plantar
surfaces, the proximal portions of the
hypothenar pad (Hp) and the thenar

pad (Thp) are absent, leaving 11 distinct
plantar elevations. (Reprinted with
permission from Cummins (1929), p 114.)

FIGURE 3-4

Drawings that represent a volar pad from
initial formation until complete regression,
excluding growth of the size of the finger.
Actual EGA values are highly variable and
are included only as approximations in this
figure. (Reprinted with permission from
Wertheim and Maceo (2002), p 61.)
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but it is important to understand that the pad is not actually
shrinking; rather, the volar pads are overtaken by the faster
growth of the larger surrounding surface. The volar pads of
the palm begin to regress as early as 11 weeks EGA,

followed closely by the volar pads of the fingers. By 16
weeks EGA, volar pads have completely merged with the
contours of the fingers, palms, and soles of the feet
(Cummins, 1929, p 117).

3.4 Differentiation of the
Friction Ridge Skin

The primitive epidermis is established at approximately

1 week EGA, when ectoderm and endoderm are sepa-
rately defined. A second layer of epidermis forms at about
4-5 weeks EGA. The outermost of the three layers is the
periderm. The middle layer, which is the actual epidermis,
is composed of basal keratinocytes (named because of the
keratins these cells manufacture). At about 8 weeks EGA,
the basal cells between the epidermis and the dermis
begin to consistently divide and give rise to daughter cells
that move vertically to form the first of the intermediate
cell layers (Holbrook, 1991b, p 64). At this point, the embry-
onic epidermis is three to four cell layers thick, but it is still
smooth on its outer and inner surfaces. Keratinocytes are
tightly bound to each other by desmosomes, and the cells
of the basal layer are attached to the basement membrane
by hemidesmosomes (Holbrook, 1991a, p 5).

The first dermal components to originate from the me-
soderm are fibroblasts. These irregular branching cells
secrete proteins into the matrix between cells. Fibro-
blasts synthesize the structural (collagen and elastic)

FIGURE 3-5

Scanning electron micrograph of a resin cast
of the fine vascularature of the finger of an
85-year-old man shows a complex pattern of
capillary loops in dermal ridges. Approximate
magnification = 150 X (left) and 700 X (right).
(Reprinted with permission from Montagna
et al. (1992).)

components that form the connective tissue matrix of

the dermis. During the period 4-8 weeks EGA, many of
the dermal structures begin formation. Elastic fibers first
appear around 5 weeks EGA at the ultrastructural level in
small bundles of 20 or fewer fibrils (Holbrook, 1991b, pp
64-101). Nerve development occurs in different stages
from 6 weeks EGA onwards. Neurovascular bundles and
axons with growth cones are seen in the developing der
mis as early as 6 weeks EGA (Moore and Munger, 1989,
pp 128-130). In fact, axons can be traced to the superficial
levels of the dermis, and in some cases they almost abut
the basal lamina of the epidermis. By 9 weeks EGA, inner
vation (the appearance of nerve endings) of the epidermis
has begun to occur, although there are some Merkel cells
in the epidermis that are not yet associated with axons.

In embryos older than 10 weeks EGA, Merkel cells are pre-
dominant in the developing epidermis, and their related
axons and neurofilaments are present in the dermis
(Moore and Munger, 1989, p 127; Smith and Holbrook,
1986).

The dermis becomes distinguishable from deeper sub-
cutaneous tissue due largely to a horizontal network of
developing blood vessels. From 8 to 12 weeks EGA, ves-
sels organize from dermal mesenchyme and bring much-
needed oxygen and hormones to the underside of the
developing epidermis. Unlike other epidermal structures,
blood vessels continue to alter with aging, as some capil-
lary loops are lost and new ones arise from the interpapil-
lary network. This continues into late adulthood (Figure
3-5) (Smith and Holbrook, 1986).

A second vascular network forms deep in the reticular der
mis by about 12 weeks EGA. Unlike the developing primary
ridges, the vascular network is not a permanent structure.
There is significant reorganization of capillary beds during
the period 8-20 weeks EGA to keep pace with skin growth;
even after birth, microcirculation continues to form and re-
model (Holbrook, 1991b, p 100; Smith and Holbrook, 1986).
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FIGURE 3-6

A reconstruction of the first
three-dimensional undulations that
occur on the underside of the fetal
volar epidermis at the epidermal-
dermal junction. (Artwork by
Brandon Smithson. Re-drawn

from Hale (1952), p 152.)

FIGURE 3-7

A histological cross section of 10.5-week
EGA fetal volar skin at the onset of rapid
localized cellular proliferation. (Image
provided by William Babler.)

3.5 Primary Ridge Formation

3.5.1 Initiation of Primary Ridge Formation

At around 10-10.5 weeks EGA, basal cells of the epidermis
begin to divide rapidly (Babler, 1991, p 98; Holbrook and
Odland, 1975, p 17). As volar epidermal cells divide, shal-
low “ledges” (Hale, 1952) can be seen on the bottom of
the epidermis. These ledges delineate the overall patterns
that will become permanently established on the volar sur
faces several weeks later (Babler, 1991, p 101; Evatt, 1906).
Primary ridges are the first visual evidence of interaction
between the dermis and epidermis and are first seen form-
ing as continuous ridges (Figure 3-6).

The prevailing theory of events before the visualization

of primary ridge structure involves centers of active cell
proliferation (Figure 3-7), which will become the centers of
sweat gland development (Babler, 1991, p 98).

According to this theory, the “units” of rapidly multiplying
cells increase in diameter, somewhat randomly, growing
into one another (Figure 3-8) along lines of relief perpen-
dicular to the direction of compression.

Furthermore, according to this theory, as the series of
localized proliferations “fuse” together, the resulting
linear ridges of rapidly dividing epidermal cells fold into
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the dermis, creating the first visible ridge structure at the
epidermal-dermal junction (Ashbaugh, 1999, p 79). Another
plausible theory is that developing nerves may interact
with epidermal cells to stimulate clustered interactions that
blend together in the early stages of ridge development.

At the time of embryonic friction ridge formation, the
central nervous and cardiovascular systems are undergoing
a critical period of development (Hirsch, 1964). Researchers
have reported innervation at the sites of ridge formation
immediately preceding the appearance of friction ridges
and suggest that innervation could be the trigger mecha-
nism for the onset of proliferation (Bonnevie, 1924; Dell
and Munger, 1986; Moore and Munger, 1989). Several
researchers even postulate that the patterning of the
capillary—nerve pairs at the junction of the epidermis and
the dermis is the direct cause of primary ridge alignment
(Dell and Munger, 1986; Hirsch and Schweichel, 1973;
Moore and Munger, 1989; Morohunfola et al., 1992).

Early research on pattern distribution established “devel-
opmental fields’ or groupings of fingers on which patterns
had a greater tendency to be similar (Meier, 1981; Roberts,
1982; Siervogel et al., 1978). Later discoveries confirmed
the neurological relation of spinal cord sections C-6, C-7,
and C-8 to innervation of the fingers (Heimer, 1995).
Specifically, Kahn and colleagues (2001) reported that a
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large ridge-count difference between C-8-controlled fin-
gers 4 and 5 may predict a larger waist-to-thigh ratio and,
therefore, an increased risk of some major chronic dis-
eases such as heart disease, cancer, and diabetes. Other
interesting hypotheses have been published regarding the
connection between innervation and friction ridge pattern-
ing, but the main consideration for the purposes of friction
ridge formation is that specific parts of the nervous system
are undergoing development at the same time that ridges
begin to appear on the surface of the hands.

The presence of nerves and capillaries in the dermis before
friction ridge formation may be necessary for friction ridge
proliferation. It would seem that complex simultaneous
productions such as friction ridge formation would benefit
from being in communication with the central nervous
system or the endocrine and exocrine (hormone) systems
(Smith and Holbrook, 1986). However, it is doubtful that
nerves or capillaries independently establish a map that
directly determines the flow of the developing friction
ridges. It seems more likely that the alignment of the
nerves and capillaries is directed by the same stresses
and strains on the developing hand that establish ridge
alignment (Babler, 1999; Smith and Holbrook, 1986). It is
well recognized in cell biology that physical pressure on a
cellular system can trigger electrochemical changes within
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FIGURE 3-8

that system. Merkel cells occupy the epidermis just prior
to innervation along those pathways (Holbrook, 1991a),
suggesting that even before ridge formation, the stresses
created by the different growth rates of the dermis and
epidermis are causing differential cell growth along invisible
lines that already delineate pattern characteristics (Loesch,
1973). Regardless of the trigger mechanism controlling the
onset of the first primary ridge proliferations, the propaga-
tion of primary ridges rapidly continues.

Primary ridges mature and extend deeper into the dermis
(Figure 3-9) for a period of approximately 5.5 weeks, from
their inception at 10.5 weeks EGA until about 16 weeks
EGA. The cell growth during this phase of development

is along the primary ridge, in what has been labeled the
"proliferative compartment” The proliferative compartment
encompasses basal and some suprabasal cells, ultimately
governed by stem cells, and is responsible for new skin cell
production of the basal layer of skin (Lavker and Sun, 1983).

Although the exact mechanisms for formation of minutiae
are unclear, the separate accounts of many researchers
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FIGURE 3-9

Histological cross section of fetal volar

skin between 10.5 and 16 weeks EGA. During
this time, primary ridges (as marked by the
arrow) increase in depth and breadth.
(Image provided by William Babler.)

FIGURE 3-10
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Drawings that illustrate the theoretical formation

of minutiae arising from expansion of the volar
surface during the critical stage (frames 1-10)

and continuing to increase in size after secondary
ridge formation (frames 11-16). (Reprinted with
permission from Wertheim and Maceo (2002), p 51.)

who have examined fetal tissue allow for a fairly accurate
reconstruction of the morphogenesis of friction ridges in
successive stages of the development process. Figure
3-10 illustrates the process of minutiae formation as
hypothesized by a general consensus of the literature.

Many events happen during this rapid period of primary
ridge growth. The finger rapidly expands, new primary
ridges form across the finger, and the existing primary
ridges begin to separate because of growth of the digit.
As existing ridges separate, the tendency of the surface to
be continually ridged creates a demand for new ridges.
Hale reports that new ridges pull away from existing
primary ridges to fill in these gaps, creating bifurcations by

mechanical separation. Ending ridges form when a develop-
ing ridge becomes sandwiched between two established
ridges. According to this theory, “fusion between adjacent
ridges [which have already formed] seems improbable,
although there is no evidence for or against this process”
(Hale, 1952, p 167).

Other models explain ridge detail in nature as a chemical
reaction—suppression scheme in which morphogens react
and diffuse through cells, causing spatial patterns (Murray,
1988, p 80). According to these models, hormones circulate
first through newly formed capillaries just before ridge for
mation in the epidermis, offering another potential factor in
the genesis of ridge formation (Smith and Holbrook, 1986).



Embryology and Morphology of Friction Ridge Skin | CHAPTER 3

CCI——C &1 CdC (=
uppe aye o eeg e sp

basa] Iaycr of the cpldcnms ]

-#

pressure s pressure
dermls ©

”bed” of springs

A recent model of the process of friction ridge morpho-
genesis has been likened to mechanical instability (Kiicken
and Newell, 2005). Building on the folding hypothesis of
Kollmann (1883) and Bonnevie (1924), Kiicken and New-
ell (2005) consider the basal layer as “an overdamped
elastic sheet trapped between the neighboring tissues of
the intermediate epidermis layer and the dermis’ which
they mathematically model as “beds of weakly nonlinear
springs” (Figure 3-11).

Their computer program models the results of forcing
enough compressive stress to cause a buckling instability
on a virtual three-dimensional elastic sheet constrained by
fixed boundaries on two sides. The resulting ridge patterns
are similar to all three major fingerprint pattern types ori-
ented by the upper fixed boundary of the nailbed and the
lower fixed boundary of the distal interphalangeal flexion
crease (Figure 3-12).

Regardless of the exact mechanism of minutiae formation
(mechanical or static; fusion or chemical), the exact
location of any particular bifurcation or ridge ending within
the developing ridge field is governed by a random se-

ries of infinitely interdependent forces acting across that
particular area of skin at that critical moment. Slight differ
ences in the mechanical stress, physiological environment,
or variation in the timing of development could significantly
affect the location of minutiae in that area of skin.

FIGURE 3-11

A drawing that represents the state of the
epidermal-dermal boundary just before
ridge formation. (Reprinted with permission
from Kiicken and Newell (2005), p 74.)

FIGURE 3-12

Computer simulations demonstrating
that bounded stress fields across a three-
dimensional spherical surface produce
fingerprintlike patterns. (Reprinted with
permission from Kiicken and Newell
(2005), p. 79.)

3.6 Secondary Ridge Formation

3.6.1 Initiation of Secondary Ridge Formation

By 15 weeks EGA, the primary ridges are experiencing
growth in two directions: the downward penetration of the
sweat glands and the upward push of new cell growth.
Generally, the entire volar surface is ridged by 15 weeks
EGA. Okajima (1982) shows a fully ridged palm of a
14-week-old fetus (Figure 3-13).

Between 15 and 17 weeks EGA, secondary ridges appear
between the primary ridges on the underside of the epi-
dermis (Babler, 1991, p 98). Secondary ridges are also cell
proliferations resulting in downfolds of the basal epidermis.
At this time in fetal development, the randomly located
minutiae within the friction ridge pattern become perma-
nently set (Hale, 1952, pp 159-160), marking the end of new
primary ridge formation (Figure 3-14) (Babler, 1990, p 54).

3.6.2 Propagation of Secondary
Ridge Formation

As the secondary ridges form downward and increase

the surface area of attachment to the dermis, the primary
ridges are pushing cells toward the surface to keep pace
with the growing hand. These two forces, in addition to cell
adhesion, cause infolding of the epidermal layers above the
attachment site of the secondary ridges (Hale, 1952). As
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FIGURE 3-13

Image of a 14-week EGA fetal palm stained with
toluidine blue. (Reprinted with permission from
Okajima (1982), p 185 (no magnification given).)

FIGURE 3-14

A histological cross section of fetal volar skin
representing the onset of secondary ridge
formation between maturing primary ridges
(as marked by the arrows) at about 16 weeks
EGA. (Image provided by William Babler.)

secondary ridges continue to mature from 16 to 24 weeks
EGA, this structure is progressively mirrored on the surface
of friction ridge skin as the furrows (Burdi et al., 1979, pp
25-38) (Figure 3-15).

3.6.3 Formation of Dermal Papillae

Dermal papillae are the remnants of dermis left projecting
upward into the epidermis when anastomoses bridge pri-
mary and secondary ridges (Figures 3-16 and 3-17). They
begin to form at approximately 23 weeks EGA (Okajima,
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1975) and continue to become more complex throughout
fetal formation and even into adulthood (Chacko and Vaidya,
1968; Misumi and Akiyoshi, 1984).

3.7 Pattern Formation

3.7.1 Shape of the Volar Pad

It is observed throughout the physical world that ridges
tend to align perpendicularly to physical compression
across a surface (Figure 3-18).
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Ridges also form transversely to the lines of growth stress
in friction skin. The predominant growth of the hand is
longitudinal (lengthwise) and ridges typically cover the volar
surface transversely (side to side). This phenomenon is
seen in the ridge flow across the phalanges.

Bonnevie first hypothesized in 1924 that volar pad height
affects friction ridge patterns (Bonnevie, 1924, p 4). Disrup-
tions in the shape of the volar surfaces of the hands and
feet create stresses in directions other than longitudinal.
The ridges flow in a complex manner across these three-
dimensional structures.

FIGURE 3-15

A reconstruction of the secondary ridges
continuing to form on the underside of the
fetal volar epidermis between existing primary
ridges with sweat ducts. (Artwork by Brandon
Smithson. Re-drawn from Hale (1952), p 153.)

FIGURE 3-16

A reconstruction of the underside of the
epidermis of fetal volar skin that represents
anastomoses bridging primary and secondary
ridges and cordoning off sections of dermis
that remain protruding upward as “dermal pa-
pillae” or “papillae pegs” (Artwork by Brandon
Smithson. Re-drawn from Hale (1952), p 154.)

FIGURE 3-17

A scanning electron microscope view of the
complex understructure of human epidermis
as the dermis has been removed (inverted).
Magnification (approximate) = 8 X (left) and 80
X (right). (Reprinted with permission from
Montagna and Parakkal (1974), pp 34-35.)

The distinction between the size, height, and shape of the
volar pad, and the effects of differences in each of these
elements on a friction ridge pattern, is a difficult topic to
study (Chakraborty, 1991; Jamison, 1990; Mavalwala et al.,
1991). However, almost all research points to the conclu-
sion that the shape of the volar pad influences the stress
across the skin that directs ridge alignment. One contrary
viewpoint to this conclusion exists. In 1980, Andre G. de
Wilde proposed a theory that pattern formation is directed
much earlier in fetal life, before volar pads form, while the
hand is still in a paddlelike shape (De Wilde, 1980). He
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FIGURE 3-18

FIGURE 3-19

hypothesized that ridges direct the size and shape of the
volar pads. However, no other theoretical or empirical
support for this theory could be found. All other research
indicates that friction ridges align according to volar pad
shape and symmetry at approximately 10.5 weeks EGA.

3.7.1.1 Symmetrical Volar Pad. The growth and regression
of the volar pads produce variable physical stresses across
the volar surface that affect the alignment of the ridges

as the ridges first begin to form. Whether ridge flow will
conform to a whorl or a loop pattern appears highly cor
related with the symmetry of the stress across the surface
of the finger. If the volar pad and other elements of finger
growth are symmetrical during the onset of primary ridge
formation, then a symmetrical pattern (a whorl or an arch)
will result. Ridges will form concentrically around the apex
of a volar pad that is high and round when the generating
layer of friction ridge skin first begins to rapidly produce
skin cells. The ridge flow from a symmetrical volar pad con-
forms to the navigational pattern of the loxodrome (Figure
3-19) (Mulvihill and Smith, 1969; Elie, 1987). Research in
both the medical and mathematical fields suggests that
this same physical model applies across the entire volar
surface of the hands and feet (Cummins, 1926, 1929;
Loesch, 1973; Penrose and O'Hara, 1973).
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3.7.1.2 Asymmetrical Volar Pad. The degree of asymme-
try of the finger volar pad when ridges first begin to form
determines the asymmetry of the pattern type. Many re-
searchers have reported that asymmetrical “leaning” pads
form looping patterns and that low or absent volar pads
form arch patterns (Cummins, 1926, p 138). Babler perhaps
conducted the most scientific validation of the correlation
between pad symmetry and pattern type through exten-
sive examination of fetal abortuses (Babler, 1978).

Cummins published an extensive analysis of malformed
hands to demonstrate the effect of the growth and topol-
ogy of the hand on ridge direction (Cummins, 1926).
Cummins also concluded that ridge direction is established
by the contours of the hands and feet at the time of ridge
formation. Penrose examined friction ridge pattern forma-
tion from a mathematical perspective, arriving at the same
conclusion (Loesch, 1973; Penrose and Plomley, 1969).
More recently, Klicken and Newell (2005) modeled stress
fields across bounded three-dimensional, spherical virtual
surfaces, creating relatively accurate-appearing ridge pat-
terns (Figure 3-20).

If the volar pad and other growth factors of the finger are
asymmetrical during the critical stage, then that same
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FIGURE 3-20

Computer models demonstrating directional
field points (tic marks) stretched in the direction
of stress. The white spot illustrates the degree
of compressive stress and the location where
ridge formation takes place first (center of the
white portion represents the apex of the pad).
(Reprinted with permission from Kiicken and
Newell (2005), p 79.)

degree of asymmetry will be reflected in the ridge flow

of the resulting pattern. This biological process cannot be
thought of as limited to the extremes of volar pad regression,
occurring either completely symmetrically or asymmetrically
(leaning all the way to one side). In fact, there is a continuum
involved from whorl patterns to loop patterns. Figure 3-21
illustrates several patterns from different individuals whose
volar pads were theoretically the same approximate size

at the critical stage (i.e., the volar pads had similar ridge
counts), but differed in the degree of their symmetry.

Subtle variations in the symmetry of a volar pad could
affect the formation of a whorl pattern versus a central
pocket loop whorl pattern, or a central pocket loop whorl
pattern versus a loop pattern. Any one of the numerous
genetic or environmental factors present during the critical
stage could cause a slight deviation in the normal develop-
mental symmetry of the volar pad and, therefore, affect the
resulting pattern type.

3.7.2.1 Pattern Size. The size, particularly the height, of the
volar pad during primary ridge formation affects the ridge
count from the core to the delta of normal friction ridge

FIGURE 3-21

Six different fingerprint patterns from different
individuals, representing the continuum of volar
pad symmetry at the onset of friction ridge
proliferation, ranging from (1) nearly symmetrical
to (6) very displaced. (Reprinted with permission
from Wertheim and Maceo (2002), p 69.)

patterns (Bonnevie, 1924; Mulvihill and Smith, 1969; Sier
vogel et al., 1978). Researchers have observed that ridges
that form on high, pronounced volar pads conform to the
surface as high-count whorl patterns. Conversely, ridges
that form on a finger with a low or absent volar pad create
low-count or arch-type patterns (Babler, 1987 pp 300-301).
Holt (1968) reported that the total finger ridge count (TFRC)
of all 10 fingers, taken by adding the ridge counts from
the core to the delta in loops, or the core toward the radial
delta in whorls, is the most inheritable feature in dermato-
glyphics. This combined information points directly to the
conclusion that timing events related to volar pad and fric-
tion ridge formation affect friction ridge patterns.

3.72.2Timing Events. The ridge count of a friction ridge
pattern is related to two different events: the timing of the
onset of volar pad regression and the timing of the onset
of primary ridge formation. Differences in the timing of
either event will affect the ridge count of that particular
pattern. For example, early onset of volar pad regression
would lead to a volar pad that was in a more regressed
state at the time of the onset of primary ridge formation,
and a relatively low-ridge-count pattern (or arch) would
likely result. Conversely, overall late onset of volar pad re-
gression would mean that the pad was still relatively large
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FIGURE 3-22

when primary ridges began forming, and a high-ridge-count
pattern would more likely result (Figure 3-22). This theory
is supported by a study that found that “late maturers” had
higherthan-average ridge counts, and “early maturers” had
lower-than-average ridge counts (Meier et al., 1987).

If the onset of volar pad regression occurred at the normal
time, then earlierthan-average onset of primary ridge
formation would occur on a larger-than-average volar pad,
leading to a higherthan-average ridge count. Likewise,
laterthan-average onset of primary ridge formation would
occur on a smallerthan-average volar pad, leading to a
lowerthan-average ridge count (Figure 3-22A). When both
early and late timing of both factors are taken into account,
the results become even more complex (Figure 3-22B).

To make matters even more complex, the size of the volar
pad with respect to the finger is also affected by many
factors. Diet and chemical intake of the mother (Holbrook,
1991b), hormone levels (Jamison, 1990), radiation levels
(Bhasin, 1980), and any other factors that affect the growth
rate of the fetus during the critical stage could all indirectly
affect the ridge counts of the developing friction ridges on
the finger. It is important to remember that anything that
affects the tension across the surface of the finger could
affect the resulting ridge alignment and pattern type. How-
ever, Holt's findings seem to indicate that timing events,
rather than environmental factors, play the dominant role
in determining TFRC (Holt, 1968).

3.7.2.3 Delta Placement. The onset of cellular prolifera-
tion, which begins primary ridge formation, occurs first in
three distinct areas: (1) the apex of the volar pad (which
corresponds to the core of the fingerprint pattern); (2) the
distal periphery, or tip of the finger (near the nailbed); and
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(3) the distal interphalangeal flexion crease area (below the
delta(s) in a fingerprint) (Figure 3-23).

As ridge formation continues, new proliferation occurs on
the edges of the existing ridge fields in areas that do not
yet display primary ridge formation. These three “fields” of
ridges converge as they form, meeting in the delta area of
the finger. This wavelike process of three converging fields
allows for the visualization of how deltas most likely form
(Figure 3-24).

The concept of “converging ridge fields” also offers a way
to visualize the difference between the formation of high-
versus low-ridge-count patterns. If ridges begin forming
on the apex (center) of the pad first and proceed outward
before formation begins on the tip and joint areas, then

by the time the fields meet, a relatively large distance will
have been traversed by the field on the apex of the pad; in
that instance, a high-count pattern will be formed (Figure
3-25). However, if the ridges form first on the two outer
most portions and proceed inward, and formation begins
at the last instant on the apex of the pad, then only a few
ridges may be formed by the time the fields meet; in that
instance, a very low-count pattern is observed (Figure
3-26). The combined observations of different researchers
examining friction ridges on the finger during the critical
stage of development further support the validity of this
model (Babler, 1991, 1999; Dell and Munger, 1986; Hirsch
and Schweichel, 1973).

When it is understood that timing and symmetry control
two very different elements of ridge flow, it becomes easy



to see how both small and large loop and whorl patterns
form. A finger pad that regresses symmetrically will form
a whorl pattern, regardless of early or late timing of friction
ridge formation with respect to volar pad regression. If the
timing of the onset of primary ridge formation in this situa-
tion is early in fetal life, then the volar pad will still be high
on the finger, and the whorl pattern will have a high ridge
count. If timing is later in fetal life, after the pad has almost
completely been absorbed into the contours of the finger,
then a low-count whorl pattern will result. With further
regression, an arch pattern will form (Figure 3-27).

Likewise, asymmetrical finger pads will form loop patterns
and will also be affected by timing. If ridges begin forming
early with respect to volar pad regression on an asym-
metrical pad, then the pad will be large, and a high-count
loop will result. Later timing leads to a low-count loop or
arch-type pattern (Figure 3-28). Again, volar pad placement

FIGURE 3-23

A drawing depicting the normal starting
locations of ridge formation and subse-
quent coverage across the surface of a
finger. (Reprinted with permission from
Wertheim and Maceo (2002), p 66.)

FIGURE 3-24

A drawing that depicts an easy way to
visualize how deltas form from three
converging ridge fields. (Reprinted with
permission from Wertheim and Maceo
(2002), p 66.)

FIGURE 3-25

A drawing that depicts the likely progression
of ridges on a high-ridge-count pattern.
(Reprinted with permission from Wertheim
and Maceo (2002), p 67.)

FIGURE 3-26

A drawing that depicts the likely progression
of ridges on a low-ridge-count pattern.
(Reprinted with permission from Wertheim
and Maceo (2002), p 67)

is not simply symmetrical or asymmetrical; a continuum of
volar pad symmetry occurs and accounts for the variety of
pattern types observed.

A regression scheme seems to exist whereby the volar pad
is symmetrical at the onset and becomes progressively
more asymmetrical as it regresses. This is supported by
general fingerprint pattern statistics that show that more
than one-half of all fingerprint patterns are ulnar loops. More
specifically, this scheme is supported by fetal research that
has determined that early timing of primary ridge formation
leads to a higher percentage (95 percent) of whorls (Babler,
1978, p 25). Also, low- and high-ridge-count patterns occur
less frequently than average-count patterns (Cowger, 1983).
All research tends to indicate that volar pads regress from
an early symmetrical position to an asymmetrical position
later in fetal life. Although this is the norm, it is certainly not
without exception, because whorl patterns with extremely



FIGURE 3-27

These different fingerprint patterns (bottom)
were formed on completely different, but
symmetrical, volar pads (top). The drawings on
the top illustrate the likely fetal condition of the
symmetrical volar pad that produced the result-
ing print below it. From left to right, the images
show the results of the combined timing of the
onset of friction ridge proliferation versus volar
pad regression. (Reprinted with permission
from Wertheim and Maceo (2002), p 71.)

FIGURE 3-28

These different fingerprint patterns (bottom)
were formed on different, asymmetrical volar
pads (top). The drawings on the top illustrate
the likely fetal condition of the asymmetrical
volar pad that produced the resulting print
below it. From left to right, the images show
the results of the combined timing of the onset
of friction ridge proliferation versus volar pad
regression. (Reprinted with permission from
Wertheim and Maceo (2002), p 71.)

low ridge counts and loop patterns with extremely high
ridge counts can both be found with relative ease in even
small collections of recorded fingerprints.

3.8 Genetics

3.8.1 Introduction to Genetic Diversity
and Friction Ridge Skin

In 1904, Inez Whipple presented research that provided

a detailed theory of evolutionary progression of the volar
surface (Whipple, 1904). Ashbaugh succinctly summarizes
Whipple's proposition of the evolutionary genesis of friction
ridges:

Early mammals were covered with a scale-like
skin surface. Each scale had one hair protruding
from it and an accompanying oil or sebaceous
gland. On volar areas, which are the bottoms of
the hands and feet, hairs slowly disappeared due
to surface use. The pore that was related to the
hair changed from a sebaceous gland to a sweat
gland. Its purpose, to keep the surface skin damp
which enhanced the grip of the volar surface.

3-18

CHAPTER 3 | Embryology and Morphology of Friction Ridge Skin

Starting in all likelihood as a mutation, scales
started to line up in rows and fuse together. This
further assisted the grip of the skin surface by
increasing friction. Through natural selection, this
mutation became prevalent. Scales slowly evolved

into wart-like units with pore openings near the
centre. The fusing of these wart formations into
rows is the predecessor to the friction ridge, the
individual wart being the equivalent of a ridge dot
(Ashbaugh, 1991, p 27).

Fourteen years after Whipple's phylogenetic (evolution-
ary history) theory was presented, researchers diverged
from her theory and presented an ontogenetic (individual
developmental or embryonic history) model, suggesting
that fusion of warts into ridges occurs during embryonic
development (Wilder and Wentworth, 1918). In 1926, Cum-
mins refuted the ontogenetic scheme (Cummins, 1926, p
134). However, Hale later included the ontogenetic model
in his conclusions (Hale, 1952). Literature since that time
has been mixed. Multiple researchers have demonstrated
that the first visual evidence of interaction between the
dermis and the epidermis is ridges, not a series of units,
protruding into the dermis (Figure 3-6, p 3-8). Perhaps
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with advances in technology, the theory that localized

cell proliferations grow together into linear ridges before
the appearance of the ridge as a structure will be demon-
strated. Until then, fusion of units into ridges remains a
possible model of development that could provide individu-
ality before the appearance of the first ridge structures.
The term “ridge unit” might be limited to a description

of an adult sweat pore and surrounding ridge (Ashbaugh,
1999, pp 25, 35), with the term “localized proliferation” be-
ing used to describe theoretical events of fetal formation
(Babler, 1987 p 298).

Every aspect of the growth and development of a single
cell into a fully formed human is initiated by a genetic blue-
print. The capacity to form friction ridges is inherent within
the developing embryo. The patterns that these ridges
form, however, are limited by nature and are defined by the
fingerprint community as whorls, loops, arches, combina-
tions and transitions of these basic patterns, or lack of a
pattern (Hirsch, 1964). Although genetics may direct when
and where ridges will form by providing the blueprint for
proteins, nature provides the boundaries for patterning
through physical mechanisms (Ball, 1999).

Proteins direct cellular activity by facilitating biochemical
processes within the cell. These processes depend not
only on the protein derived from the gene but also on the
many other nonprotein components of the cell such as
sugars, lipids, hormones, inorganic elements (e.g., oxygen),
inorganic compounds (e.g., nitric oxide), and minerals. Ad-
ditionally, the physical environment around and within cells,
including surface tension, electrical charge, and viscosity,
contributes to the way the cell functions (Ball, 1999).

Genetic information directs cellular function, serves as a
link between generations, and influences an individual's
appearance. Some aspects of appearance are similar for
each individual of that species (i.e., those characteristics
that define the species). However, within the species, for
each aspect of an individual's appearance, many genes and
external factors affect the final outcome of physical appear
ance. The genes involved with a specific attribute (e.g., skin
color) produce the appropriate proteins, which in turn react
with each other and with the many nongenetic compo-
nents of the cell in complex biochemical pathways during
the growth and development of the fetus (Ball, 1999).
These biochemical pathways proceed under the omnipres-
ent influence of external factors.

CHAPTER 3

Although DNA is crucial for providing the blueprint for the
development of a particular model, there are so many
steps between the genesis of the DNA-encoded protein
and the final product that even two individuals who origi-
nated from the same DNA would produce two completely
unigue models.

Perhaps Jamison best describes the interplay between
genes and the environment in friction ridge skin:

Since dermatoglyphic formation cannot be derived
solely from either genetic or environmental fac-
tors, it must result from an interaction of the two
types of factors. This interaction is probably far
from being simple and it most likely involves a
multiple step reciprocal positive feedback relation-
ship (Maruyama, 1963) in which either a geneti-
cally or an environmentally-based factor causes

a change in the uterine environment, leading

to a genetic response (perhaps in the form of a
“switch mechanism? as in Roberts (1986)), which
then leads to an increasingly complex series of
genetic-environmental interactive responses
(Jamison, 1990, p 103).

The ultimate example of the role of the environment in
friction ridge formation is monozygotic twins, who share
identical genetic information and very similar intrauterine
environments, but on many occasions have very different
patterns. The role of genetics is currently understood by
the indication that several main genes, in conjunction with
a number of modifying genes, may be responsible for volar
patterning, but it is well established that friction ridge pat-
terning is also affected by the environment (Chakraborty,
1991; Hirsch, 1964; Loesch, 1982, 1983; Slatis et al., 1976;
Weninger et al., 1976).

Like many traits, genetics influences pattern formation in-
directly by contributing to the timing of the onset of friction
ridge skin, the timing of the onset of volar pad regression,
the growth rate of the fetus, and other factors. Stresses
across small areas of skin are not inherited, but rather they
represent one of many environmental factors that influ-
ence pattern formation.

Until recently (Chakraborty, 1991; Mavalwala et al., 1991),
most researchers in the field of genetics and physical
anthropology have traditionally viewed TFRC as evidence
of direct genetic control of fingerprint pattern formation
(Bonnevie, 1924; Holt, 1968). The research of Sara Holt
(1968) regarding the inheritability of TFRC is a significant
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finding that supports the two-tiered development scheme
suggested by this and other literary reviews of fingerprint
pattern formation. Logic also supports this scheme. Geneti-
cally controlled timed events would be less susceptible to
environmental variations, and, therefore, TFRC would be
more inheritable than pattern type. Additionally, the wide
range of patterns found on the palms (Malhotra, 1982)
demonstrates the complex nature of factors that affect
ridge alignment. Patterning and ridge counts are indirectly
inherited and are not affected by only one developmental
factor. However, ridge flow and ridge count are both af-
fected by tension across the surface of growing fetal skin.

3.8.3.1 Ethnic Variation. Thousands of anthropological stud-
ies have been conducted on distinct populations to identify
trends in fingerprint pattern formation. Perhaps one of the
most comprehensive reviews of this tremendous body of
research was conducted by Jamshed Mavalwala, resulting
in a 300-page bibliography of dermatoglyphic references
(Mavalwala, 1977). The major result from this body of work
was the demonstration that intratribal variations in friction
ridge pattern frequencies were greater than intertribal
variations. Likewise, intraspecies variations in primates
were greater than interspecies variations. The body of
literature on ethnic variation suggests that multiple genes
affect pattern formation and that those genes interact with
respect to final pattern characteristics.

3.8.3.2 Abnormalities. The medical community has been,
and continues to be, interested in dermatoglyphics (Dur-
ham et al., 2000; Kahn et al., 2001; Schaumann and Opitz,
1991) and creases (Kimura, 1991) as indicators of abnormal
fetal development during the critical stage. Although there
is evidence that interest has waned in recent decades
(Reed, 1991), it was reported in 1991 that significantly
more than 3,500 articles in the international literature dealt
with different aspects of dermatoglyphics (Mavalwala,
1977). Although many articles relate certain medical condi-
tions to statistically significant occurrences of abnormal
ridge pattern combinations, many researchers still heed
the warning that “dermatoglyphics may be of uncertain, if
any, diagnostic value due to the lack of a specific derma-
toglyphic stereotype in individual patients” (Schaumann,
1982, pp 33-34).

Harold Cummins was perhaps one of the most prominent
researchers on the specific reasons behind abnormal fric-
tion ridge pattern development (Cummins, 1923, 1926).

3-20

Embryology and Morphology of Friction Ridge Skin

From dozens of developmental-defect case studies, he
concluded that “whatever the nature of the defect, the
[ridgel configurations occur as systems partly or wholly
unlike the normal, but obviously conforming to the irreg-
ularities of the part” (Cummins, 1926, p 132). Later in his
career, Cummins established that the absence of dermal
ridges can be caused by chromosomal abnormalities (Fig-
ure 3-29) (Cummins, 1965). Other research (Schaumann
and Alter, 1976) has attributed a more pronounced con-
dition, dysplasia, to localized deviation in normal nerve
branching during fetal development (Figure 3-30).

A third and much more extreme (and rare) condition
involves the complete lack of ridge features on the fingers
and palms of the hands as well as the toes and soles of the
feet. Cummins hypothesizes that in epidermolysis, or the
death and dissolution of the epidermis, the disintegrated
epidermis sloughs, and the denuded surface is gradually
covered by a growth of skin cells arising from the dermis
after the capacity has gone for the epidermal-dermal junc-
tion to produce ridges (Cummins, 1965). Other researchers
indicate that this condition, also known as aplasia, appears
to stem from a chromosomal abnormality linked to the
complete lack of nerve development in the epidermis at the
time ridges are supposed to form. In a 1965 article, Cum-
mins postulates that epidermolysis can be inherited, citing
three generations of a family, 13 of whom lacked ridges
over fingers, palms, toes, and soles (Cummins, 1965).
Schaumann and Alter (1976) reproduce a family tree show-
ing 16 of 28 family members from four generations having
congenital ridge aplasia, and go on to reference other evi-
dence of the inheritance of ridge anomalies (Figure 3-31).

Goradia and colleagues (1979) make a convincing argument
that there is a continuum between normal epidermal ridges,
disassociated ridges, and aplasia. They cite cases of overlap
in the same person between normal and disassociated
ridges as well as overlap between disassociated ridges and
areas with no discernible pattern. Additionally, the authors
bring to light that certain chromosomal abnormalities have
been found to be associated with both disassociation and
aplasia.

Although not a typical abnormality, incipient ridges, also
described as “rudimentary’, “interstitial’} or “nascent”
ridges, are not present in the majority of friction ridge im-
pressions. When they are present on an individual, studies
have shown them to be hereditary (Penrose and Plomley,
1969). In 1979, Okajima examined incipient ridges and af-

firmed earlier research indicating that these structures are
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¢ An impression showing normal ridges

(top right), mildly disassociated ridges
(middle), and severely disassociated ridges
(bottom left) in a patient with a chromosomal
abnormality. (Reprinted with permission from

Schaumann and Alter (1976), p 98.)

FIGURE 3-30

Impressions of epidermis displaying
mild (left) and severe (right) dysplasia.
(Reprinted with permission from
Schaumann and Alter (1976), pp 94-96.)

FIGURE 3-31

Impressions (left) of fragmented or

absent ridges from a subject with aplasia
(Reprinted with permission of the March of
Dimes from Goradia et al.,1979). Overall
image (right) of the hands of a mother

and daughter with aplasia. (Reprinted

with permission from Schaumann

and Alter (1976), p 91.)

permanent, although they carry no sweat glands (Okajima, number of factors. The fetal volar pads play a major role in

1979) (Figure 3-32). affecting the tensions that directly influence pattern forma-
tion (volar pad symmetry) and ridge count (volar pad size),

. but minutiae formation occurs on a much smaller level.

3.9 Unlqueness: Developmental Localized stresses (tensions and compressions), resulting

Noise from growth of the tissue layers of the digit and interac-
tions with existing ridge fields, create the foundations for
second-level unigueness.

The uniqueness of friction skin is imparted from the per-

manent base structure through a myriad of random forces,

which, themselves, are affected by a seemingly infinite Ridge morphology (third-level detail) is the surface mani-

festation of a unique heterogeneous cellular community
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FIGURE 3-32

A photograph (magnification = 13 X) of incipient
ridges (left) and the dermal surface under

the ridges (right) showing double-row
arrangement of dermal papillae, marking them
as permanent features of friction ridge skin.
(Reprinted with permission of the March

of Dimes from Okajima (1979), p 191.)

along the basement membrane, which constantly feeds the
epidermis a three-dimensional portrait of its uniqueness. It
is completely inconceivable that the physical stresses and
cellular distributions that create that community could be
exactly duplicated, on any level, in two different areas of
developing fetal tissue. Each individual section of every
ridge is unique. Therefore, any ridge arrangement, regard-
less of quantity, cannot be replicated. Wide variations in
the amount of detail that is recorded from the three-
dimensional skin to the two-dimensional impression during
any given contact may result in the impossibility of indi-
vidualization of some latent impressions, but the arrange-
ment of features on the skin and the resulting details in the
impression on a surface are still unigue.

3.9.3 Maturation of the Skin

After maturation of the primary and secondary ridges at

24 weeks EGA, anastomoses begin to cross through the
dermis (Hale, 1952), linking primary and secondary ridges
and molding the upper portion of the dermis into papillae
pegs. Papillae continue to change form even into late
adulthood and become complex (Misumi and Akiyoshi,
1984). Although the shape of the epidermal-dermal bound-
ary may change over time, the rate of skin cell produc-

tion in the basal layer of skin does not become spatially
incongruent. It is for this reason that changes in the shape
of the basal layer “sheet” do not produce features that ap-
pear significantly different on the surface (Figure 3-33). The
consistent rate of basal skin cell proliferation in neighbor
ing areas of skin provides consistent unique detail to the
surface of skin. The pattern increases many times over in
size, but the sequence of ridges never changes throughout
fetal and adult life, barring injury or disease that affects the
basal layer of skin.

CHAPTER 3 | Embryology and Morphology of Friction Ridge Skin

3.10 Summary: Keys to Uniqueness
and Pattern Formation

3.10.1 Uniqueness

As the skin progresses through the entire process of ridge
formation (Figure 3-34), many factors contribute to the end
result: complete structural uniqueness, from ridge path to
ridge shape. Although genetics has been shown to play a
role in pattern formation, it does not determine the arrange-
ment of minutiae or ridge shapes within the pattern. The mor
phogenesis of these finer details is a product of the unique
developmental noise that occurs in that area of skin during
the critical period of friction ridge formation.

3.10.2 Pattern Formation

The fetal volar pads play a major role in influencing pattern
formation (volar pad symmetry) and ridge count (volar pad
size), but the volar pads do not directly cause ridge align-
ment. Instead, the volar pads affect the topology of the
surface and the overall tension and compression across
the developing epidermal—dermal junction, which in turn
directly affects friction ridge alignment during the critical
stage of ridge development. Any stress or strain on the
developing finger during the critical stage (Figure 3-35) of
friction ridge formation could affect ridge alignment.

3.11 Reviewers

The reviewers critiquing this chapter were Jeffrey G.
Barnes, Patti Blume, Mary Ann Brandon, Brent T. Cutro,
Sr., Lynne D. Herold, Michelle L. Snyder, and John R.
Vanderkolk.
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FIGURE 3-33

An illustration of the progression of the structure
of volar skin from fetal life (left) through late
adulthood (right). (Reprinted with permission from
Wertheim and Maceo (2002), p 39.)

FIGURE 3-34

Drawings representing volar skin before (A), during
(B-E), and after (F-H) the critical stage of friction
ridge formation: (A) undifferentiated friction ridge
skin; (B) initiation of primary ridge formation at
the epidermal-dermal border; (C) primary ridges
increasing in depth; (D) skin growth separating
existing primary ridges; (E) new primary ridge
growth between existing primary ridges (sweat
ducts are forming); (F) initiation of secondary ridge
growth between primary ridges; (G) secondary
ridge maturation combined with surface ridge
appearance; (H) entire system begins maturation
process (approximately 24 weeks EGA). (Reprinted
with permission from Wertheim and Maceo (2002),
p 56.)

FIGURE 3-35

A chart showing the consensus of the literature
regarding estimated time frames for the onset
(becoming larger) and regression (becoming
smaller) of the volar pads, as well as the onset
and growth of the primary and secondary ridges.
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AECORDING LIVING AND
POSTMORTEM FRICTION
AIDGE EXEMPLARS

BRENT T. CUTRO, SR.

4.1 Introduction

The skin is both the largest organ and the first line of pro-
tection in the human body. Completely covering the body
from head to toe, the skin is primarily consistent in nature
everywhere except for the areas covering the palmar sur-
faces of the fingers and hands and the plantar surfaces of
the toes and feet. The skin on these areas is referred to
as friction ridge skin. Obtaining legible recordings of
these areas of skin is crucial for subsequent comparisons
to latent impressions recovered from crime scenes, for
comparison against previous records, or for input into auto-
mated fingerprint identification systems (AFIS).

Inked prints, record prints, standards, and exemplars are
all terms that are used to describe the recording of these
unigue details.

4.2 Equipment

Various types of equipment, inks, scanning devices, and
techniques are used to record friction ridge detail. Although
the concept of recording friction ridge detail seems basic,
care and determination should always be exercised in order
to obtain the best quality recordings because complete and
legible recordings are a necessity in latent print
examinations.

The equipment that is needed to record friction ridge detail
includes an ink roller, an inking plate (constructed of glass
or a smooth metal, such as stainless steel), fingerprint or
palmprint cards for recording the prints, and a quality black
ink formulated for this purpose (Figure 4-1). These items
can be obtained from various forensic or printing supply
companies. Only inks formulated for forensic purposes
should be used, because other types of inks (printer’s ink,
writing ink, or rubber stamp ink) are too light, too thin,
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or do not dry quickly enough on the recording cards; this
retained moisture could cause subsequent smearing of the
prints. An alternative to the ink-and-roller method is the use
of micro-reticulated thermoplastic resin pads or ceramic
inking pads, both of which are impregnated with special
permanent and nonfading inks. These products contain
enough ink to record up to 50,000 fingerprints and should
last approximately two years without replenishing. Cleanup
is easy, and the ink dries quickly on recording cards (Olsen,
1978, pp 90-91). Advances in ink technology have improved
certain characteristics of some of these inks, resulting in
more user-friendly products.

A fingerprint stand is also useful. The fingerprint stand can
be placed at a height that is necessary to comfortably
record friction ridge detail while conveniently holding
within its built-in storage bins all of the equipment needed
for this purpose.

FIGURE 41

Equipment and ink
used to record friction
ridge exemplars.

FIGURE 4-2

Two rows of rolled
impressions in center
of fingerprint card.
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The standard cards that are used to record prints are 8" x 8"
This size has space for two rows of five rolled fingerprints
and space for plain or flat prints of the fingers under the
rows of rolled prints. These cards are white and are usu-

ally lightweight cardboard or heavy paper stock. Fingerprint
cards are handled countless times and may be stored in files
for many years. For these reasons, the texture and strength
of the card must be such that it will withstand frequent
handling (Olsen, 1978, pp 59-60).

Figure 4-2 shows two rows of fingerprints (rolled impres-
sions) in the center of the card. The blocks begin with the
thumb of the right hand as #1, the right index finger as #2,
and so on through the right little finger, #5. The left hand
then begins with the thumb, designated #6, the left index
finger is #7, and so on through the left little finger, #10.
Another set of impressions would appear below these. They

are referred to as plain, flat, or simultaneous impressions




1z 1955

and serve as a verification of the finger sequence of the
rolled impressions (Olsen, 1978, pp 60-62). See Figure 4-3.

In addition to the spaces for the fingerprint impressions,
there is room on the card to record information about the
person being printed (e.g., name, date of birth), information
about the agency, and space for the date and signatures of
the subject and technician.

Livescan technology replaces the process of using ink

to record friction ridge detail. The friction ridge surfaces

to be recorded are placed on a scanner that records the
detail in a matter of seconds. High-resolution scanners can
produce images that rival the quality of ink recordings, and
the digital images are easily reproduced and distributed
electronically. The process of rolling the finger impressions
(and plain impressions) on the scanner platen is the same
as for the actual recording of inked impressions on a card,
but without the ink.

4.3 Recording Fingerprints,
Palmprints, and Footprints of
Living Subjects

Legible and completely recorded fingerprint cards, such

as the one in Figure 4-3, are adequate for classification or
comparison purposes and for scanning into AFIS.

FIGURE 4-3

Completely recorded
fingerprint card.

4.3.1 Recording Fingerprints

The basic method of recording friction ridge detail on the
hands or feet can be accomplished by applying a thin coat
of black ink directly to the skin's surface using a roller or by
coating an inking plate with the ink and rolling the fingers
onto the plate. Next, the inked skin is pressed on a surface
of contrasting color, such as a white piece of paper or a
fingerprint card. The difference in elevation between the
ridges and the furrows of the friction ridge skin leaves a
print that is a recording of the unique detail of the friction
ridge skin (Cowger, 1983, p 10).

To begin this process, if using the ink-and-roller method, a
small amount of ink is deposited at the edge, center, and
opposite edge of a thoroughly cleaned inking plate. The ink
is then rolled and smoothed out. The ink should look black,
not gray. A gray color means that there is not enough ink
on the plate. The ink should not look wet. If the ink looks
wet, too much ink has been placed on the plate, and this
could result in a smearing of the print. After the proper
amount of ink has been rolled onto the plate, the next step
is to ink the fingers (Cowger, 1983, p 10).

Before any ink is applied to the fingers, the fingers must be
inspected to ensure that they are clean and dry, because
contaminants can interfere with proper recording. If the
subject’s fingers are too dry, a moisturizing hand lotion may
be applied sparingly to soften the fingers. If the subject’s
fingers are too moist, they must be dried individually or,
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in case of excess moisture, wiped with an alcohol wipe
and then dried. Regardless of what method of recording

is used (ink and roller, Porelon Pad, or scanning device),
the fingers should be rolled away from the body, and the
thumbs should be rolled toward the body (thumbs in,
fingers out). This procedure allows the fingers and thumbs
to be rolled from an awkward position to a more relaxed
position and is less likely to produce smeared recordings.
To completely roll each finger, with the subject standing

in front of and facing the cardholder, the hand should be
firmly grasped in such a manner that the finger is extended
and the other fingers are out of the way. The inking plate
and the cardholder should be side by side, with the card-
holder nearest the operator (Olsen, 1978, p 66). The hand is
then rotated so that the side of the finger can be placed on
the inking plate. While one of the operator’s hands grasps
the hand of the subject, the operator’s other hand holds
the end of the finger or thumb being printed to keep it
from slipping, to apply light pressure, and to guide the roll
(Figure 4-4). Two key factors to remember are control and
pressure (Cowger, 1983, p 11). For best results, the subject
should not help with the process and should be asked to
remain in a relaxed posture. The finger or thumb is then
rotated 180° (i.e., nail edge to nail edge) and is immediately
lifted from the plate and rolled in the same manner in the
appropriate box on the fingerprint card that has been previ-
ously placed in the cardholder.

FIGURE 44

Position of
operator’s hands.
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The fingers and thumbs should be rolled on the card or
scanning device in the same sequence in which the spac-
es appear on the card, starting with the right thumb and
ending with the left little finger (Olsen, 1978, p 66). The
plain (i.e., flat or simultaneous) impressions are recorded
by grouping the fingers from each hand and pressing them
on the inking plate. The grouped fingers, numbers 2-5 and
7-10, are then pressed on the fingerprint card or scanning
device in the appropriate boxes, taking care not to super
impose these impressions over the rolled impressions.
The thumbs are inked and recorded separately in the
same manner. The fingers and thumbs that are recorded in
these boxes should not be rolled from side to side. As the
fingers and thumbs are lifted from the card or scanning
device, they should be rolled toward the tips of the fingers
by keeping pressure on the fingers and lifting the subject’s
wrists so as to record as much friction ridge detail as pos-
sible toward the top of the pattern area.

Palmprints are recorded in much the same manner as
fingerprints; however, a cylindrical device is often used
to facilitate the process to ensure complete recording of
all friction ridge detail. The palms are not pressed on an
inking plate. Rather, the roller is loaded with ink from the
inking plate and the ink roller is used to apply a thin coat
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of ink directly to the hands from the base and edges of the
palms to the tips of the fingers. Care must be exercised

to ensure complete coverage of ink to all areas containing
friction ridge detail.

To record palmprints, a standard 8" x 8" card or heavy plain
white bond paper is attached to a cylinder approximately 3"
in diameter. Removable adhesive tape or rubber bands may
be used to attach the paper to the cylinder. (Some techni-
cians prefer to let the paper “ride” across the cylinder
without attaching it, taking care to prevent slippage.) The
inked palm is then rolled either from the base of the palm
toward the fingers or from the fingers to the base of the
palm. Either way is acceptable and is generally left to the
discretion of the technician. Most technicians prefer begin-
ning at the base of the palm and rolling toward the fingers
because this gives the technician more control over the
subject and position of the print on the card (Olsen, 1978,
p 74). The hand can simply be pulled rather than pushed
across the surface, which also tends to help prevent lateral
movement of the subject’s hand. The palm must be record-
ed in one smooth, unceasing motion to prevent smudging
or distortion (Figure 4-5). Light pressure should also be
applied while rolling in order to maintain completeness and
to adequately record the centers of the palms. (Extending
the thumb to the side will also help eliminate voids in the
center of the recorded palm.) The thumbs are recorded
separately because of their position on the hand. The
extreme side of the palm, opposite of the thumb, referred
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FIGURE 4-5

to as the “writer's palm” (i.e., the edge of the hypothenar
area), is also recorded separately on the palmprint card.
The card is removed from the cylinder and placed on a hard
flat surface. This area of the palm is then pressed on the
palmprint card, with the little finger extended, to the right
of the previously recorded palmprint for the right hand and
to the left of the previously recorded palmprint for the left
hand, if space allows. The thumb area of the palm (thenar
area) is then recorded in the same manner and placed to
the left side of the previously recorded right palmprint and
to the right side of the previously recorded left palmprint,
again, if space allows. If adequate space does not allow
for the thenar and hypothenar areas to be recorded on

the same card, separate cards should be used for these
recordings.

An easy alternative method for recording palmprints is
with the use of a white adhesive lifting material, such as
Handiprint® (Kinderprint Co.), and black fingerprint powder.
The fingerprint powder is lightly applied with a soft finger
print brush to the entire surface of the palm. The adhesive
material is separated from the backing and pressed onto
the palm while smoothing from the center to the sides. The
flexible adhesive conforms to the creases and crevices of
the palm with minimal slippage, which aids in producing a
high-contrast, completely recorded palmprint. The adhesive
lifter is then peeled from the palm and placed onto a clear
acetate cover, thus preserving the impression for subse-
guent comparisons.

4-7



CHAPTER 4

Major case prints* (also referred to as major criminal prints)
are a recording of all the friction ridge detail covering the
hands. If necessary, this may also include a recording of

all the friction ridge detail on the feet. In addition to legible
and completely recorded fingerprints and palmprints, major
case prints include a legible and completely recorded set
of the tips of the fingers, from just below the nail to the
center of the fingers, rolled from one side of the nail to the
other, as well as completely recorded lower joints of the
fingers, including the extreme sides. Major case prints are
often required for comparison to unknown impressions
that have been collected from crime scenes, and these
impressions may include areas of friction ridge detail that
are not routinely recorded.

To begin, a complete set of the subject’s fingerprints
should be recorded as previously described. Next, all of
the remaining friction ridge detail on the phalangeal areas
of the thumbs and fingers is recorded using 8" x 8" cards
or white bond paper firmly attached to the edge of a table.
Beginning with the right thumb, a thin coat of ink is applied
to all of the friction ridge detail with an ink roller, from the
base of the thumb to the tip, including the extreme sides

Recording Living and Postmortem Friction Ridge Exemplars

of the finger. Usually beginning at the lower left corner

of the paper, the extreme left side of the thumb is firmly
pressed on the paper. The thumb is removed by lifting
from the base of the thumb to the tip. This will record the
extreme left side of the thumb and tip. Next to this impres-
sion, the center of the thumb is placed on the paper and is
removed in the same manner, thus completely recording
the friction ridge detail from the base of the thumb to the
tip. The extreme right side of the thumb is then placed to
the right of the center portion, thus recording the extreme
right side of the thumb and tip. Lastly, above the three
recorded areas of the thumb, the extreme left side of the
tip of the thumb is placed on the paper and rolled to the
extreme right side with one continuous motion. This group
of recorded friction ridge details of the thumb should be
labeled "#17 or “right thumb’ above the rolled tip (Figure
4-6). This process should be repeated with the remaining
four fingers of the right hand, moving counterclockwise
around the paper.

Another method that is preferred by some latent print

examiners is to roll the entire finger with one continuous
motion from extreme side to extreme side, including the
lower phalanges, to ensure continuity of the impression.

*The Scientific Working Group on Friction Ridge Analysis, Study and Technology (SWGFAST) has proposed a change in terminology from “major case prints” to

“complete friction ridge exemplars” [SWGFAST, 2006, pp 619-627].

FIGURE 4-6
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The tip areas are also positioned and recorded above these
impressions in the same manner.

This procedure is then repeated for the left hand. To com-
plete the major case print process, a legible and completely
recorded set of palmprints is then recorded in the previously
described manner.

On occasion it may become necessary to record a sub-
ject’s footprints. The same basic procedures as with record-
ing palmprints are used; however, because of the large size
of an adult foot, a larger cylinder and paper must be used.

The cylinder used for this process should be approximately
5" in diameter and should hold an 8.5” x 14" (legal size)
sheet of heavy white bond paper attached to the cylinder,
as previously described. The foot should be rolled across
the paper in the same manner as the palmprints, in one
smooth, continuous motion from the heel of the foot
toward the toe, with the toes passing completely over the
cylinder. Recordings of the feet may also be obtained by
applying ink to the bottoms of the subject’s feet with a
roller and instructing the subject to walk across paper that
has been laid out on the floor. This, however, requires coop-
eration from the subject and may not produce satisfactory
recordings, because excessive pressure and movement

of the feet may blur or smear the impressions. Another
method (Olsen, 1978, p 75) is to mount a card or paper

on a flat board. With the subject in a sitting position and
with the leg elevated and supported, the paper is pressed
against the subject’s inked foot.

Problems ranging from temporary disabilities (e.g., wounds
and blisters) to permanent disabilities (e.g., amputated
fingers, extra fingers, webbed fingers, arthritis, or palsy)
may be present when obtaining known standards. The
occupation of the subject (e.g., brick layer) may also affect
the ability to obtain legible recordings. In these cases, the
friction ridge detail may be affected or worn to the point
that a legible recording may be difficult. However, with
patience, skill, and some ingenuity, it is possible to obtain
satisfactory recordings.

Obtaining legible recordings from injured fingers or palms
can be difficult, so a notation of any temporary disabilities
(e.g., fresh cuts, wounds, bandaged fingers, or large blisters)
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should be made in the corresponding block on the finger
print or palmprint card. If classification or input into an AFIS
database is necessary, however, it is advisable to defer
recording the fingerprints of the subject, if possible, until
after the temporary injury has healed.

Certain occupations can also pose problems to friction
ridge skin, because people who consistently work with
their hands tend to have worn, rough, dry, or damaged
friction ridges on their fingers and palms, to the point that
it is difficult to obtain legible recordings of their friction ridge
detail. This problem may be overcome by applying skin-
softening lotion to the hands and fingers prior to record-
ing. In addition, applying a very small amount of ink to the
inking plate (so as not to get ink into the furrows and to
ensure that only the tops of the ridges will be covered)
may improve the fine detail (FBI, 1979, p 127).

These same techniques are also useful when obtaining
known standards from elderly individuals or small children
with very fine ridge detail. The use of ice held against the
friction ridge skin may also facilitate the recording of the
fine detail (Olsen, 1978, p 83). On occasion, a subject’s
friction ridges may be so fine that the ink completely cov-
ers the ridges and furrows. In these cases, instead of using
ink, using a brush to lightly dust the friction ridge skin with
black fingerprint powder may be necessary to record the
very fine friction ridge detail. White opaque lifting material
(e.g., Handiprint®) with a transparent cover is then used to
record the impressions directly from the fingers (Olsen,
1978, p 84). The finger numbers should be marked on the
transparent covers to prevent any confusion and to ensure
the correct orientation of the impressions. The lifts are then
cut to fit inside the appropriate blocks on the fingerprint
card and are secured with clear tape.

A notation of any permanent disabilities should be re-
corded in the appropriate block on the fingerprint card
(e.g., “missing at birth” if the subject was born without
certain fingers). In cases of amputation, a notation should
be made in the appropriate block on the fingerprint card.
If only a portion of the first joint of the finger is affected, it
should be recorded as completely as possible and a nota-
tion should be made.

In cases of bent or disfigured fingers, the tools (e.g., spe-
cial ink rollers or spatulas and a curved strip holder) that are
used for obtaining prints from deceased individuals can be
used to record the friction ridge detail.
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If a subject has more than 10 fingers (polydactyly), the
thumb and the 4 fingers next to the thumb should be
recorded on the fingerprint card in the usual manner. Any
remaining fingers should be recorded on the other side of
the card, and a notation should be made. Webbed fingers
(syndactyly) should be recorded as completely as possible,
also with a notation on the card concerning this congenital
abnormality (FBI, 1979, p 128).

4.4 Recording Postmortem Friction
Ridge Detail

One of the most challenging, and also rewarding, aspects
of latent print examination is the determination of the
identity of deceased individuals. Various methods and
techniques may be used to facilitate the successful record-
ing and preservation of postmortem friction ridge detail. In
circumstances involving unknown deceased infants, it is
often necessary to obtain postmortem footprints, because
hospital personnel usually record only footprint standards
of newborn babies.

When decomposition, desiccation (dryness), or maceration
(separation and softening of skin by soaking in liquid) of the
friction ridge skin precludes satisfactory recordings with
traditional methods, the hands, fingers, or feet of the de-
ceased may be surgically removed by a medical examiner
and submitted to a laboratory, where advanced procedures
may be conducted.

Many techniques have been developed to effectively
process postmortem friction ridge skin. It is important to

FIGURE 4-7

A spoon-shaped tool
with fingerprint card
used for postmortem
friction ridge recording.
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realize that successful development, recording, and indi-
vidualization of an often small area of available friction ridge
skin could be the most valuable lead in solving a homicide
case or in providing closure to a grieving family. Therefore,
the latent print examiner must have experience and knowl-
edge in this area. The condition of the friction ridge skin will
dictate the various methods and techniques that should be
used to successfully record valuable friction ridge detail.

Recording the friction ridge detail from deceased individu-
als can, at times, present quite a challenge. Satisfactory
recordings of recently deceased individuals can most often
be performed much like recording the prints of live individu-
als, utilizing some specific tools to facilitate this process.
Obtaining recordings of friction ridge detail from skin that
is decomposed, mummified, charred, or macerated, how-
ever, may be much more difficult.

4.4.1 General Recording of Recently
Deceased Subjects

If the hands are in reasonably good condition, obtaining
satisfactory recordings of the friction ridge detail from the
fingers is usually accomplished by straightening the fingers
and flattening the palm. To facilitate this process, the
deceased should be positioned with the face and palms
down on a table (prone position) (FBI, 1979, p 136). The
fingers and palms should be clean and dry. If rigor mortis
(stiffening of the muscles) has set in, it is possible to break
the rigor by forcibly straightening the digits, which can then
be recorded by using equipment intended for this purpose
(e.g., a spoon-shaped tool, as seen in Figure 4-7). As
always, prior to handling any type of biohazardous material,
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care should be taken to ensure that personal protective
equipment (e.g., gloves, face mask, and eye protection) is
worn at all times.

If only the fingers are of concern, it is possible to print
them by pressing on the finger just above the knuckle. This
will straighten the finger and separate it from the others,
facilitating proper recording. The palm can be recorded by
bending it forward at the wrist. It may be possible to obtain
adequate recordings by recording various areas of the palm
separately (Cowger, 1983, p 29). If rigor mortis is present,
“It is better to take advantage of this condition than to try
to overcome it, by bending the wrist still further toward the
inner forearm and pressing the fingers one at a time to-
ward the palm or wrist. In this position, they separate and
straighten out in such a way that each finger can be printed
without interference” (Olsen, 1978, p 85). “If breaking rigor
is difficult or ineffective, or if the hand is so curled that

the fingers or palm will not straighten sufficiently when
pressed inward, it may be necessary to cut the tendons
which cause the curling to occur” (Cowger, 1983, p 29). (It
is advisable that only legally designated persons perform
this activity, because there are restrictions in some jurisdic-
tions concerning the dissection of human remains.)

There are many satisfactory methods of applying ink to
the fingers of a deceased individual. One method is to

use a spatula that contains a thin coat of ink that has been
applied by an ink roller. The ink is then transferred to the
fingers by manually rolling it around the fingers. A standard
fingerprint card may then be cut into two strips of five
blocks or into single blocks. A strip holder or spoon is used
to hold the strip. The strip or block is then placed in the
spoon with the top of the strip toward the handle of the
spoon. The inked fingers are then rolled in their corre-
sponding blocks from nail edge to nail edge, as previously
described. This procedure is repeated on different strips
until legible impressions are obtained. If individual cards
are used, it is advisable to have more than 10 squares cut
and ready in case some of them are ruined or the pattern
area is not completely recorded (Olsen, 1978, p 86). An-
other method for extremely difficult cases is to use black
fingerprint powder and white adhesive lifting material such
as Handiprint®.
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Putrefied skin (skin that is in a state of decomposition or
rotting) is fragile. Such putrefaction is usually a result of
various biological factors such as bacteria, fungi, or fer
mentation. Parasites may have also infiltrated this necrotic
tissue. Extreme care should be exercised when examining
and handling this fragile friction ridge skin.

If, upon examination, friction ridge skin is present, discern-
ible, and not badly damaged, it may be possible, using
extreme care, to simply ink and record the friction ridge
skin. However, if the friction ridge skin is rubbery and is
separating from the underlying tissues or is too fragile for
the technician to apply ink in the usual manner, the friction
ridge skin may be removed from the underlying tissue. The
skin must then be cleaned and dried and may be recorded
by placing each finger, or friction ridge skin, over the techni-
cian's gloved finger or palm to ink and record as if the friction
ridge skin were the technician’s. As always, care in docu-
menting which fingers are recorded is important. It is also
recommended to photograph the visible ridge detail prior
to any technique that may cause further deterioration of
the friction skin.

A 10-15% soaking solution of formaldehyde may be used in
extreme cases to firm up the skin to facilitate this process.
Formaldehyde, however, can cause the skin to become
very firm and brittle, causing the skin to split. The skin
should soak for an hour or so until sufficiently firm. Once
hardened, the friction ridge skin should be removed, patted
dry, and recorded (FBI, 1979, pp 143-144). Another similar
method suggests soaking the fingers or friction skin in 10%
formaldehyde solution for several hours. The skin is then
rinsed gently with running water, rinsed in laboratory-quality
isopropanol to remove any excess moisture, patted dry, and
recorded as previously described (Miller, 1995, p 603).

In many cases, especially if the decomposition is ad-
vanced, discernible friction ridge detail may not be present
because the top layers of friction ridge skin may be com-
pletely decomposed or destroyed. In these instances, the
bottom layers or underside of the friction ridge skin, as well
as the dermis, may reveal discernible friction ridge detail
and can be recorded successfully.
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One method that is used to record the underside of friction
ridge skin is lightly coating the underside of the epidermal
layer of the friction ridge skin with fingerprint powder before
applying ink. The underside of the friction ridge skin is then
rolled on a section of the adhesive side of fingerprint lift tape
(Rice, 19883, p 100).

To proceed, the friction ridge skin must be completely
dried by placing the skin between paper towels. With the
underside of the epidermal layer of the skin exposed, it is
lightly dusted with black fingerprint powder and positioned
over the technician’s own gloved finger. The skin is then
coated using an ink roller in the usual manner or rolled on
an inking slab that has been coated with ink to apply a thin,
even coat of fingerprint ink. The fingerprint powder is nec-
essary to facilitate removal of the skin from the tape. The
skin is then rolled across the adhesive side of a section of
transparent or frosted fingerprint tape. It is important to
note that the impression resulting from this method on the
adhesive side of the tape will be in the correct orientation
for comparison when placed adhesive-side down in the
appropriate block on the fingerprint card, or, if recording
palms, on the palmprint card. The impressions will be ton-
ally reversed (white ridges) because the furrows (valleys),
as opposed to the ridges, will be inked and recorded. If
necessary, tonal reversal can be corrected photographically
(Rice, 1988a, pp 98-100).

If the friction ridge skin is too brittle to attempt the previ-
ously described methods, the underside of the friction
ridge skin may be photographed. To accomplish this, “it
may be advisable to trim the skin, flatten it out between
two pieces of glass, and photograph it in that position”
(FBI, 1979, p 144).

The skin is trimmed by carefully and meticulously remov-
ing the excess flesh by scraping, cutting, and trimming
until only the friction ridge skin remains and can be flat-
tened satisfactorily between two pieces of glass. Another
method to further enhance friction ridge detail is to use
transmitted lighting. This is accomplished by shining a
light through the skin toward the lens of the camera
when photographing. If the skin is still not transparent
enough, soaking the skin in xylene for approximately five
minutes before photographing or keeping the skin im-
mersed in xylene while photographing is recommended.
Once a suitable photograph is obtained, the negative may
be printed as necessary to provide correct orientation
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of the impression for subsequent comparison to known
standards (FBI, 1979, pp 145-147).

Maceration occurs when friction ridge skin is immersed,
usually in water, for an extended period of time. The epider
mal layer absorbs water, often swells, and can loosen from
the dermis within a few hours after immersion (FBI, 1979,
p 151).

If the friction ridge skin is not too badly damaged, the skin
should be carefully cleaned, wiped with alcohol, and record-
ed as previously described for recently deceased subjects. If
the skin has separated from the dermal layer and is wrin-
kled, it may be possible to pull the skin from the back of the
finger to smooth out the pattern area by pinching the skin
tightly. This will facilitate inking and recording (FBI, 1979, p
151). Stretching of the friction ridge skin in this manner may
also facilitate the recording of palmprints and footprints.

It is important to note that this type of process may
enlarge the pattern area of the fingers, which may be
significant when conducting an AFIS search with some
systems. The epidermis from a “de-gloved” hand can be
as much as 33% larger than the dermis. For this reason, if
an AFIS search does not reveal an individualization using
the original recording, the print should be searched again at
70% of its original size (Leas, 20086).

In such instances when the skin is wrinkled but not pliable,
thus not allowing the skin to be stretched smoothly across
the pattern area, tissue builder or glycerin may be injected
into the bulb of the finger to round out the pattern area.

A string tied just above the injection site will help prevent
the fluid from escaping. Often, the skin may be loose and
somewhat damaged yet have most of the pattern area

still intact. If this is the case, the friction ridge skin should
be carefully removed, cleaned, and placed in alcohol for
about one minute. The skin is then carefully placed over the
technician’s gloved finger to facilitate inking and recording
(FBI, 1979, p 151).

As always, friction ridge detail may also be photographed
on the finger or cut and prepared, as previously described
for decomposed friction ridge skin, to be placed between
two pieces of glass and photographed with reflected or
transmitted light. If no discernible friction ridge detail is
present on the outer layers of the epidermis, it is possible



that the underside of the epidermis or the top of the dermis
may be recorded or photographed, as described previously
for decomposed friction ridge skin.

For situations in which the epidermis is missing or has been
totally destroyed because of prolonged immersion in a
liquid, a method known as osmotic rehydration (the boiling
method) can produce very satisfactory results. This method
produces the best results when used on hands or feet that
are soft and pliable, with no epidermis present, and with the
ridges of the dermis appearing flat. The hot water plumps
the dermis, thus facilitating the recording of the ridges. To
proceed, water is heated in a pot to just below boiling point
(~200 °F) and maintained at this temperature. The friction
ridge skin being processed is immersed in the heated
water for 10 seconds. A shorter time is recommended for
fine ridge detail (e.g., as children have) or where advanced
decomposition is present. A longer time, up to 30 seconds,
may be necessary at the examiner’s discretion. The raised
friction ridge detail should be carefully cleaned, if necessary,
with a soft-bristled toothbrush and water in the direction of
the ridge flow, wiped with alcohol, and lightly dusted with
black fingerprint powder. A white adhesive lifting material is
then used to record and preserve the friction ridge detail
(Leas, 2006) (Figure 4-8).

4.4.4 Recording Desiccated Friction
Ridge Skin

Traditional methods to obtain recordings of friction ridge
detail from desiccated skin usually involve removing the

FIGURE 4-8

Photographs of macerated
hand before (top hand)
and after (bottom hand)
“boiling” treatment.

(Photo courtesy of the
FBI Disaster Squad.)

hands or feet and subjecting the skin to many hours of
potentially destructive chemical rehydration soaking and
softening techniques. Although these methods work well
to rehydrate the friction ridge skin, and will be discussed in
further detail, a much less destructive and time-consuming
method is available. This method involves the use of a sili-
cone product (Mikrosil) to successfully record friction ridge
detail that has been subjected to various types of destruc-
tive conditions such as desiccation, hardening, or wrinkling.
Removal of the hands or feet is not always necessary, and
this procedure may be accomplished at the mortuary or
morgue.

To begin, the friction ridge skin must be cleaned and dried.
The fingers should be separated to keep the silicone casts
from sticking together. A light coat of black fingerprint
powder is applied with a soft fingerprint brush to the fric-
tion ridges. The casting material is then mixed according

to the included instructions and applied to each finger or
other areas of friction ridge skin. After approximately 15
minutes, the casts are peeled off one at a time and marked
accordingly, thus revealing a “high contrast, highly detailed,
three-dimensional mold” (Tomboc and Schrader, 2005, p
473) (Figure 4-9). These silicone casts may then be photo-
graphed and preserved. When the casts are examined, the
friction ridge details will be black and will be in the same
orientation as if they had been recorded on a fingerprint or
palmprint card. On severely damaged or decomposed fric-
tion ridge skin, Greenwop powder, which fluoresces under
ultraviolet light, and black casting material may also be used.
The resulting casts are then photographed using ulraviolet
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FIGURE 4-9

light (Tomboc and Schrader, 2005, p 474). If this method
should fail to produce discernible friction ridge detail, the
traditional methods of rehydration and softening must be
implemented. Once the skin is rehydrated and softened,
the Mikrosil method may be used subsequent to the tradi-
tional methods to facilitate satisfactory recordings of any
restored friction ridge detail.

This method is used primarily when extreme drying and
dehydration of the friction ridge skin has caused exces-
sive shriveling and wrinkling of the tissues, thus preclud-
ing sufficient recordings using less destructive methods.
Individual fingers or toes should be placed in separate 75
mL capped bottles, nail-side down. The bottles should be
labeled with the subject’s name, case number, and the
finger or toe number. Photographs should be taken of any
friction ridge detail prior to the rehydration process, because
this procedure is potentially destructive to the tissues.

It is advisable to start with one finger before processing
the remaining fingers, in order to determine the degree

of destruction caused by the process. The 75 mL capped
bottles are filled with enough 1% to 3% sodium or potas-
sium hydroxide (FBI, 1979, pp 147-148) solution to cover
the friction ridge detail. The capped bottles are refrigerated
for approximately 24 to 48 hours (Rice, 1988b, p 153). Each
bottle should be checked every 4 to 6 hours for excessive
destruction. The friction ridge detail is checked periodically
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until the inner layers of skin are pliable such that the skin
will give slightly under pressure. As previously mentioned,
sodium and potassium hydroxide solutions are destructive
to the tissues and will cause shedding of some of the outer
layers of friction ridge skin. The outer layers of the friction
ridge skin may be removed by gently brushing the skin (in
the direction of the ridge flow) under warm running water
with a soft-bristled toothbrush containing powdered hand
cleaner. If the ridge detail is prominent, and the friction
ridge skin is soft and pliable, the skin is then ready to be
recorded. At this point, the epidermis should be white and
soft. If, however, the friction ridge skin appears flat and
stiff, it may then be soaked in a solution of dishwashing
liquid and water in the same manner as with the hydrox-
ide solution. (If this step is needed, one tablespoon of

the dishwashing liquid should be placed in the 75 mL jar
with enough warm water added to cover the friction ridge
detail.) The friction ridge skin should soak at room tempera-
ture for approximately 24 to 48 hours, again being checked
every 4 to 6 hours. This process may also cause further
shedding of the tissues, which should be removed using a
soft-bristled toothbrush, as described previously.

Once the friction ridge skin is soft and pliable with promi-
nent and discernible friction ridge detail, the friction ridge
skin is ready to be recorded. The length of time the skin
should soak in these solutions depends on the extent of
desiccation. However, if left too long, the friction ridge skin
could potentially be destroyed (Rice, 1988b, pp 152-155).
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4.4.6 Recording Rehydrated Friction
Ridge Skin

Although the rehydration process should cause the friction
ridge skin to become soft and pliable, the loose and wrinkled
friction ridge skin may make recording difficult with some
methods. As always, to avoid confusion, the fingers should
be recorded one at a time. The previously described
method of recording rehydrated friction skin (Tomboc and
Schrader, 2005, pp 471-479) has been found to be suc-
cessful after rehydrating with traditional methods. How-
ever, another procedure (Rice, 1988b, pp 152-155) involves
the use of tissue builder or glycerin to “fill out” the friction
ridge skin by carefully injecting the material into the tip

of the finger, from the nail side toward the center of the
finger, after the skin has been rehydrated.

To begin, the fingers should be tied with string around the
distal phalangeal joint (first joint) to prevent the material

to be injected from escaping. Enough material is injected
into the finger to round out the friction ridge skin, enabling
successful recording. A locking hemostat is then clamped
to the finger as an extension of the finger to facilitate the
recording process. The finger must now be completely dry
for proper adhesion of the fingerprint ink. To accomplish
this, the finger should be gently dried with paper towels
and lightly dusted with fingerprint powder. Excess moisture
and powder may be removed by rolling the finger on paper
towels until the fingers are sufficiently dry. The friction
ridge skin is then coated with a thin layer of fingerprint

FIGURE 4-10

Lifting sheet is
placed on top of
duct seal. (Photo
courtesy of the FBI
Latent Print Unit.)

ink, either by rolling on an inked plate or by rolling ink on
the friction ridge skin with an ink roller. The finger is then
recorded in the usual manner by applying light pressure
to the nail side of the finger while rolling it on an index
card or other suitable recording card. This process should
be repeated until satisfactory results are obtained. The
recorded prints are then placed in the appropriate blocks
on a standard fingerprint card.

If satisfactory results cannot be obtained using this ink-
and-roll method, it is possible to obtain satisfactory record-
ings using powder and lifting tape (Rice, 1988b, p 155). A
light dusting of black fingerprint powder is applied to the
friction ridge detail. A piece of lifting tape is then placed on
the friction ridge detail at one side and lightly pressed over
the friction ridge detail to the other side while smoothing.
The tape is then removed and placed on a piece of clear
Mylartype plastic. One might also use white opaque lifting
sheets with a transparent cover (Olsen, 1978, p 98).

Putty can serve as a cushion on which to roll the finger.
Putty (i.e., duct seal) is moldable and nondrying. (It is used
in plumbing and electrical work and is available in hardware
stores.) A ball of duct seal is placed on the working surface
and flattened. A piece of a lifting sheet is placed on top of
the duct seal and the powdered finger is rolled onto the
lifting sheet (Figures 4-10 and 4-11). The duct seal allows
the lifting sheet to mold into the extreme wrinkles of the
finger, creating a fingerprint impression of the entire area
of the finger (Figure 4-12).
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FIGURE 4-11

The powdered
finger is rolled
onto the lifting
sheet. (Photo
courtesy of the FBI
Latent Print Unit.)

FIGURE 4-12

Postmortem fingerprint
on lifting sheet.

(Photo courtesy of the
FBI Latent Print Unit.)

Regardless of the tape that is used, the recorded impres-
sion is now placed in the appropriate block (adhesive-side
up) on the fingerprint card with the correct orientation.
(When using transparent fingerprint tape, if the recorded
impression were to be placed adhesive-side down on the fin-
gerprint card, the fingerprint impression would be reversed.)
The clear lift should then be marked directly on the lift with
the correct orientation, finger number, and all other appropri-
ate markings.

4.4.7 Recording Charred Friction Ridge Skin

On occasion, it may be necessary to obtain recordings

of friction ridge detail that has been subjected to intense
fire. Charring of the skin can occur, producing very brittle,
often easily destroyed skin. Care must be exercised not to
destroy the epidermal layer of friction ridge skin

should removal of the hands or feet become necessary. As
a worst-case scenario for severely charred skin, photog-
raphy of any discernible friction ridge detail using oblique
(side-to-side) lighting may be the only method that will
produce satisfactory results (FBI, 1979, p 150).
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The correct procedure to record friction ridge detail that
has been subjected to desiccation and charring will be
determined by the level of destruction to the friction ridge
skin. Fortunately, in some cases, the friction ridge skin on
the fingers and palms is somewhat protected by the tight-
ening of the flexor muscles, ligaments, and tendons in the
hands and arms which, as a result of intense heat, draw
the fingers into a tightly clenched fist (pugilistic attitude).
Intense heat also tends to cause a separation of the epider
mal layer from the dermal layer of the friction ridge skin.

One method involves completing the separation of the
epidermal layer from the dermal layer of the skin through
refrigeration (Rice, 1992, pp 18-25). To facilitate inking and
recording, an ink roller is used to deposit a thin coat of ink
onto the pattern (ridge side) of the skin. The skin is then
flipped over and rolled on the backside, recording the fric-
tion ridge detail on a standard card.

To begin this procedure, the hands (or feet) are removed by
a medical examiner or pathologist and placed into separate
containers labeled with appropriate markings. The contain-
ers are then refrigerated for approximately 5 to 7 days,
checking each day for skin separation. When the skin sepa-
rates, it is milky-white and looks “like a wrinkled latex glove
that is one size too large for the wearer” (Rice, 1992, p 19).
Subsequent to the removal of the skin, any loose, charred
flesh or foreign material should be carefully removed by
lightly brushing with a soft-bristled toothbrush to expose

as much discernible friction ridge detail as possible. In
addition, examinations should be conducted separately to
prevent any mix-up of friction ridge skin. The friction ridge
skin is then removed from the palms by carefully cutting
along the outer edges with curved-tip scissors. Incisions
are also made at the base of the palms, the base of the
fingers, and at the base of the thumbs. Friction ridge skin
from the feet is removed by making incisions along the
outer edges of the feet, at the base of the heels, and at the
base of the toes.

The connecting tissue between the epidermal and dermal
layers is then carefully cut with scissors pointed away

from the skin. The epidermal layer of the skin is then lifted
away from the dermal layer. The separated friction ridge skin
is then immersed in warm water for a few seconds and is

laid flat to enable further gentle cleansing. A small amount of
dishwashing liquid is applied to a very soft-bristled toothbrush,
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which is then very carefully used to clean out any remaining
debris by brushing in the direction of the ridge flow to prevent
damage to the ridges. During this process, the skin should be
rinsed frequently in clean, warm water. After the skin is suf-
ficiently cleaned and rinsed, it should be carefully blotted dry
with paper towels.

To record the friction ridge detail from this skin, an ink roller
is lightly coated with ink using an inking plate in the same
manner as when recording inked standards from a live
person. The friction ridge skin to be recorded is then placed
on a hard flat surface, ridge-side up. With gentle pressure,
and while the skin is held in place, the ink is rolled onto
the skin. The skin is then flipped over, ridge side down,
onto a standard 8" x 8" recording card, and while the skin
is held in place, the roller is then gently rolled across the
skin, pressing the ink onto the card. This method should be
repeated until a satisfactory recording is produced.

Fingers and toes can also be recorded in this manner, tak-
ing care to remove, label, and examine them separately to
prevent confusion. To remove the friction ridge skin from
toes and fingers, incisions at the base of the digits, along
the extreme sides, and around the insides of the nail are
recommended, being careful not to damage any of the pat-
tern areas. The friction ridge skin is then removed by cut-
ting the connecting tissue starting from the base, as with
removal of the palm areas. Cleaning, drying, inking, and
recording are performed in the same manner as previously
described (Rice, 1992, pp 18-25).

4.5 Summary

The methods and techniques described in this chapter for
recording living and postmortem friction ridge detail are
appropriate for the vast majority of conditions and circum-
stances. However, it is possible that an unusual circum-
stance will arise that may require extra patience and skill
to achieve the most desirable results. Quality recordings
from live subjects are usually not too difficult to obtain, as
long as the subject is cooperative. Recording postmortem
friction ridge detail, however, may become more of a chal-
lenge because of the varying conditions of the friction ridge
skin. There are also many levels of difficulty associated with
this endeavor, which is why proper training, experience, and
determination are essential.
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5.1 Introduction to Classification
Systems

The concept of friction ridge individualization as an infal-
lible means of individualization is rooted in the history of
man and our inherent need to individualize ourselves, and
be individualized, in an everexpanding world. As popula-
tions grew and cities filled with differing classes of people,
the populations of jails and prisons grew also. The ability
to accurately identify repeat offenders was critical to the
effectiveness of criminal justice institutions. It became
paramount that an accurate method of individualization

be developed.

5.2 Criminal ldentification
of the Past

Prior to any type of scientific criminal identification, the
criminal justice community used purely visible methods to
determine identity. These methods involved tattoos or
scarification to denote criminals. However, this type of
identification was seen as barbaric and inefficient. It was not
until the advent of photography that a more humane method
of criminal identification was devised.

This method involved taking photographs of all those who
were arrested and incorporating the photographs into a
compendium of identification, known as a rogues’ gallery.
(For more on rogues’ galleries, see Chapter 8.) The use of
the rogues’ gallery as means of criminal identification soon
proved nonscientific and ineffective because, when offend-
ers were released, they could change their appearance.

A simple haircut and change of clothes could render the
offender unrecognizable. Additionally, many police depart-
ments lacked the insight to standardize the photographs that
were taken of those who were arrested (Dilworth, 1977 p 1).

- CHAPIER:
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For example, women kept their hats on and veils down, with
their heads tilted, when being photographed for the gallery.
Yet, for the criminal justice community, photography was the
only means of documenting the identity of criminals.

Alphonse Bertillon began his public service career in 1879
when, having fulfilled his military service in the French
army, he joined the Paris Prefecture of Police as a clerk in
the Identification Division. He was tasked with the mono-
tonous job of recording on index cards the physical descrip-
tions of individuals who had been arrested. At the time,
this was the only method that was available to identify
recidivists.

Bertillon's first contribution to the reorganization of the
department’s criminal files was to incorporate the use of
standard photography. Previous photography had been hap-
hazard and inconsistent. Within a month of his appointment
as a records clerk, he started an organized and standard
system of photography. This system entailed the taking of
full-face and profile portraits of the criminals entering the
criminal justice system.

In 1882, having contributed greatly to the existing substan-
dard method of criminal identification, Bertillon took on

the task of establishing the identity of recidivists through a
more scientific means (Rhodes, 1956, pp 71-101). Reflect-
ing upon his family’s professions as statisticians, demog-
raphers, and physicians, he embarked on the creation of a
standard method of identification that was based on the
measurement of specific body parts: anthropometry. He be-
lieved that by recording the body measurements of a crimi-
nal, he was establishing that criminal’s body formula which
would apply to that one person and would not change.

By 1883, Bertillon believed that he had devised a complete
system of criminal identification. The information that was
recorded was divided into three sections: (1) descriptive
data such as height, weight, and eye color; (2) body marks
such as scars, tattoos, and deformities; and (3) body mea-
surements. He chose 11 specific body measurements that
he thought could be easily and accurately measured. To
create a system of classification that would be manageable

* For more information on Bertillon and the other scientists discussed in this
chapter, see chapter 1.
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and productive, each of the 11 measurements was further
subdivided into three variation range groups.

This classification system became the first scientific
system that was used to identify criminals. In fact, in 1884,
Bertillonage, as his system came to be known, identified
241 repeat offenders (Beavan, 2001, p 91). Because of this
impressive track record, other European and American
criminal justice institutions quickly adopted Bertillonage.

As more police institutions began to maintain Bertillon
records, it became apparent that the system was flawed
and was merely a band-aid on the still-evident problem of
reliable criminal identification. The foremost problem was
that measurements taken by different officers were either
different enough to preclude future identifications or similar
enough to identify two individuals as the same person.

Another problem was that the 243 basic categories in

the system were sufficient for an agency handling 5,000
to 10,000 records, but collections that exceeded 10,000
records presented problems; officers found themselves
searching through categories that contained an unwieldy
amount of cards. The time that was required to check for
duplicate records increased from a few minutes to several
hours. Additionally, the aging process could affect the
accuracy of the measurements, especially if the measure-
ments on record had been taken when the individual was
not fully grown.

The realization of these challenges, along with the introduc-
tion of fingerprints as a method of identification, would
eventually bring an end to use of the Bertillon system. Yet

it was not until the early 20th century that anthropometry
was completely dismissed as a method of criminal identifi-
cation in Europe and in the United States.

5.3 Beginnings of Classification

Johannes Evangelist Purkinje was a Czech professor of
pathology and physiology at the University of Breslau in
Prussia. He was a prolific scientist who made numerous
contributions to the field of medicine. He researched sweat
pores and skin, introduced the word plasma, devised new
methods of preparing microscope samples, and researched
visual phenomena (Jay, 2000, p 663).



In 1823, Purkinje published his most famous medical thesis,
Commentatio de Examine Physiologico Organi Visus et
Systematis Cutanei (A Commentary on the Physiological
Examination of the Organs of Vision and the Cutaneous
System). In this thesis, he described nine classifiable finger
print patterns (Ashbaugh, 1999, p 40): (1) transverse curve,
(2) central longitudinal stria, (3) oblique stripe, (4) oblique
loop, (5) almond whorl, (6) spiral whorl, (7) ellipse, (8) circle,
and (9) double whorl. At this time, this was the only detailed
description of fingerprint patterns to appear in the scientific
record. Although it is obvious that he recognized the clas-
sification element of friction ridge formations, he did not
associate them with any type of classification system for
use in personal identification (Faulds, 1905, p 33).

Dr. Henry Faulds was a Scottish physician and superinten-
dent of Tsukji Hospital in Tokyo, Japan. In the late 1870s,
Faulds developed a friendship with the American archae-
ologist Edward S. Morse. While assisting Morse during

an excavation, Faulds noticed the patent impression of a
fingerprint in a piece of broken clay. It was at this moment
that the connection between fingerprints and individualiza-
tion was formulated in his mind (Beavan, 2001, p 69).

Faulds devised a method of using ink to record the finger
print impressions of all 10 fingers on cards and soon had
collected thousands of fingerprint cards. His collection
became invaluable when the police accused a member of
his medical staff of attempted burglary, committed by scal-
ing the hospital wall and entering through a window. He
compared a latent print that had been found on the

wall with the accused staff member’s fingerprints in his
collection and determined that the latent print had not
been left by his staff member.

Realizing that fingerprints could be the solution to the
burgeoning problem of criminal identification, Faulds was
determined to prove that fingerprints were the key to ac-
curate and reliable personal individualization. To prove his
theory, Faulds researched the permanence and individu-
ality of fingerprints. To prove individuality, he compared

the thousands of fingerprint cards he had collected and
determined that the fingerprints on each card were unique.
To prove permanence, Faulds and his medical students
used various means—razors, pumice stones, sandpaper,
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acids, and caustics—to remove their friction ridges. As he
had hoped, the friction ridges grew back exactly as they
had been before.

Faulds also needed to prove that fingerprints did not change
during the growth process. To this end, he observed the
fingerprints of growing children over a period of two years
and determined that friction ridges changed only in size and
not in unigueness.

Having determined the individuality and permanence of
fingerprints, Faulds published his findings in the journal
Nature (Faulds, 1880, p 605). In the article, he suggested
the use of fingerprints in criminal investigations and the
use of printer’s ink in obtaining fingerprints. In addition, he
mentioned two categories of fingerprint patterns: loops
and whorls.

During the next few years, Faulds developed a syllabic sys-
tem for classifying fingerprints (Faulds, 1912, pp 83-100).
He felt that learning this type of classification system
would be natural and quite easy for an identification official.
His idea was based on his perception that the human brain
can quickly associate an object with a sound.

In his system, each hand was represented by five syllables,
one syllable for each finger, with each syllable separated
by a hyphen. Syllables were constructed from an estab-
lished list of 21 consonants and 6 vowels representing set
fingerprint pattern characteristics (Table 5-1). For example,
one hand may be represented and spoken as “RA-RA-
RA-RA-RA! (In more complex examples, fingers may be
represented by two or more syllables).

Based solely on the primary breakdown of the consonants
alone, Faulds produced a classification system that had the
potential to create nearly 17 trillion classifications (Beaven,
2001, p 131).

In addition to creating a strand of syllables to represent
each hand, Faulds believed that there should be a single-
finger index. This index would prove useful in comparing
latent prints from a crime scene, provided that the syllable
of the latent print could be derived from the known single
prints on file.

In 1886, Faulds offered to establish a fingerprinting bureau
in Scotland Yard, at his expense, and to institute his finger
print classification system (Russell, 2004). However, Scot-
land Yard declined the offer and maintained Bertillonage as
the agency’s method of criminal identification.
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Table 5-1

Faulds’ description of syllables.

Consonant

Pattern Description

CH

Hook with short leg facing right

Hook with short leg facing left

Convex bow with left lineation

Convex bow with right lineation

Pear-shaped, free-floating

Pearshaped, fixed by stem

Spindle with one stem

Spindled with stems on both ends

Clockwise whorl

Counterclockwise whorl

Large circle/oval w/elements

Volcanic mountain peak

Flag-staff on mountain top

Loop with straight axis

Loop with curved axis

Sinuous with no angles

Zigzag with angularity

XNl |m|r|Zz|Z2|0|<|Z2|0o|~|O|4|T0|w|c

Nondescript

Aspirate used strictly for
pronunciation

Aspirate used strictly for
pronunciation

Pattern Description

Interior empty, simple

Three short ridges/dots

Simple detached line/no more than two
lines in heart of encircling pattern

Small circle/oval/dot in core

Fork with 2+ prongs in core

Fork with prongs turning away from
concavity
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Sir Francis Galton, cousin of Charles Darwin, was a noted
English scientist. Galton developed an interest in finger
prints in 1888 when he was asked to present a lecture on
personal identification. To prepare for the lecture, he re-
searched Bertillonage, the then-current method of personal
identification. After investigating the use of anthropometry
for criminal identification, he became a critic of the tech-
nique. His criticism stemmed from the observation that
Bertillon measurements did not take into account the cor
relation between stature and limb length (Galton, 1889, pp
403-405). He believed that the continued use of Bertillon-
age as a method of criminal identification would lead to an
unacceptably high rate of false identifications. He noted
also that the taking of Bertillon measurements was time-
consuming and the measurements could vary, depending
on who was taking them.

As a result of his distaste for anthropometry, Galton re-
searched the use of fingerprints for personal individualiza-
tion. His research led him to Faulds’ article in Nature and a
rebuttal letter that same year by Sir William Herschel that
stated that he had discovered fingerprint individualization
first and had been using it in India since 1860 (Herschel,
1880, p 76). Soon after, Galton began corresponding with
Herschel and obtained his collection of fingerprint data.

After four years of intensive study and research, Galton
published his famous book Finger Prints (1892) in which
he established that fingerprints are both permanent and
unique. He also realized that for fingerprints to become a
viable method of personal individualization, a systematic,
understandable, and applicable system of fingerprint clas-
sification had to be developed.

In his book, Galton formulated a classification system that
was based on the alphabetical enumerations of the three
fingerprint patterns: L represented a loop, W represented
a whorl, and A represented an arch. To classify a set of fin-
gerprints, the pattern for each finger was labeled with one
of these three letters. The letters for the right hand’s index,
middle, and ring fingers were grouped together, followed
by the letters for the left hand’s index, middle, and ring
fingers. After this string of letters, the letters for the right
thumb and right little finger were recorded, followed by the
letters for the left thumb and left little finger. For example, a



person with the right hand possessing all whorls except for
the little finger having a loop, and the left hand having all
loops except for the little finger having a whorl, would have
the following classification: WWWLLLWLLW. This classifi-
cation code would then be recorded on a card and the card
filed alphabetically by this classification.

Two years after the publication of his book, Galton’s elemen-
tary fingerprint classification system was incorporated into
the Bertillonage files at Scotland Yard. Although this was a
success for him, his classification system proved too rudi-
mentary for a large number of files and would not stand on
its own as a method of cataloging and classifying criminals.

5.4 Birth of Modern Classification
Systems

Juan Vucetich was born in Croatia and immigrated to
Argentina in 1882. Within four years, he was working at
the Buenos Aires Police Department, collecting arrest and
crime statistics. Within a few more years, Vucetich became
head of the Office of Identification.

During his tenure, Vucetich came to the realization that
Bertillonage was an ineffective method of criminal identifi-
cation. Concern regarding the mobility of criminals in and
out of Argentina prompted him to search for a more effec-
tive method of identification. His search ended when he
read the French journal Revue Scientifique (1891) detailing
Galton's research into the scientific use of fingerprints as

a means of individualization. After reading this article, he
began his campaign to incorporate the use of fingerprinting
into the criminal justice system of Argentina. His campaign
paid off, and that same year (1891), fingerprints replaced
Bertillonage at the Office of Identification. This was the first
occurrence of fingerprint individualization officially usurping
anthropometry.

Having achieved a major milestone, Vucetich realized that
for the science of fingerprints to be accepted worldwide,

a useful and manageable classification system had to be
created. Working from Galton’s overly general three-pattern
classification system, he quickly created a classification
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system that used subcategories to classify, file, and locate
fingerprint cards. He initially called his system icnofalan-
gomeétrica, meaning “finger track measurement” In 1896,
he renamed the system dactiloscopia, meaning “finger
description” (Rodriguez, 2004).

Vucetich's system was an expansion of the three patterns
established by Galton: the arch, the loop, and the whorl.
However, Vucetich further divided the loop into internal
loop (left slope) and external loop (right slope) categories,
creating four types of patterns: arch, internal loop, external
loop, and whorl.

The classification consisted of four single letters, repre-
senting the pattern on the thumb, and four single numbers,
representing the patterns on the remaining fingers (Table
5-2). Like Galton’s classification system, Vucetich's system
started with the right-hand thumb and ended with the left
little finger.

Table 5-2
Vucetich’s pattern-type symbols.
Pattern Thumbs Other Fingers
Arch A 1
Internal loop | 2
External loop E 3
Whorl V 4

The Vucetich classification system consisted of a basic
classification (called the primary) and a more descriptive
secondary classification using extensions. The primary
classification was divided into two groups: the numera-
tor and the denominator. The numerator was termed the
series and represented the right hand. The denominator
was termed the section and represented the left hand.
The right thumb (called the fundamental) and the remain-
ing right-hand fingers (called the division) represented the
series. The left thumb (called the subclassification) and the
remaining left-hand fingers (called the subdivision) repre-
sented the section. For example, if both the numerator and
denominator were A1141, then both the right hand and the
left hand had arches in all the fingers except for the ring
fingers, which had whorls.
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The secondary classification further subdivided the finger
prints into five subtypes: 5, 6, 7, 8, and 9. Each number
represented a further description of the pattern, applied

to either hand, and was placed as a superscript in paren-
theses (Table 5-3). When the pattern type was a normal
loop variety, the superscript defaulted to ridge count values
(Table 5-4).

Table 5-3
Vucetich’s secondary classification.
Pattern Superscript Description
Arch 5 Vaulted/Normal
6 Left-inclined
7 Right-inclined
8 Tent-shaped
9 All others
Internal loop 5 Normal flow
6 Invaded
7 Interrogatory
8 Hooked
9 All others
External loop Designation same
as Internal loop
Whorl 5 Normal
6 Sinuous
7 Ovoid
8 Hooked
9 All others
Table 5-4
Vucetich’s ridge count values.
Ridge Count Spread Superscript Value
1-5 5
6-10 10
11-15 15
16-20 20
Over 20 25
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For example, a person whose right-hand fingers all have
external (right slope) loops and whose left-hand fingers all
have internal (left slope) loops would have a Vucetich clas-
sification of:

E1ZOD 3(10) 3(5) 3(15) 3110)

|110) 215i 2(10) 2(10) 215D

In 1896, Vucetich published his new classification system
in a pamphlet entitled General Instructions for the Province
of Buenos Aires System of Identification. In 1904, he pub-
lished the book that would take his classification system
across the world: Dactiloscopia Comparada (Comparative
Fingerprinting): The New Argentine System.

In the early 1890s, Sir Edward Henry was the new Inspec-
tor General of the Bengal District Police in India and was
experiencing a common problem of the day: the inability to
accurately identify the native people. After reading Galton's
Finger Prints, he was convinced that he could create a logi-
cal and applicable system of fingerprint classification that
would enable fingerprints to become the sole system of
personal and criminal identification.

Henry returned to England in 1894 and developed a personal
and professional relationship with Galton. Galton provided
him with his personal research material, along with that of
Herschel and Faulds. With this information in hand, Henry
returned to India to solve the fingerprint classification
problem. Even without a classification system, in 1896 he
ordered his police officers to begin taking fingerprints along
with anthropometric measurements of Bengali prisoners.

Meanwhile, Henry assigned two of his police officers from
the Calcutta Anthropometric Bureau to work on the finger
print classification project. By 1897 the two officers, Azizul
Haque and Hem Chandra Bose, formulated a mathematical
method of dividing fingerprint records into a large number
of primary groupings that were based on Galton's finger
print pattern types.

The Henry system began with the formulation of the
primary. The primary was determined by assigning a value
to each of the 10 fingers, starting with the right thumb and
ending with the left little finger. This value was based on



the presence of a whorl on a particular finger (Table 5-5). If
the finger did not contain a whorl, it was assigned a value

of zero.

Table 5-5

Henry's primary values (Henry, 1900, pp 72-73).

Finger Number Value if Whorl

Right thumb 1 16
Right index 2 16
Right middle 3 8
Right ring 4 8
Right little 5 4
Left thumb 6 4
Left index 7 2
Left middle 8 2
Left ring 9 1
Left little 10 1

The primary was expressed in ratio form, with the numera-
tor representing the whorl values of the even fingers plus

1 and the denominator representing the whorl values of
the odd fingers plus 1. For example, if an individual had a
fingerprint record with a pattern series of all whorls, the
corresponding primary classification would be 32 over 32.
If a person had loops in the right and left index fingers, the
primary classification chart would be as follows:

Right Right Right Right Right
thumb index middle ring little
16 0 8 8 4
Left Left Left Left Left
thumb index middle ring little
4 0 2 1 1

Systems of Friction Ridge Classification | CHAPTER 5

The chart is then calculated as follows:

1 + (Sum of Even

Finger Values) 1+ (15) 16

1 + (Sum of Odd
Finger Values)

1+ (29) 30

This classification system allowed for 1,024 primary
groupings.

To the right of the primary was the secondary. The second-
ary was determined by the pattern types in the #2 and #7
fingers and was shown in the formula by capital letters
representing the pattern (A for arch, T for tented arch, R for
radial loop, U for ulnar loop, and W for whorl). To account
for the rarity of arches, tented arches, and radial loops in
nonindex fingers, these patterns were indicated by lower
case letters (a, t, r) and placed after the secondary. If one
of these patterns was present in the thumb(s), the small
letter was placed to the left of the primary. The subsecond-
ary was to the right of the secondary and represented the
ridge counts for loops or ridge tracing for whorls in the
remaining fingers.

This new classification system was so successful that in
March of 1897 the British Indian government instituted
the Henry classification system as the official method of
criminal identification. By 1900, the success of the Henry
system in India made Scotland Yard review its own identi-
fication system. This review resulted in the abandonment
of Bertillonage and the adoption of the Henry system. In
1901, Henry was transferred to Scotland Yard, where he
set up its first central fingerprint bureau and began training
officers in fingerprint classification.

Both Vucetich and Henry gained international recognition
in the arena of scientific criminal identification. Vucetich
traveled the world promoting his book, and Henry gained
the backing of the modern European world. Both sys-
tems were considered superior to Bertillonage, and both
systems had equal recognition in international police and
scientific circles.

5-9
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Table 5-6

Classifications based on Henry and Vucetich systems.

Table 5-7

Single-fingerprint systems.

Henry

Australian (Australia)
Budapest (Budapest)
Valladares (Portugal)
Pateer (Amsterdam)
Windt Kodicek (Germany)
Spirlet (The Hague)
Steegers (Cuba)

Conlay (Federated Malay States
Police)

American (New York City)

Flak Conley (Newark, NJ)

RCMP (Canada)

FBI Extensions (Washington, DC)

Henry-Vucetich

Daae (Norway)
Protivenski (Prague)
Oloriz (Madrid)
Martinez (Mexico)
Borgerhoff (Belgium)
Harvey Pacha (Egypt)
Cabezas (Valparaiso)
Klatt (Berlin)

Brussels (Belgium)
Roscher (Hamburg)
Japanese National
Lebedoff (Russia)
When (Berlin)
Smallegange (Holland)
Gasti (Italy)

Portillo (Barcelona)
Lyonnese (Lyon)

Jouenne (Colonial Service in French
West Africa)

5-10

Based on Existing
Classification Systems

Original Single-
Fingerprint Systems

Collins

Larson

Oloritz
Borgerhoff
Stockis

Gasti Register
Lyonnese

Neben Register of Roscher

Born
Moran
Code
Sagredo
Dresden
Barlow
Jaycox
Crosskey
Battley
Giraud and Henquel
Jorgensen

Monodacylus

As other agencies began to adopt these classification sys-

tems, the systems were often modified (Table 5-6). Modi-
fications involved the creation of extensions to produce
classification systems that could handle larger populations
(McGinnis, 1963, p 115). For example, the United States
Federal Bureau of Investigation (FBI) incorporated exten-
sions relating to the ridge counts and whorl tracings of spe-
cific fingers to split up the rapidly populating primary and

secondary groupings.

5.5 Single-Fingerprint Systems

Although the known-print classification systems were
useful for the identification of repeat offenders, they did
not aid in the apprehension of criminals by identifying
latent prints left at crime scenes. To address this limitation,

numerous single-fingerprint classification systems were
developed. Some of these systems were based on existing
known-print classification systems and some were fully

original (Table 5-7). Of all these single-fingerprint classifica-

tion systems, Chief Inspector Henry Battley and Detec-
tive Superintendent Fredrick Cherrill of New Scotland Yard
developed the most popular system.
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Ridge tracing [, M, O
Table 5-8 , ,
Circle reading of AH
Battley's subgroup designations (Cherrill, 1954, pp 82-90). right delta
Ridge count
Pattern Subdivisions Designation between left #
delta and core
Arches Plain arch 1 Ridge count
Left-sloping ) between right #
: : delta and core
Right-sloping S Radial or ulnar
Circle reading Twinned loops slope of R,U
Tented arches (summit of first A-H descending loop
platform ridge) Circle reading
Ridge count of core of A-H
Radial loops between delta # descending loop
and core Ridge count 4
Predetermined AL between loops
core definition Ridge count
Circle reading of AH between core 4
delta - and delta of
Ridge count descending loop
Ulnar loops between delta # Circle reading of A_H
and core left delta
Predetermined AL Ridge tracing [, M, O
core definitions - -
. : Circle reading of AH
Circle reading of A_H right delta =
delta Radial or ulnar
- : Lateral pocket
Whorls / Central | Circle reading of P slope of majority R, U
first recurving A-H loop of ridges
pocket loops ridge
Ridge count be-
_ Al tween delta and 4
Predetermined core of innermost
core definitions A2 loo
p
limited to small ) —
spirals in “A” A3 Composite No subdivision
circle reading Accidental No subdivision
A4
Circle reading of Severely scarred | Cannot classify
A-H
left delta

In 1929, Battley and Cherrill developed the idea of a
single-fingerprint system that did not require all 10 known
fingerprints of an individual. They postulated that latent
fingerprints found at a crime scene could be individualized
using a known print of the same finger of the offender.

The Battley system used 10 main patterns followed by ad-

ditional subdivisions, depending on the pattern designation
(Table 5-8). These additional subdivisions included radial or

ulnar inclination, ridge counts, ridge tracings, formation of
the core(s), position of the delta(s), and circle readings. A
specific subdivision, known as a circle reading, was derived
using a special magnifying glass with a plain glass win-
dow at the base. This base window consisted of a center
circle with a dot in the middle, designated as area A, and
seven concentric circles, each 2 mm in width, designated
B through H. The center dot was placed over a designated
point of the impression, and circle readings were taken
that were based on the position of specific formations.
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In the system, the known fingerprints from an arrest card
would be individually classified according to pattern and
established in 10 collections, one for each finger, from the
right thumb to the left little finger (i.e., No. 1 collection
through No. 10 collection).

Single-fingerprint cards were constructed by mounting

the specific fingerprint on a card and filling in particular
information in designated areas. This information included
the number and name of the digit, the criminal’s reference
number, the Henry classification, and the Battley classifica-
tion (Table 5-9).

Table 5-9
Battley index card.
TYPE CORE | Subgroup Designation
Subgroup Designation
Criminal 1D No. Subgroup Designation

) o Subgroup Designation
Finger No. & Description

Subgroup Designation

Henry Classification ) )
Subgroup Designation

Subgroup Designation

Adhered Fingerprint ] )
Subgroup Designation

From Known Exemplar - -
P Subgroup Designation

Subgroup Designation

The Battley system required a great deal of labor to classify
and maintain the collections. Eventually, the collections
became too large, and it became impossible to accurately
and quickly individualize a latent print from a crime scene
with a known single print on file.

As previously mentioned, there were single-print systems
other than the Battley system. Like Battley, these other
systems were based on the classification of individual
fingerprints, independent of the other fingers. These
systems were frequently based on existing systems or a
combination of existing systems and definitions used by
those systems.

Similar to Battley, most of the other systems were

based on predetermined pattern types (i.e., whorl, arch,
and loops) with further subclassifications, such as core
formations, delta position, ridge counts, and ridge trac-
ings. Although some systems were similar to the Battley
system, they differed in some respects because of added
subdivisions (Table 5-10). Some systems went into great
detail describing the patterns, some divided each print into
sections or zones and recorded the location of ridge char
acteristics within that area, and some further defined the
shapes of deltas (Bridges, 1963, pp 181-213).

5.6 Footprint and Palmprint
Classification Systems

The next logical step in the evolution of friction ridge class-
ification systems was the establishment of palmprint and
footprint classification systems. Footprints and palmprints
were being detected on evidence with enough frequency
to warrant the development of classification systems.

Along with the need for a footprint classification system
based on latent impression evidence, there was also a
need for such a classification system for filing the foot-
prints of newborn babies, military airmen, and people lack-
ing arms. Two main footprint classification systems were
developed and used over the years: the Federal Bureau of
Investigation system and the Chatterjee system.

5.6.1.1The FBI’s Footprint Classification System. The
FBI's classification system was a highly modified version

of the system developed by Wentworth and Wilder in their
landmark book Personal Identification (1918). The basis of
the FBI's classification system was the observance of the
ball area of the foot, directly below the large toe. This area
typically exhibits one of three types of pattern groups: arch,
loop, or whorl. Each group was designated by a letter and
was further divided by type and ridge count (for loop and
whorl patterns only) (FBI, 1985, p 24).

Arch patterns were designated by the letter “O" The O
group was further subdivided according to the flow of the
ridges. Type 1 subdivision (O1) indicated a vertical ridge
flow (i.e., ridges flowing from the big toe to the heel). Type
2 subdivision (02) indicated a horizontal ridge flow (i.e.,
ridges flowing from the big toe to the little toe). Looping
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Table 5-10

Single-print systems other than Battley
(Bridges, 1963, pp 181-213).

Name of Single-

Print System Subdivisions

Collins Pattern types
Ridge counts
Ridge tracing

Ridge characteristics

Sagredo

Primary from Oloritz ten-
print system

No delta pattern type
One delta pattern type
Two delta pattern type
Pattern inclination
Ridge counts

Ridge tracing

Delta type

Larson Pattern types
Inclination of pattern
Core type

Ridge characteristics
Delta type

Ridge tracing

Combinations

Dresden

Pattern type
Ridge counts

Pattern inclination

Neben Register of Roscher

Taken from Roscher ten-
print classification for each
finger

Primary from Oloriz

Oloriz .
tenprint system

Core type
Limiting lines (type lines)
Delta type

Apex angle

Lyonnese

Pattern type

Centro-basal angle from
Oloritz

Ridge tracing

Barlow

Pattern type
Core type
Pattern inclination

Ridge counts

Borgerhoff Pattern types
Ridge counts

Ridge tracing

Stockis Pattern types
Ridge counts
Apex angle
Core type
Delta type

Ridge tracing

Jaycox

Pattern type
Pattern inclination

Core type

Ridge characteristics of
core

Gasti Taken from Gasti (tenprint)
classification for each
finger

Jorgenson

Pattern type
Pattern inclination
Ridge counts

Core type

Delta position
Core to delta angle

Core diameter (whorl)

Born Pattern type

Zone scheme with marked

minutiae

Crosskey

Pattern type
Core type
Ridge counts

Presence of scar

5-13
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patterns were designated by the letter “L' and were further
subdivided into four types. Type a subdivision (La) indicated
a ridge flow entering and exiting toward the toes. Type

b and c subdivisions (Lb and Lc) indicated a ridge flow
entering and exiting the big toe-side of the foot. (Type b
indicated the right foot and Type ¢ indicated the left foot.)
Type d subdivision (Ld) indicated a ridge flow entering and
exiting toward the heel of the foot.

Whorl patterns were designated by the letter “W" and
were further subdivided into three types. Type w subdivi-
sion (Ww) indicated a whorl pattern that was either a plain
whorl or a central pocket loop whorl. Type d subdivision
(Wd) indicated a double loop whorl. Type x subdivision (Wx)
indicated an accidental whorl.

Like the Henry classification, the footprint classification
was expressed as a fraction, with the right foot as the nu-
merator and the left foot as the denominator. The fraction
was made up of the primary, secondary, final, and key. The
primary was the pattern group (O, L, or W) and was always
expressed as a capital letter. The secondary was the type
of subdivision and was placed to the right of the primary
(e.g., Ww). The final was the ridge count of the loop or
whorl pattern on the right foot and was placed to the right
of the secondary (e.g., Ww 25). The key was the ridge
count of the loop or whorl pattern on the left foot and was
placed to the left of the secondary (e.g., 25 Ww).

A complete footprint classification looked like:

La 32
25Wd

5.6.1.2 Chatterjee Footprint Classification System. A
system developed by Sri Salil Kumar Chatterjee divided the
footprint into the following six areas:

Area 1: Ball of the foot, below the big toe.
Areas 2-4: Interspaces below the toes.
Area 5: Center of the foot.

Area 6: Heel.

Chatterjee used an alpha representation for the pattern
in Area 1 and a numeric representation for the pattern in
the remaining areas (Table 5-11) (Chatterjee, 1953,

pp 179-183).

Table 5-11

Alpha and numeric pattern representations
(Moenssens, 1971, p 212).

None 0O 0

Tented arch T 2

Upward-slope

U 4
loop
Loop with

D 6
downward slope
Central ket

pocke c 7

loop
Twin loop S 8

The Chatterjee footprint classification was also expressed
as a fraction, with the right foot as the numerator and the
left foot as the denominator. The primary was the Area

1 pattern designation and the secondary was a five-digit
number, representing Areas 2 through 6, and was to the
right of the primary.

The classification of palmprints was a worthwhile endeavor
because of the frequency of latent palmprints at crime
scenes. Three classification systems were established

for palmprints: one in Western Australia, one in Liverpool,
England, and another in Denmark.

5.6.2.1 Western Australian Palmprint Classification. This
classification consisted of a numeric primary and an alpha
and numeric secondary in the form of a fraction (Baird,
1959). The classification was based on the tripartite division
of the palm into the interdigital, thenar, and hypothenar
areas (Figure 5-1).



Table 5-12

Primary value determination (Baird, 1959, pp 21-24).

Area of Consideration Value
Interdigital #5 finger delta to ulnar edge 1
Interdigital #4 finger delta to #3 finger delta 2
Interdigital #3 finger delta to radial edge 4
Thenar 8
Hypothenar 16
No pattern in area 0

To obtain the primary classification, the three areas were
allotted a value based on the ridge flow in that area (Table
5-12). If there was no discernible pattern in the specified
area, a value of 0 was given. Notably, the values were the
same as those for the primary in the Henry classification;
however, this classification was not dependent on the pres-
ence of whorls but on the presence of any type of pattern.
Because an arch pattern was typically considered to lack a
true pattern area because there was no core and delta, this
pattern was only given a value when it was present in the
interdigital area. As with the Henry classification, a value of
1 was added to the total.

The secondary classification was divided into two parts.
The first division was the type of pattern present in the
thenar and hypothenar areas. This subdivision was ex-
pressed in the form of a fraction, with the thenar as the
numerator and the hypothenar as the denominator. The
second division, known as the secondary subclassification,
concerned the area between the thumb and the index fin-
ger and the interdigital area. The thumb to index area was
considered as a part of the thenar and was placed in the
numerator; the interdigital area was considered as part of
the hypothenar and was placed in the denominator.

The classification formula was written as follows:

(thenar) (thumb to index area)

(primary)
(hypothenar) (interdigital)

FIGURE 5-1

of the palm.

The Western Australian system used pattern definitions
derived from the agencies’ known-print classification sys-
tem, which was a modification of the Henry classification
system. The patterns were given specific alpha symbols ac-
cording to their locations in the palm (Table 5-13). A further
subdivision of the secondary classification involved ridge
counts and ridge tracings and was expressed as a fraction
to the right of the secondary classification.

5.6.2.2 Liverpool Palmprint Classification System. The
palmprint classification system that was established in
Liverpool, England, was considered a more userfriendly
classification system than that used in Western Australia.
The Liverpool system also concentrated on the three divi-
sions of the palm.

This system was divided into four parts and consisted of
alpha and numeric symbols. The primary division pertained
to the cumulative patterns in all three sections: interdigital,
thenar, and hypothenar. The secondary division involved
patterns in the hypothenar and included a subsecondary
classification. The tertiary division involved patterns in the
thenar. The quaternary division included patterns in the
interdigital section of the palm and had three additional
sections: part 1, part 2, and part 3.

This classification used a coding box, where each square
contained the alpha or numeric symbol for each part of the
classification (Figure 5-2, p 5-17).

Tripartite division
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Radial loop #1 Hypothenar R1
Table 5-13 Radial loop #2 Hypothenar R2
Symbols for secondary classification. Radial loop #3 Hypothenar A3
Pattern Location Symbol Radial loop #4 Hypothenar R4
Arch Thenar A Ulnar loop Thenar
Thumb-index None Thumb-index
Hypothenar A Hypothenar
Interdigital a Interdigital
Exceptional arch | Thenar E Ulnar loop #1 Hypothenar U1
Thumb-index e Ulnar loop #2 Hypothenar u2
Hypothenar E Ulnar loop #3 Hypothenar U3
Interdigital e Ulnar loop #4 Hypothenar U4
Joined arch Thenar J Distal loop* Interdigital L
Thumb-index J Whorl Thenar W
Hypothenar J Thumb-index W
Interdigital J Hypothenar W
Joined arch #1 Hypothenar only J1 Interdigital W
Joined arch #2 Hypothenar only 12 Central pocket Thenar . C
loop Thumb-index c
Vertical arch #1 Hypothenar only V1 Hypothenar c
fented aren Thenar T Interdigital
Thumb-index t Double loop — S
Fvpothenar T Thumb-index d
Interdigital t Hypothenar 5
Tented arch # 1 Hypothenar T1 Interdigital ]
Tented arch # 2 Hypothenar T2 YT S—— <
radiatioop Thenar R Thumb-index
Thumb-index r Hypothenar «
Fiypothenar § Interdigital X
Interdigital r

* Distal loop only noted when there was another pattern

present in the interdigital area.

The primary division was formulated by the sum of set
values, as determined by the presence of a pattern in the
three palmar sections. The numeral 2 was given for the
presence of a pattern in the thenar. The numeral 3 was
given for the presence of a pattern in the interdigital area.
The numeral 4 was given for the presence of a pattern in
the hypothenar. The value of 1 was recorded if the palm

was devoid of patterns in all three areas. When a palmar
area contained more than one pattern, it was given a single
value, as if there was only one pattern in the area. When
patterns were present in more than one palmar area, the
values were added together. The specific summed values
also indicated which palmar area contained a pattern

(Table 5-14).
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FIGURE 5-2

Table 5-14

Pattern indication from primary value.

Primary Value Pattern Indication

1 None

Thenar only

Interdigital only

Hypothenar only

Thenar and interdigital only

Thenar and hypothenar only

Interdigital and hypothenar only

Table 5-15

Symbols used in the Liverpool Palmprint
Classification System.

O N O O ] W| N

Patterns in all three areas

Pattern Symbol
Whorl A (circular) A
Whorl B (elliptical) B
Twinned loop TL
Lateral pocket loop LP
Central pocket loop CP
Accidental/composite ACC
Tented arch T

The secondary and subsecondary classification pertained
only to the patterns in the hypothenar. Table 5-15 details
the patterns and representative symbols that were used in
this classification system. If the hypothenar area contained
more than one pattern, the coding box was separated by a
diagonal line from the lower left corner to the upper right
corner, with the left upper half of the box designated for
the pattern symbol of the pattern closest to the interdigital
area and the lower right half designated for the pattern
symbol of the pattern closest to the wrist.

The secondary subclassification involved two distinct
subclassifications. For a single loop in the hypothenar,

the number of ridge characteristics in the core area was
recorded. For a hypothenar devoid of a pattern, the type of
delta was recorded (Alexander, 1973, pp 86-90).

Loop core inward |

Loop core outward

Loop core downward

Loop core upward

Loop core nutant

Nondescript

Z| Z| ~| C| O| O

Plain arch

No pattern

T

High carpal delta

Low carpal delta L
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The tertiary division pertained to the thenar area of the
palm. If there were two patterns in this area, the coding
box was again separated by a diagonal line from the lower
left corner to the upper right corner, with the left upper half
designated for the pattern symbol of the pattern closest to
the interdigital area and the lower right half designated for
the pattern symbol closest to the wrist.

Part 1 of the quaternary division pertained to the type(s)
of pattern in the interdigital area of the palm. If more than
one pattern appeared in the interdigital area, the box was
separated by three diagonal lines, with the upper left third
dedicated for the pattern closest to the index finger and
the bottom right third dedicated for the pattern closest to
the little finger.

Part 2 of the quaternary division involved a predetermined
numerical value indicating the position of the pattern in
relation to the fingers (Table 5-16). If more than one pat-
tern was present, the numerals were combined for a single
value. If a pattern was between the base of two fingers,
the higher value was recorded.

Part 3 of the quaternary division involved the recording of
ridge counts for tented arches or loops (inward core, out-
ward core, downward core loops) when only one of these
patterns was present in the interdigital area.

5.6.2.3 The Brogger Moller Palmprint Classification
System. The Brogger Moller palmprint classification system
was formulated by Kaj Brogger Moller of the National Iden-
tification Bureau in Copenhagen, Denmark (Moenssens,
1971, p 199). As with the previous two systems, this clas-
sification was based on the three defined areas of the palm
(i.e., hypothenar, thenar, and base areas). However, this
system employed the use of a special measuring glass. This
glass contained four separate measuring areas. The areas

Table 5-16

Pattern value for part 2 of the quaternary division.

Under index finger 8

Under ring finger 2

were defined by three concentric circles measuring 2, 4,
and 6 cm from a center dot. Each area was numbered 1
through 4, with 4 marking the area outside the last concen-
tric ring. A second measuring area, known as the 1-6 scale,
contained five lines, each 6 cm in length and 3 mm apart.
The area between each line was numbered 1 through 6,
with 1 representing the top of the scale. A third measuring
area, known as the 0-9 scale, looked like a ladder with the
right leg missing. This scale contained 10 lines, each 1 cm
in length and placed 4 mm apart. Each area between the
lines was numbered 0 to 9, with 0 representing the bottom
of the scale.

The classification of palm prints under this system was
based on the ridge pattern(s) in the three areas of the palm
and on the primary, secondary, and tertiary values. The
measuring glass was used to determine some of the val-
ues (Tables 5-17 to 5-19). The classification was recorded
in a table, with the hypothenar on the left, the interdigital
in the middle, and the thenar on the right side of the table.
For each area, the primary was recorded on the bottom,
with the secondary above the primary, followed by the
tertiary on the top (Figure 5-3).

5.7 Computer Automation and
Print Classification

As federal, state, and local agencies received and retained
more and more known exemplars, the need for a more
efficient means of known-print individualization became
paramount. The identification service divisions of these
agencies were tasked with the manual searching of
suspect prints with known prints, often taking months to
reach a decision of individualization or nonindividualization.
This lengthy turnaround time posed an obvious problem if
a suspect could not legally be detained pending an answer
from the identification division. The solution to this problem
came with the invention of the computer.

The first experiment with computer automation of known-
print cards took place at the Federal Bureau of Investiga-
tion. In 1934, the FBI's Identification Division was starting
to feel the effects of a large known-print database that
was becoming increasingly difficult to search manually. The
FBl's attempt at automation of known prints involved the



Systems of Friction Ridge Classification

CHAPTER b

FIGURE 5-3
Tertiary ————
Secondary ————
Primary ———=
Hypothenar  Interdigital Thenar
Table 5-17

Classification for the hypothenar (Moenssens, 1971, pp 200-205).

above patterns)

Ridge Pattern Primary Secondary Tertiary
Using circle measurement,
No design (carpal delta only) 1 d_Ot at carpal defta anq read None
circle where lowest ridge of
carpal area falls
Distal loop opening toward Using 0-9 scale, measure 8 = only when core has
interdigital, with core point- 2 distance between carpal distinct inclination toward
ing to ulnar side delta and core of loop carpal/radial area
Outward loop opening Using 0-9 scale, measure
toward ulnar side, with core 3 distance between carpal None
pointing toward thenar delta and core of loop
Using 0-9 scale, measure
distance between carpal
Whorls 4 delta and core (for double None
whorls, using core closest to
carpal delta)
Using 0-9 scale, measure
Double loops 5 . None
distance between two cores
Arches 6 1 = arches None
2 = tented arches
Loops opening toward wrist, Using 0-9 scale, measure
with core pointing toward 7 distance between core and None
ulnar side of palm delta above it
Composite patterns (any
pattern not conforming to 8 None None

5-19
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Table 5-18

Classification for the interdigital (Moenssens, pp 206-207).

Ridge Pattern Primary Secondary Tertiary

2 = if loop is between index
and middle fingers

1 3 = if loop is between
middle and ring fingers

4 = if loop is between ring
and little fingers

Using 1-6 scale, measure
height of loop (from deltas
to core)

One loop in base area

1 = arch below index finger

: . Using 1-6 scale, measure
2 = arch below middle finger ’
Tented arch 2 L © height of arch (from base of
3 = arch below ring finger arch to summit)

4 = arch below little finger

2 = if loop is between index
and middle fingers

3 3 =if loop is between
middle and ring fingers

Using 1-6 scale, measure
height of ulnar loop (from
deltas to core)

Double loops

4 = if loop is between ring
and little fingers

Two loops in same inter 2 = if two-loop combination
digital area and tented is between index and
arches and loops in other middle fingers
areas 3 = if two-loop combination
4 is between middle and None
ring fingers
4 = if two-loop combination
is between ring and little
fingers
Plain arches 5 None None
One loop and one tented 2 = if loop is between index
arch and middle fingers .
ST S Using 1-6 scale, measure
6 middle and ring fingers height of loop (from deltas
. . ; to core)
4 = if loop is between ring
and little fingers
Three loops or combinations Three loops = height of loop
of three loops and tented between ring and middle None
arches fingers
7 Combination of three loops
and tented arches = height
of pattern located next to 2
ulnar side of palm
Long transversa! I_oop below 8 None None
one or several digital deltas
One or several whorls 2 = if whorl is between
appear alone or in combina- index and middle fingers
tions with loops and tented 9 3 = if whorl is between Non
arches middle and ring fingers one

4 = if whorl is between ring
and little fingers

5-20
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Table 5-19

Classification for the thenar (Moenssens, pp 207-209).

Ridge Pattern Primary Secondary Tertiary
No pattern (or plain arch) 1 None None
1 = one proximal loop opens | Using 0-9 scale, measure
toward radial side with distance between core and
core pointing to web of | nearest delta
WIS CF SEnter Of prim Using 0-9 scale, measure
; 2 = one proximal loop and distance between core of
Various patterns 2 one distal loop proximal loop and nearest
3 = one proximal loop and delta
one whorl None
4 = one proximal loop and None
one double loop
Patterns with peculiar ridge
formations 3 None None
One distal loop opening Using 0-9 scale, measure
toward web of thumb with 4 distance between core and None
core pointing downward delta (not carpal delta)
1 = one single whorl None
2 = one whorl and one None
Three different patterns 5 distal loop
3 = two whorls None
1 = one double loop None
2 = one double loop and None
. one distal loop
Four different patterns 6
3 = one double loop and None
one whorl
4 = two double loops None
Two collateral distal loops
both opening toward web of 7 None None
thumb
Two proximal loops, either
both opening toward carpal
area or one toward radial ) Nemz Neme
area and one toward carpal
area
Any pattern not discussed 9 None None
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use of punch cards and sorting machines. Classifications
of known-print cards were keyed into the punch cards and
sorted according to the information contained on the card.
Card-sorting machines could then extract cards containing
a specific punched classification, and, from this extraction,
examiners could pull the corresponding known-print cards
for examination. Although this method was novel at the
time, the FBI determined the experiment to be unsuccess-
ful, and it was abandoned (Stock, 1987 p 51).

In 1965, the Federal Bureau of Investigation recognized

the country’s need for a centralized electronic criminal
database. Within two years, the National Crime Information
Center (NCIC) was born, connecting 15 metropolitan and
state computers with the FBI's NCIC central computer. By
1971, all states and the District of Columbia were con-
nected to NCIC.

The NCIC is made up of millions of records that have been
sorted into separate databases. Criminal justice agencies
can search these databases for information. One part of
the NCIC database is the NCIC fingerprint classification.
This alphanumeric classification system is pattern-specific
to each individual finger and, unlike the Henry classification
system, does not involve the combination of fingers. Like
the Henry system, however, NCIC classification can assist
only in eliminating or narrowing the search of records for
the potential suspect.

The NCIC system consists of a 20-character code, in which
each finger—beginning with the right thumb and ending
with the left little finger—is represented by two characters
(Table 5-20). For example, a person with all plain arches,
except tented arches in the index fingers, would have an
NCIC classification code of AATTAAAAAAAATTAAAAAA.

In the 1950s, the first commercially available computer
came on the market and, by the 1960s, computers had
reached the law enforcement community (Ruggles et al.,
1994, p 214). Because of previous experience in the use of
computeraided known-print individualization and the con-
tinued growth of the fingerprint card databases, an earnest
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Table 5-20

NCIC classification codes.
Ulnar loop ridge count
(actual ridge count) 01-49
Plain arch AA
Plain whorl, inner tracing Pl
Plain whorl, meet tracing PM
Central pocket whorl, outer tracing CcO
Double loop whorl, inner tracing dl
Double loop whorl, meet tracing daM
Accidental whorl, outer tracing XO
Missing or amputated finger XX

effort was put forth by both local agencies and the Federal
Bureau of Investigation to establish a computer program to
permanently assist with fingerprint automation.

In 1965, the New York State Information and Identification
System began research into the use of minutiae to classify
fingerprints (Stock, 1987 p 54). The endeavor began with
the manual recording of enlarged fingerprint minutiae on
clear overlays and progressed to the use of a magnified
rear projection system. The extracted minutiae data was
then used for the programming of minutiae extraction soft-
ware. Shortly after the state contracted with a firm for the
development of a minutiae encoding system, budgetary
restraints caused the program to be eliminated.



In 1970, the Royal Canadian Mounted Police (RCMP) initi-
ated an automated classification system that used video
images of known-print cards. These video images were
filed according to the RCMP Henry classification. When a
card was submitted for a known-print search, it was classi-
fied and that classification was then searched in the video
file. The computer would generate a video file containing all
the possible matching known-print cards. This file was then
compared on screen with the known print in question.

In 1963, the FBI reinitiated its research into the complete
automation of its criminal known-print repository. At

this time, all attention was directed toward known-print
automation and solving the Identification Division's backlog
pertaining to its known-print individualization service.

In the mid-1960s, initial research confirmed the feasibility
of the project and, by the late 1960s, Cornell Laboratories
was chosen to build a prototype automatic fingerprint
reader (Stock, 1987 p 55). In 1972, this prototype, known
as AIDS (Automated |dentification System), was installed in
the Identification Division in Washington, DC.

The actual classification of fingerprints went through three
different phases during program development. The first
phase attempted to emulate the Henry classification sys-
tem’s pattern definitions. It was assumed that if a trained
fingerprint technician could easily determine a pattern type
by looking at computer-generated ridge flow, so could the
computer. However, this proved to be time-consuming,
even for the computer, and, in the second phase, the
Henry system was replaced with the classification code
from NCIC.

In the early 1980s, the third and final phase of automatic
fingerprint classification was instituted. The system, called
AFIS (Automated Fingerprint Identification System), was
based solely on the computerized extraction of minutiae.
This extraction, in effect, creates mathematical maps of
each impression in a finger block and of the card as a
whole. Each map contains the computer-determined pat-
tern type (Table 5-21) and minutiae location and direction.
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Table 5-21
AFIS pattern classifications (CJIS, p 2).

Description AFIS Code
Arch AU
Left-slant loop LS
Right-slant loop RS
Whorl WU
Amputation XX
Complete scar SR
Unable to classify uc
Unable to print upP

Thus, the computer scientists created a system whereby
numbers could be compared. Today, when a suspect'’s
known-print card is submitted to an automated fingerprint
identification system, an algorithm compares one math-
ematical map to another. The conclusion of the comparison
is a list of candidates with the highest matching algorithmic
number.

The computer software technology that resulted from the
research at the Federal Bureau of Investigation has led

to numerous companies’ creation of software packages
for the automation of friction ridge impressions. These
software packages are independent of the Federal Bureau
of Investigation and are available for purchase by any insti-
tution. However, with the inception of the FBI's national
Integrated Automated Fingerprint Identification System
(IAFIS) in 1999 came mandated standards regarding the
transmission of digital information incorporated into IAFIS
(Criminal Justice Information Services, 1999; Jain and
Pankanti, 2001).

Once again, history is repeating itself. This time it is the
need for an automated palmprint identification system
(APIS). In response, the biometric software community is
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aggressively pursuing solutions. Numerous companies are
providing software packages containing palmprint individu-
alization systems. Integral to the use of a palmprint system
is the digital storage of known palmprint cards.

The FBI is currently converting all of its inked palmprint
cards to a digital format in anticipation of integrating an
APIS function into IAFIS.

5.8 Conclusion

In any scientific field, the combination of mental acuity
and technological innovation always creates the desire for
bigger and better things. This is certainly true of friction
ridge classification systems. As populations grew, the need
for a system that was not dependent upon the limited
workforce of the law enforcement community became
increasingly important. Rudimentary systems grew into
advanced systems that now provide the criminal justice
community with a workable solution to the problem of
identifying recidivists. Advancements in computer micro-
processors and programming, and the marriage of friction
ridge impressions and computers, have led the fingerprint
community to the current day, where a known-print card
can be searched in minutes.

5.9 Reviewers

The reviewers critiquing this chapter were Mike Campbell,
Michael Perkins, Charles Richardson, and Lyla A. Thompson.
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6.1 Introduction

Prior to the industrial revolution and the mass migrations
to the cities, populations lived mostly in rural communities
where everyone knew everyone else and there was little
need for identification. Indeed, there were no police forces,
no penitentiaries, and very few courts. As cities became
crowded, crime rates soared and criminals flourished
within a sea of anonymity. Newspapers feasted on stories
of lawlessness, legislatures quickly responded with more
laws and harsher penalties (especially for repeat offenders),
and police departments were charged with identifying and
arresting the miscreants. Identification systems—rogues’
galleries, anthropometry, Bertillon's “portrait parlé’ and the
Henry system—emerged and quickly spread worldwide at
the end of the 19th and beginning of the 20th century.

The late 1960s and early 1970s witnessed another era of
civil turmoil and an unprecedented rise in crime rates, but
this era happened to coincide with the development of
the silicon chip. The challenges inherent in identification
systems seemed ready-made for the solutions of auto-
matic data processing, and AFIS—Automated Fingerprint
Identification System—was born.

During this same period, The RAND Corporation, working
under a national grant, published The Criminal Investigative
Process (Greenwood et al., 1975), a comprehensive study
and critigue of the process by which crimes get solved—or
do not. Generally critical of traditional methods used by
detectives, the study placed any hopes for improvement on
physical evidence in general and latent prints in particular.
In a companion study, Joan Petersilia concluded that:

No matter how competent the evidence techni-
cian is at performing his job, the gathering of
physical evidence at a crime scene will be futile
unless such evidence can be properly processed
and analyzed. Since fingerprints are by far the
most frequently retrieved physical evidence, mak-
ing the system of analyzing such prints effective
will contribute the most toward greater success in
identifying criminal offenders through the use of
physical evidence. (Petersilia, 1975, p 12)

L
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Though new technology was already in development at the
Federal Bureau of Investigation (FBI), it would be a popular
movement at the local and state levels that would truly test
Petersilia’s theory.

In 1924, the FBI's Identification Division was established
by authority of the United States congressional budget ap-
propriation bill for the Department of Justice. The identifica-
tion division was created to provide a central repository of
criminal identification data for law enforcement agencies
throughout the United States. The original collection of
fingerprint records contained 810,188 records. After its cre-
ation, hundreds of thousands of new records were added
to this collection yearly, and by the early 1960s the FBl's
criminal file had grown to about 15 million individuals. This
was in addition to the 63 million records in the civilian file,
much of which was the result of military additions from
World War Il and the Korean conflict.

Almost all of the criminal file's 15 million individuals
contained 10 rolled fingerprints per card for a total of

150 million single fingerprints. Incoming records were
manually classified and searched against this file using the
FBI's modified Henry system of classification. Approxi-
mately 30,000 cards were searched daily. The time and
human resources to accomplish this daily workload
continued to grow. As a card entered the system, a
preliminary gross pattern classification was assigned to
each fingerprint by technicians. The technicians could
complete approximately 100 fingerprint cards per hour.
Complete classification and searching against the massive
files could only be accomplished at an average rate of 3.3
cards per employee per hour. Obviously, as the size of the
criminal file and the daily workload increased, the amount
of resources required continued to grow. Eventually,
classification extensions were added to reduce the portion
of the criminal file that needed to be searched against each
card. Nonetheless, the manual system used for searching
and matching fingerprints was approaching the point of
being unable to handle the daily workload.

Although punch card sorters could reduce the number of
fingerprint cards required to be examined based on pattern
classification and other parameters, it was still necessary
for human examiners to scrutinize each fingerprint card

on the candidate list. A new paradigm was necessary to
stop the increasing amount of human resources required
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to process search requests. A new automated approach
was needed to (1) extract each fingerprint image from a
tenprint card, (2) process each of these images to produce
a reduced-size template of characteristic information, and
(3) search a database to automatically produce a highly
reduced list of probable candidate matches (Cole, 2001,
pp 251-252).

In the early 1960s, the FBI in the United States, the Home
Office in the United Kingdom, Paris Police in France, and
the Japanese National Police initiated projects to develop
automated fingerprint identification systems. The thrust of
this research was to use emerging electronic digital com-
puters to assist or replace the laborintensive processes of
classifying, searching, and matching tenprint cards used for
personal identification.

By 1963, Special Agent Carl Voelker of the FBI's Identifi-
cation Division realized that the manual searching of the
criminal file would not remain feasible for much longer. In an
attempt to resolve this problem, he sought the help of en-
gineers Raymond Moore and Joe Wegstein of the National
Institute of Standards and Technology (NIST)." After describ-
ing his problem, he asked for assistance in automating the
FBI's fingerprint identification process.

The NIST engineers first studied the manual methods used
by human fingerprint technicians to make identifications.
These methods were based on comparing the minutiae
(i.e., ridge endings and ridge bifurcations) on fingerprint ridg-
es. If the minutiae from two fingerprints were determined
to be topologically equivalent, the two fingerprints were
declared to be identical—that is, having been recorded from
the same finger of the same person. After this review, and
after studying additional problems inherent with the inking
process, they believed that a computerized solution to auto-
matically match and pair minutiae could be developed that
would operate in a manner similar to the techniques used
by human examiners to make fingerprint identifications.

But to achieve this goal, three major tasks would have to

be accomplished. First, a scanner had to be developed that
could automatically read and electronically capture the inked
fingerprint image. Second, it was necessary to accurately

PNIST was known as the National Bureau of Standards when the FBI visited
Moore and Wegstein.



and consistently detect and identify minutiae existing in

the captured image. Finally, a method had to be developed
to compare two lists of minutiae descriptors to determine
whether they both most likely came from the same finger of
the same individual.

The Identification Division of the FBI decided that the
approach suggested by Moore and Wegstein should be
followed. To address the first two of the three tasks, on
December 16, 1966, the FBI issued a Request for Quotation
(RFQ) “for developing, demonstrating, and testing a device
for reading certain fingerprint minutiae” (FBI, 1966). This con-
tract was for a device to automatically locate and determine
the relative position and orientation of the specified minutiae
in individual fingerprints on standard fingerprint cards to be
used for testing by the FBI. The requirements stated that
the reader must be able to measure and locate minutiae

in units of not more than 0.1 mm and that the direction of
each minutiae must be measured and presented as output
in units of not more than 11.25 degrees (1/32 of a full circle).
The initial requirements called for a prototype model to
process 10,000 single fingerprints (1,000 cards). Contractors
were also instructed to develop a proposal for a subsequent
contract to process 10 times that number of fingerprints.

The 14 proposals received in response to this RFQ were
divided into 5 broad technical approaches. At the conclusion
of the proposal evaluation, two separate proposals were
funded to provide a basic model for reading fingerprint im-
ages and extracting minutiae. Both proposed to use a “flying
spot scanner” for capturing the image. But each offered a
different approach for processing the captured image data,
and both seemed promising. One contract was awarded

to Cornell Aeronautical Labs, Inc., which proposed using a
general-purpose digital computer to process binary pixels
and develop programs for detecting and providing measure-
ment parameters for each identified minutiae. The second
contract was awarded to North American Aviation, Inc.,
Autonetics Division, which proposed using a special-purpose
digital process to compare fixed logical marks to the image
for identifying, detecting, and encoding each minutia.

While the devices for fingerprint scanning and minutiae
detection were being developed, the third task of comparing
two minutiae lists to determine a candidate match was ad-
dressed by Joe Wegstein (Wegstein, 1969a, 1970, 1972a/b,
1982; Wegstein and Rafferty, 1978, 1979; Wegstein et al.,
1968). He developed the initial algorithms for determining
fingerprint matches based on the processing and compari-
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son of two lists describing minutiae location and orientation.
For the next 15 years, he continued to develop more reliable
fingerprint matching software that became increasingly
more complex in order to account for such things as plastic
distortion and skin elasticity. Algorithms he developed were
embedded in AFISs that were eventually placed in operation
at the FBI and other law enforcement agencies.

By 1969, both Autonetics and Cornell had made significant
progress on their feasibility demonstration models. In 1970,
a Request for Proposal (RFP) was issued for the construc-
tion of a prototype fingerprint reader to reflect the experi-
ence gained from the original demonstration models with
an additional requirement for speed and accuracy. Cornell
was awarded the contract to deliver the prototype reader to
the FBI in 1972. After a year’s experience with the prototype
system, the FBI issued a new RFP containing additional re-
quirements such as a high-speed card-handling subsystem.
In 1974, Rockwell International, Inc., was awarded a contract
to build five production model automatic fingerprint reader
systems. This revolutionary system was called Finder. These
readers were delivered to the FBI in 1975 and 1976. The next
3 years were devoted to using these readers in the conver
sion of 15 million criminal fingerprint cards (Moore, 1991, pp
164-175).

As it became apparent that the FBI's efforts to automate the
fingerprint matching process would be successful, state and
local law enforcement agencies began to evaluate this new
technology for their own applications. The Minneapolis—

St. Paul system in Minnesota was one of the first automat-
ed fingerprint matching systems (after the FBI's) to be in-
stalled in the United States. Further, while the United States
was developing its AFIS technology in the 1960s, France, the
United Kingdom, and Japan were also doing research into
automatic fingerprint image processing and matching.

In 1969, M. R. Thiebault, Prefecture of Police in Paris, re-
ported on the French efforts. (Descriptions of work done by
Thiebault can be found in the entries listed in the Additional
Information section of this chapter.) France's focus was on
the solution to the latent fingerprint problem rather than
the general identification problem that was the concern

in the United States. The French approach incorporated a
vidicon (a video camera tube) to scan photographic film
transparencies of fingerprints. Scanning was done at 400
pixels per inch (ppi), which was less than an optimal scan
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rate for latent work. This minutiae matching approach was
based on special-purpose, high-speed hardware that used
an array of logical circuits. The French also were interested
in resolving the problem of poor fingerprint image quality.
In order to acquire a high-contrast image that would be
easy to photograph and process, a technigue was devel-
oped to record live fingerprint images photographically
using a principle of “frustrated total internal reflection”
(FTIR). Although not put into large-scale production at that
time, 20 years later FTIR became the cornerstone for the
development of the modern-day livescan fingerprint scan-
ners. These are making the use of ink and cards obsolete
for nonforensic identification purposes today.

By the early 1970s, the personnel responsible for develop-
ment of France's fingerprint automation technology had
changed. As a result, there was little interest in pursuing
automated fingerprint identification research for the next
several years. In the late 1970s, a computer engineering
subsidiary of France's largest financial institution responded
to a request by the French Ministry of Interior to work on
automated fingerprint processing for the French National
Police. Later, this company joined with the Morphologic
Mathematics Laboratory at the Paris School of Mines to
form a subsidiary called Morpho Systems that went on to
develop a functioning. Currently, Morpho Systems is part
of Sagem (also known as Group SAFRAN).

During the same period of time, the United Kingdom'’s
Home Office was doing research into automatic fingerprint
identification. Two of the main individuals responsible for
the United Kingdom'’s AFIS were Dr. Barry Blain and Ken
Millard. (Papers produced by Millard are listed in the Addi-
tional Information section of this chapter). Like the French,
their main focus was latent print work. By 1974, research
was being done in-house with contractor assistance

from Ferranti, Ltd. The Home Office developed a reader

to detect minutiae, record position and orientation, and
determine ridge counts to the five nearest neighbors to the
right of each minutia. This was the first use of ridge count
information by an AFIS vendor (Moore, 1991).

Like France and the United Kingdom, Japan's motivation
for a fingerprint identification system was directed toward
the matching of latent images against a master file of rolled
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fingerprints. Japan's researchers believed that an accurate
latent system would naturally lead to the development of
an accurate tenprint system.

By 1966, the Osaka Prefecture Police department housed
almost 4 million single fingerprints. An early automation
effort by this agency was the development of a pattern
classification matching system based on a 17- to 20-digit
number encoded manually (Kiji, 2002, p 9). Although this
approach improved the efficiency of the totally manual
method enormously, it had inherent problems. It required
a great deal of human precision and time to classify the
latents and single fingerprints; was not fully suitable for
latent matching; and produced a long list of candidates,
resulting in expensive verifications.

Within a few years, the fingerprint automation focus of
Japanese researchers had changed. By 1969, the Iden-
tification Section of the Criminal Investigation Bureau,
National Police Agency of Japan (NPA), approached NEC
to develop a system for the computerization of fingerprint
identification. NEC determined that it could build an auto-
mated fingerprint identification system employing a similar
minutiae-based approach to that being used in the FBI
system under development. At that time, it was thought
that a fully automated system for searching fingerprints
would not be realized for 5 to 10 years. In 1969, NEC and
NPA representatives visited the FBI and began to learn
about the current state of the art for the FBI's AFIS plans.
During the same period, NPA representatives also col-
laborated with Moore and Wegstein from NIST. Additional
AFIS sites were visited where information was acquired
regarding useful and worthless approaches that had been
attempted. All of this information was evaluated and used
in the development of the NEC system.

For the next 10 years, NEC worked to develop its AFIS.
In addition to minutiae location and orientation, this sys-
tem also incorporated ridge-count information present
in the local four surrounding quadrants of each minutiae
under consideration for pairing. By 1982, NEC had suc-
cessfully installed its system in the NPA and started the
card conversion process. Within a year, latent inquiry
searches began.

In 1980, NEC received a U.S. patent for automatic minutiae
detection. It began marketing its automated fingerprint iden-
tification systems to the United States a few years later.



Early development and implementation of automated
fingerprint systems was limited to national police agencies
in Europe, North America, and Japan. But the problems
associated with huge national databases and the newborn
status of computer technology in the 1970s limited the
utility of these systems. Government investment in AFIS
was justified largely on the promise of efficiency in the
processing of incoming tenprint records. But funding these
expensive systems on the local level would demand some
creativity (Wayman, 2004, pp 50-52).

Following the success of the FBI's Finder, Rockwell took
its system to market in the mid-1970s. Rockwell organized
a users group for its Printrak system and sponsored an
annual conference for customers and would-be custom-
ers. Starting with a beta-site in San Jose, California, more
than a dozen installations were completed in quick succes-
sion. Peggy James of the Houston Police Department, Joe
Corcoran from Saint Paul, Donna Jewett from San Jose,
and others devoted their energies toward educating the
international fingerprint community on the miracle of the
minutiae-based Printrak system. Each system that came
online trumpeted the solution of otherwise unsolvable
crimes and the identity of arrested criminals. A users group
newsletter was published and distributed that highlighted
some of the best cases and listed the search statistics of
member agencies.

Ken Moses of the San Francisco Police Department had at-
tended several of those Printrak conferences and became
a staunch crusader for fingerprint automation. In three
successive years, he persuaded the Chief of Police to
include a Printrak system in the city budget, but each time
it was vetoed by the mayor. After the third mayoral veto, a
ballot proposition was organized by other politicians. The
proposition asked citizens to vote on whether they wanted
an automated fingerprint system. In 1982, Proposition E
passed with an 80% plurality.

The mayor refused to approve a sole-source purchase
from Rockwell, even though it was the only system in the
world being marketed. She insisted on a competitive bid
with strict evaluation criteria and testing. While on a trade
mission to Japan, the mayor learned that the Japanese
National Police were working with NEC to install a finger
print system, but NEC stated that the system was being
developed as a public service and the company had no
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plans to market it. After meeting with key Japanese of-
ficials, NEC changed its mind and agreed to bid on the San
Francisco AFIS.

When the bids were opened, not only had Printrak and
NEC submitted proposals, but a dark horse named Logica
had also entered the fray. Logica had been working with
the British Home Office to develop a system for New
Scotland Yard.

San Francisco retained systems consultant Tim Ruggles

to assist in constructing the first head-to-head benchmark
tests of competing in-use fingerprint systems. The test
was most heavily weighted toward latent print accuracy,
and a set of 50 latent prints graded from poor to good from
actual past cases was searched against a prescribed ten-
print database. All tests were conducted at the respective
vendor’s home site.? NEC was awarded the contract and
installation was completed in December 1983.

Besides being the first competitive bid on 1980s technol-
ogy, what differentiated the San Francisco system from
those that had gone before was organizational design.
AFIS was viewed as a true system encompassing all as-
pects of friction ridge identification—from the crime scene
to the courtroom. The AFIS budget included laboratory and
crime scene equipment, training in all phases of forensic
evidence, and even the purchase of vehicles. In 1983, a
new crime scene unit was organized specifically with the
new system as its centerpiece. Significant organizational
changes were put into effect:

1. All latents that met minimum criteria would be
searched in AFIS.

2. A new unit called Crime Scene Investigations was
created and staffed on a 24/7 schedule.

3. Department policies were changed to mandate that
patrol officers notify crime scene investigators of all
felonies with a potential for latent prints.

2 The results of the earliest competitive benchmark tests were published by the
International Association for Identification in 1986 (Moses, 1986). Thereafter,
some vendors often demanded that the results of benchmark tests be kept
secret, and law enforcement agencies generally acquiesced to those demands.
This has made it extremely difficult for researchers and prospective purchasers
to evaluate competing systems. The veil of secrecy has generally carried over
to the sharing of AFIS operational performance data by agency personnel who
often develop a strong sense of loyalty to their AFIS vendor.
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4. All crime scene investigators who processed the crime
scenes were trained in the use of the system and en-
couraged to search their own cases.

5. Performance statistics were kept from the beginning,
and AFIS cases were tracked through the criminal jus-
tice system to the courts.

The result of the San Francisco experiment was a dramatic
10-fold increase in latent print identifications in 1984. The
district attorney demanded and got five new positions to
prosecute the AFIS cases. The conviction rate in AFIS-
generated burglary cases was three times higher than in
burglary cases without this type of evidence (Figure 6-1;
Bruton, 1989).

At a time when burglary rates were steeply rising in cities
across the nation, the burglary rate plummeted in San
Francisco (Figure 6-2; Bruton, 1989). Reporters, academics,
and police administrators from around the world inundated
the San Francisco Police Department for demonstrations
and information.

The importance of politics and publicity was not lost on
other agencies. Los Angeles even enlisted the backing of
film stars to stir up public support. The identification of
serial killer Richard Ramirez, the infamous Night Stalker,
through a search of the brand-new California State AFIS
made worldwide headlines and guaranteed the future fund-
ing of systems in California.

6.1.8 AFIS Proliferation

The widely publicized success in San Francisco provided
the spark for the rapid proliferation of new AFIS installa-
tions along with a methodology of benchmark testing to
evaluate the claims of the growing number of competing
vendors. Governments quickly provided funding so that, by
1999, the International Association for Identification’s (IAl's)
AFIS Directory of Users identified 500 AFIS sites world-
wide (IAl, 1999).

The burgeoning market in these multimillion-dollar systems
put forensic identification on the economic map. Commer-
cial exhibits at IAl's conferences that had formerly featured
companies hawking tape and powder now expanded

to digital image enhancement, lasers and forensic light
sources, and the latest in new developments from Silicon
Valley. The San Francisco Crime Lab received its first digital
imaging system in 1986. This 3M/Comtal system was
dedicated to friction ridge enhancement. Fingermatrix in-
stalled the first livescan device in the San Francisco Police
Identification Bureau in 1988. AFIS brought crime scene
and forensic identification out of the basement; no local or
state law enforcement administrator wanted to be accused
of being left behind.

However, the frenzied expansion of AFIS was not always
logical and rational. By the early 1990s, the four biggest
vendors—Printrak, NEC, Morpho, and Cogent—were in
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competition, each offering proprietary software that
was incompatible with the others, especially in latent
print searching.

Expansion was often based on political considerations and
competing mission priorities. Local and state agencies ex-
pressed differences in priorities in terms of system design,
with states generally emphasizing criminal identification

or tenprint functions, while cities and counties focused

on crime solving or latent print functions. Generally, the
demands of latent print processing on computer resources
far exceeded the requirements of tenprint processing,

and states balked at the additional expense and technical
complexity. As a result, cities, counties, and states often
went their separate ways, installing dissimilar systems that
could not communicate with neighboring jurisdictions or
with the central state repository. Vendors eagerly encour
aged this fragmentation in an attempt to gain market share
and displace competitors whenever possible. The evolu-
tion of electronic transmission standards (see section 6.3)
ameliorated this problem for tenprint search but not for
latent search.

6.2 AFIS Operations

Identification bureaus are legislatively mandated to main-
tain criminal history records. Historically, this meant huge
file storage requirements and cadres of clerks to maintain
and search them. Demographic-based criminal history
computers were established well ahead of AFIS, first as
IBM card sort systems and then as all-digital information
systems with terminals throughout the state and, via the

June Dec June
1987 1987 1988

National Crime Information Center (NCIC) network and
the National Law Enforcement Teletype System (Nlets),
throughout the nation. These automated criminal his-

tory systems became even more laborintensive than the
paper record systems they supposedly replaced. In many
systems, more paper was generated and placed into the
history jackets along with the fingerprint cards, mug shots,
warrants, and other required documents.

AFIS revolutionized state identification bureaus because
it removed from the paper files the last document type
that could not previously be digitized—the fingerprint
card. State identification bureaus could now bring to their
legislatures cost-benefit analyses that easily justified the
purchase of an automated fingerprint system through the
reduction of clerical personnel.

Local and county jurisdictions did not usually enjoy the eco-
nomic benefits of state systems. Pre-AFIS personnel levels
were often lower and controlled more by the demands

of the booking process than by file maintenance. AFIS
generally increased staffing demands on the latent and
crime-scene-processing side because it made crime scene
processing dramatically more productive. Local and county
AFIS purchases were usually justified on the basis of their
crime-solving potential.

6.2.1.1 Technical Functions. Law enforcement AFISs are
composed of two interdependent subsystems: the tenprint
(i.e., criminal identification) subsystem and the latent (i.e.,
criminal investigation) subsystem. Each subsystem oper
ates with a considerable amount of autonomy, and both
are vital to public safety.

The tenprint subsystem is tasked with identifying sets
of inked or livescan fingerprints incident to an arrest or
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citation or as part of an application process to determine
whether a person has an existing record.

In many systems, identification personnel are also charged
with maintaining the integrity of the fingerprint and criminal
history databases. Identification bureau staffs are generally
composed of fingerprint technicians and supporting clerical
personnel.

An automated tenprint inquiry normally requires a minu-
tiae search of only the thumbs or index fingers. Submitted
fingerprints commonly have sufficient clarity and detail to
make searching of more than two fingers unnecessary.
Today’s AFIS can often return a search of a million records
in under a minute. As databases have expanded across the
world, some AFIS engineers have expanded to searching
four fingers or more in an effort to increase accuracy.

The latent print or criminal identification subsystem is
tasked with solving crimes though the identification of
latent prints developed from crime scenes and physical
evidence. Terminals used within the latent subsystem are
often specialized to accommodate the capture and digital
enhancement of individual latent prints. The latent subsys-
tem may be staffed by latent print examiners, crime scene
investigators, or laboratory or clerical personnel. The staff
of the latent subsystem is frequently under a different
command structure than the tenprint subsystem and is
often associated with the crime laboratory.

The search of a latent print is more tedious and time-
consuming than a tenprint search. Latent prints are often
fragmentary and of poor image quality. Minutiae features
are normally reviewed one-by-one before the search be-
gins. Depending on the portion of the database selected
to be searched and the system’s search load, the response
may take from a few minutes to several hours to return.

Most law enforcement AFIS installations have the ability to
perform the following functions:

e Search a set of known fingerprints (tenprints) against
an existing tenprint database (TP-TP) and return with
results that are better than 99% accurate.®

e Search a latent print from a crime scene or evidence
against a tenprint database (LP-TP).

3 This figure is based on requirements found in award documents and
benchmark testing rather than operational observation.
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e Search a latent from a crime scene against latents on
file from other crime scenes (LP-LP).

e Search a new tenprint addition to the database against
all unsolved latent prints in file (TP-LP).

Enhancements have been developed to allow other func-
tions that expand AFIS capabilities, including:

e Addition of palmprint records to the database to allow
the search of latent palmprints from crime scenes.

e Interfacing of AFIS with other criminal justice informa-
tion systems for added efficiency and “lights out”*
operation.

¢ |Interfacing of AFIS with digital mug shot systems and
livescan fingerprint capture devices.

e Addition of hand-held portable devices for use in identity
queries from the field. The query is initiated by scanning
one or more of the subject’s fingers, extracting the mi-
nutiae within the device, and transmitting to AFIS, which
then returns a hit or no-hit (red light, green light) result.
Hit notification may be accompanied by the thumbnail
image of the subject’s mug shot.

e Multimodal identification systems, including fingerprint,
palmprint, iris, and facial recognition, are now available.

Most dedicated government computer systems are based
on demographic data such as name, address, date of birth,
and other information derived from letters and numbers.
For example, to search for a record within the motor
vehicle database, one would enter a license number or
operator data. The success of the search will be dependent
on the accuracy with which the letters and numbers were
originally perceived and entered. The inquiry is straight-
forward and highly accurate at finding the desired record.

Automated fingerprint systems are based on data extract-
ed from images. Although there is only one correct spelling
for a name in a motor vehicle database, a fingerprint image
can be scanned in an almost infinite number of ways.
Success in searching fingerprints depends on the clarity of
the images and the degree of correspondence between

*“Lights out” generally refers to the ability of the system to operate without
human intervention.



the search print and the database print (compression and
algorithms are two other factors that can affect accuracy).
In the case of searching a new tenprint card against the
tenprint database, there is usually more than enough im-
age information present to find its mate 99.9% of the time
in systems with operators on hand to check respondent
lists (rather than true "lights out” operations).

A latent print usually consists of a fragmentary portion of a
single finger or piece of palm, though the quality of some
latent impressions can exceed their corresponding images
of record. The amount of information present in the image
is usually of lesser quality and often is contaminated with
background interference. Entering latents into the com-
puter has a subjective element that is based on the experi-
ence of the operator. Based on latent print acceptance
test requirements commonly found in AFIS proposals and
contracts, the chances of a latent print finding its mate in
the database is about 70 to 80%. Naturally, the better the
latent image, the higher the chances of success. Inversely,
the chance of missing an identification, even when the
mate is in the database, is 25%. Especially in latent print
searches, failure to produce an identification or a hit does
not mean the subject is not in the database. Other factors
beyond the knowledge and control of the operator, such
as poor-quality database prints, will adversely affect the
chances of a match.

Because of the variability of the images and the subjectiv-
ity of the terminal’s operator, success is often improved
by conducting multiple searches while varying the image,
changing operators, or searching other systems that may
contain different copies of the subject’s prints. It is com-
mon that success comes only on multiple attempts.

6.2.3.1 Community Safety. There is no national reporting
mechanism for the gathering of AFIS (or latent print) statis-
tics, so the measurable benefits are illusive. However, to
provide some recognition of those benefits, the author of
this chapter conducted a survey of latent hits in the 10 larg-
est states by population for the year 2005 (Table 6-1). Prior
attempts to provide this type of information have revealed
inconsistencies in how identifications are counted and how
the hit rate is determined (Komarinski, 2005, pp 184-189).

Based on the author's survey, an estimated 50,000 sus-
pects a year in the United States are identified through
AFIS latent searches. In conducting the survey, if the
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contacted state bureaus did not have statewide figures,
attempts were made to also contact the five largest cities
in that state. (In no instance was it possible to contact
every AFIS-equipped jurisdiction in a state, so the total hits
are the minimum number of hits.) Also, only case hits or
suspect hits were counted, depending on what data each
agency kept. (When agencies reported multiple hits to a
single person, this was not included in data presented.)

Extrapolating from the table, if the remaining 40 states and
all agencies of the federal government each had just one
latent hit per day, the total estimate of latent hits for the
entire United States would surpass 50,000.

Table 6-1

Minimum hits (cases or persons identified) from
10 largest states by population for 2005.

1 California 8,814
3 New York 2,592
5 lllinois 1,224
7 Ohio* 1,495
9 Georgia 980

Total 29,178

* Cleveland not available.
** Detroit not available.

Few studies have been done to measure what effect, if
any, a dramatic increase in the rate of suspect latent print
identifications from AFIS has had on public safety overall.
The burglary data from San Francisco in the late 1980s (Fig-
ure 6-2) is probative but must be narrowly construed. FBI
Uniform Crime Reports show a steady decline in most seri-
ous offenses that coincide with the proliferation of AFIS,
but no cause-and-effect relationship has been explored by
academia or government. During the 1990s, many states
passed “three strikes” laws increasing the punishment for
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felony offenses that some theorists have held are respon-
sible for the decline in crime. But before harsher penal-
ties can be applied, perpetrators must be identified and
apprehended.

Burglary is the offense most impacted by AFIS. Assume
that an active burglar is committing two offenses per week
when he is apprehended on the basis of an AFIS hit. He

is convicted and, based on harsh sentencing laws, sent to
prison for 5 years. In this case, that one AFIS hit will have
prevented 100 crimes per year over the course of the 5
year sentence. If this one arrest is then multiplied by some
fraction of the totals from the table above, a truer apprecia-
tion of the impact that AFIS is having on society can be
gained.

6.2.3.2 Validation of Friction Ridge Science. There are
many ways to test the efficacy of a theoretical proposition.
Corporate and academic laboratories pour tremendous
resources into building models that they hope will closely
duplicate performance in the real world. Even after suc-
cessfully passing such testing, theories fail and products
get recalled after weathering the rigors of the real world.
In-use models invariably trump laboratory models.

During the past 100 years, many models have been
constructed to test the theory that no two friction ridge
images from different areas of palmar surfaces are alike
and to determine what minimum number of minutiae is
sufficient to support an individualization decision.

Automated fingerprint systems have been effectively test-
ing identification theory millions of times a day every day
for more than 20 years. These systems tend to validate
what friction ridge examiners have propounded since
Galton first set forth his standards. AFIS has also served as
a catalyst to help examiners expand their image-processing
knowledge and skills.

Some errors occur every year in both manual and auto-
mated systems, and it is through the study of errors that
both systems can be improved in the future. According to
Dr. James Wayman, Director of the National Biometrics
Test Center, “Error rates (in friction ridge identification) are
difficult to measure, precisely because they are so low”
(Wayman, 2000)

The Integrated Automated Fingerprint Identification
System, more commonly known as IAFIS, is the world's
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largest collection of criminal history information. Fully
operational since July 28, 1999, IAFIS is maintained by the
FBI's Criminal Justice Information Services (CJIS) Divi-
sion in Clarksburg, WV, and contains fingerprint images for
more than 64 million individuals. The FBI's CJIS Division
system’s architecture and the identification and investiga-
tive services provided by the division form an integrated
system-of-services (SoS) concept. These identification and
information services enable local, state, federal, tribal, and
international law enforcement communities, as well as
civil organizations, to efficiently access or exchange critical
information 24 hours a day, 365 days per year. The SoS pro-
vides advanced identification and ancillary criminal justice
technologies used in the identification of subjects.

The systems within the CJIS SoS, including IAFIS, have
evolved over time, both individually and collectively, to add
new technological capabilities, embrace legislative direc-
tives, and improve the performance and accuracy of their
information services. During its first year of inception,
IAFIS processed nearly 14.5 million fingerprint submis-
sions. Today, IAFIS processes similar tenprint volumes in
as little as 3 to 4 months. Although designed to respond
to electronic criminal transactions within 2 hours and civil
transactions within 24 hours, IAFIS has exceeded these
demands, often providing criminal search requests in less
than 20 minutes and civil background checks in less than 3
hours. Likewise, IAFIS provides the latent print examiners
with a superlative investigative tool, allowing fingerprint
evidence from crime scenes to be searched in approxi-
mately 2 hours rather than the 24-hour targeted response
time. Although declared a successful system early within
its deployment, IAFIS continues to improve as a vital
asset to law enforcement agencies more than 10 years
later. Today's transient society magnifies the need for an
economic, rapid, positive identification process for both
criminal and noncriminal justice background checks. IAFIS
processes are regularly improved to allow for a quick and
accurate fingerprint-based records check, whether related
to terrorists trying to enter the United States or applicants
seeking positions of trust. Figure 6-3 illustrates the states
that currently interface with IAFIS electronically.

The increasingly complex requirements of the SoS archi-
tecture demand a well-structured process for its operations
and maintenance. Each of these systems has multiple
segments consisting of computer hardware and software
that provide the operating systems and utilities, database
management, workflow management, transaction or
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messaging management, internal and external network-
ing, communications load balancing, and system security.
IAFIS consists of three integrated segments: the Identifica-
tion Tasking and Networking (ITN) segment, the Interstate
Identification Index (ll1), and AFIS (Figure 6-4).

Within IAFIS, the ITN segment acts as a “traffic cop” for the
fingerprint system, providing workflow/workload manage-
ment for tenprint, latent print, and document processing.
The ITN provides the human—machine interfaces, the internal
interfaces for communications within the IAFIS backbone

communications element, the storage and retrieval of
fingerprint images, the external communications interfaces,
the IAFIS back-end communications element, and user fee
billing. The Ill provides subject search, computerized criminal
history, and criminal photo storage and retrieval. The AFIS
searches the FBI fingerprint repository for matches to tenprint
and latent fingerprints. Supporting IAFIS is the CJIS-wide area
network (WAN), providing the communications infrastructure
for the secure exchange of fingerprint information to and from
external systems. The external systems are the state control
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terminal agencies, state identification bureaus, and federal
service coordinators.

Also submitting fingerprint information to IAFIS is the Card
Scanning Service (CSS). The CSS acts as a conduit for
agencies that are not yet submitting fingerprints electroni-
cally. The CSS makes the conversion of fingerprint informa-
tion from paper format to electronic format and submits
that information to IAFIS. Another system providing
external communications for IAFIS is Nlets. The purpose
of Nlets is to provide interstate communications to law
enforcement, criminal justice, and other agencies involved
in the enforcement of laws. Figure 6-5 depicts the high-
level IAFIS architecture. Users wishing to interface with
IAFIS electronically must comply with the FBI's Electronic
Fingerprint Transmission Specification (EFTS).

Electronic access to and exchange of fingerprint informa-
tion with the world's largest national repository of automat-
ed criminal and civil records is fulfilling the CJIS mission:

The CJIS Division mission is to reduce terrorist ac-
tivities by maximizing the ability to provide timely
and relevant criminal justice information to the FBI
and to qualified law enforcement, criminal justice,
civilian, academic, employment, and licensing
agencies concerning individuals, stolen property,
criminal organizations and activities, and other law
enforcement-related data.

6.2.4.1 IAFIS Status as of Early 2006. Because of the
evolutionary changes to the American National Standards
Institute (ANSI)/NIST standard in 1997 2000, and 2006, the

Processing

FBI has not always had the financial resources or corporate
commitment to update IAFIS and keep it current. One area
where it has moved forward is the acceptance and pro-
cessing of “segmented slaps” for civil transactions. These
transactions use a modified livescan platen that is 3 inches
high so the four fingers of each hand can be placed as a
“slap” in a straight up-and-down position. Similarly, both
thumbs can be captured simultaneously for a total of three
images (type 4 or type 14 as defined in sections 6.3.2.1
and 6.3.3). The resultant transaction’s three-image files are
easy to segment with the capture device software. The
three images and relative location of the segmented fin-
gers within the images are all transmitted. This dramatically
reduces collection time and improves the captured-image
quality from a content perspective due to the flat, straight,
3-inch placement.

One drawback to IAFIS is that it cannot store and search
palmprints, though several production AFISs can do so.
Also, at least one foreign production and several domestic
AFIS sites accept and store 1,000-pixels-perinch tenprint
images—IAFIS cannot yet do this.

The FBI recognizes its need to expand its services and
has (1) tested small palm systems and (2) started a project
known as the Next Generation Identification Program
(NGI). Driven by advances in technology, customer re-
quirements, and growing demand for IAFIS services, this
program will further advance the FBI's biometric identi-
fication services, providing an incremental replacement

of current IAFIS technical capabilities while introducing
new functionality. NGl improvements and new capabilities



will be introduced across a multiyear time frame within a
phased approach. The NGI system will offer state-of-the-
art biometric identification services and provide a flexible
framework of core capabilities that will serve as a platform
for multimodal functionality.

6.2.4.2 Universal Latent Work Station. AFISs that are
fully ANSI/NIST compliant can send image-based transac-
tions from site to site. But in the latent community, most
practitioners want to edit the images and extract the minu-
tiae themselves, that is, perform remote searches rather
than submittals. This model also plays well with the ability
of most agencies to provide the skilled labor required for
imaged-based submittals from other agencies.

The FBI CJIS Division addressed this issue by working
closely with Mitretek and the four major AFIS vendors to
develop a set of tools that would permit the creation of re-
mote searches for any of their automated fingerprint identi-
fication systems and for IAFIS. The result is a free software
product called the Universal Latent Workstation (ULW). This
software can run on a stand-alone PC with either a flatbed
scanner or a digital camera interface. It can also run on
vendor-provided latent workstations. At a minimum, when
specifying an AFIS in a procurement, one should mandate
that the AFIS be able to generate remote searches to
IAFIS. It is further recommended that the procurer ask for
the ability to perform the ULW function so the vendors can
integrate ULW into their systems.

The ULW also provides the ability to launch latent print image
searches into IAFIS without the need to manually encode
minutiae when working with high-quality latent prints.

6.3 Standards

Standards are mutually agreed upon attributes of products,
systems, communication protocols, and so forth. Stan-
dards are what permit people to purchase light bulbs made
in Hungary, the United States, or Japan and know they will
fit in a standard lamp socket. Industries and governments
establish standards not just for the convenience of the
consumer but to permit competition for the same product.

Each nation has its own standards bureau or management
body. In the United States, it is ANSI. At the international
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level, there are several such bodies. They include the
United Nation's International Labor Organization (ILO) and
International Civil Aviation Organization (ICAQ), the Inter-
national Criminal Police Organization (Interpol), the Interna-
tional Standards Organization (ISO), and the International
Electrotechnical Commission (IEC).

Other than the United Nations and Interpol, these stan-
dards bodies do not “invent” or “create” standards but
rather provide processes that authorized bodies can use

to propose standards for approval at the national level and
then at the international level. The United Nations and Inter
pol tend to build on these national and international stan-
dards bodies’ standards rather than starting from scratch.

ANSI has offices in both New York and Washington, DC.
ANSI has authorized more than 200 bodies to propose
standards. If all the procedures are followed correctly and
there are no unaddressed objections, then the results of
the efforts of these bodies become ANSI standards. The
200 organizations include the following:

The Department of Commerce's NIST

o |Al

The American Association of Motor Vehicle
Administrators

e The International Committee for Information
Technology Standards (INCITS)

Law enforcement agencies around the world have had
standards for the local exchange of inked fingerprints for
decades. In 1995, Interpol held a meeting to address the
transfer of ink-and-paper fingerprint cards (also known as
forms) between countries. The local standards naturally
had different text fields, had different layouts of text fields,
were in different languages, and were on many different
sizes of paper. Before that effort could lead to an interna-
tionally accepted fingerprint form, Interpol moved to the
electronic exchange of fingerprints.

In the ink-and-paper era, the standards included fiber con-
tent and thickness of the paper, durability of the ink, size of
the “finger boxes’ and so forth. With the move in the early
1990s toward near real-time responses to criminal finger
print submittals, there came a new set of standards.
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The only way to submit, search, and determine the status
of fingerprints in a few hours from a remote site is through
electronic submittal and electronic responses. The source
can still be ink-and-paper, but the images need to be digi-
tized and submitted electronically to address the growing
demand for rapid turnaround of fingerprint transactions.

The FBI was the first agency to move to large-scale
electronic submission of fingerprints from remote sites.
As part of the development of IAFIS, the FBI worked very
closely with NIST to develop appropriate standards for the
electronic transmission of fingerprint images.

Starting in 1991, NIST held a series of workshops with
forensic experts, fingerprint repository managers, industry
representatives, and consultants to develop a standard,
under the ANSI guidelines, for the exchange of fingerprint
images. It was approved in November 1993, and the formal
title was “Data Format for the Interchange of Fingerprint
Information (ANSI NIST-CSL 1-1993)" This standard was
based on the 1986 ANSI/National Bureau of Standards
minutiae-based standard and ANSI/NBS-ICST 1-1986, a
standard that did not address image files.

This 1993 NIST standard (and the later revisions) became
known in the fingerprint technology world simply as the
“ANSI/NIST standard” If implemented correctly (i.e., in full
compliance with the standard and the FBI's implementa-
tion), it would permit fingerprints collected on a compliant
livescan from any vendor to be read by any other compliant
AFIS and the FBI's yet-to-be-built (at that time) IAFIS.

The standard was deliberately open to permit communities
of users (also known as domains of interest) to customize
it to meet their needs. Some of the customizable areas
were image density (8-bit gray scale or binary) and text
fields associated with a transaction (e.g., name, crime). The
idea was that different communities of users would write
their own implementation plans. The mandatory parts of
the ANSI/NIST standard were the definitions of the record
types, the binary formats for fingerprint and signature
images and, within certain record types, the definition of
“header” fields such as image compression type.

6.3.2.1 Record Types. For a transaction to be considered
ANSI/NIST compliant, the data must be sent in a structured
fashion with a series of records that align with ANSI/NIST
record types as implemented in a specific user domain
(e.g., Interpol).

e All transmissions (also known as transactions) have
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to start with a type 1 record that is basically a table of
contents for the transmission, the transaction type field
(e.g., CAR for “criminal tenprint submission—answer
required”), and the identity of both the sending and
receiving agencies.

e Type 2 records can contain user-defined information
associated with the subject of the fingerprint transmis-
sion (such as name, date of birth, etc.) and the purpose
of the transaction (arrest cycle, applicant background
check, etc.). These fields are defined in the domain-of-
interest implementation standard (e.g., the FBl's EFTS).
Note that type 2 records are also used for responses
from AFISs. They fall into two sets: error messages and
search results. The actual use is defined in the domain
specification.

* Types 3 (low-resolution gray scale), 4 (high-resolution
gray scale), 5 (low-resolution binary), and 6 (high-
resolution binary) were set up for the transmission of
fingerprint images at different standards (500 ppi for
high resolution and 256 ppi for low resolution) and im-
age density (8 bits per pixel for grayscale) or binary (1
bit per pixel for black and white). Note that all images
for records type 3 through 6 are to be acquired at a
minimum of 500 ppi; however, low-resolution images
are down-sampled to 256 ppi for transmission. There
are few, if any, ANSI/NIST implementations that support
type 3, 5, or 6 images (see explanation below). None of
these three record types are recommended for use by
latent examiners and fingerprint technicians.

e Type 7 was established for userdefined images (e.g.,
latent images, faces) and, until the update of the ANSI/
NIST standard in 2000, it was the record type for
exchanging latent images. This record type can be used
to send scanned copies of identity documents, and so
forth. Again, the domain specification determines the
legitimate uses of the type 7 record.

e Type 8 was defined for signatures (of the subject or per
son taking the fingerprints), and it is not used in many
domains.

e Type 9 was defined for a minimal set of minutiae that
could be sent to any AFIS that was ANSI/NIST-compliant.

The first such implementation plan was the FBI's EFTS

issued in 1994. The EFTS limited what record types, of the
nine defined in the ANSI/NIST standard, the FBI would use,
and defined the type 2 data fields. The key decision the FBI



made was that it would only accept 500-ppi gray-scale im-
ages or, in ANSI/NIST parlance, type 4 images. As a result
of that decision, all law enforcement systems since then
have specified type 4 images and do not accept types 3,
5, or 6, which as a result have fallen into disuse for these
applications in the United States.

The type 4 records start out with header information in
front of the image. The headers tell the computer which
finger the image is from, whether it is from a livescan or
an inked card, the image size in the number of pixels of
width and height, and whether the image is from a rolled
impression or a flat or plain impression.

6.3.2.2 Image Quality. Both the ANSI/NIST standard and
the EFTS lacked any metrics or standards for image qual-
ity. The FBI then appended the EFTS with an image quality
standard (IQS) known as Appendix F. (Later, a reduced set
of image quality specifications were added as Appendix

G because the industry was not uniformly ready to meet
Appendix F standards.) The 1QS defines minimal accept-
able standards for the equipment used to capture the
fingerprints. There are six engineering terms specified in
the 1QS. They are:

1. Geometric image accuracy—the ability of the scanner
to keep relative distances between points on an object
(e.g., two minutiae) the same relative distances apart in
the output image.

2. Modulation transfer function (MTF)—the ability of the
scanning device to capture both low-frequency (ridges
themselves) and high-frequency (ridge edge details)
information in a fingerprint at minimum standards.

3. Signal-to-noise ratio—the ability of the scanning device
to digitize the information without introducing too much
electronic noise (that is, with the pure white image
parts appearing pure white and the totally black image
parts appearing totally black).

4. Gray-scale range of image data—avoiding excessively
low-contrast images by ensuring that the image data
are spread across a minimal number of shades of gray.

5. Gray-scale linearity—as the level of gray changes in a
fingerprint capture, the digital image reflects a corre-
sponding ratio of gray level across all shades of gray.

6. Output gray-level uniformity—the ability of the scan-
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ning device to create an image with a continuous gray
scale across an area on the input image (tested using a
special test image) that has a single gray level.

Interestingly, only two of these six image quality stan-
dards apply to latent scanning devices: geometric image
accuracy and MTF In fact, the FBI does not certify (see
below for a discussion of certified products) scanners for
latent use but recommends that latent examiners purchase
equipment they are comfortable with using from an image-
quality perspective. But EFTS Appendix F does mandate
that latent images be captured at 1,000 ppi.

There are no standards for the quality of the actual finger
print, but livescan and AFIS vendors have rated fingerprint
quality for years. They know that fingerprint quality is
possibly the strongest factor in the reliability of an AFIS’s
successfully matching a fingerprint to one in the repository.
These ratings are often factored into the AFIS algorithms.

In a paper titled “The Role of Data Quality in Biometric
Systems” (Hicklin and Khanna, 2006), the authors wrote
the following:

Note that this definition of data quality goes be-
yond most discussions of biometric quality, which
focus on the concept of sample quality. Sample
quality deals with the capture fidelity of the
subject’s physical characteristics and the intrinsic
data content of those characteristics. However, an
equally important issue for any operational system
is metadata quality: databases need to be con-
cerned with erroneous relationships between data
elements, which generally come from administra-
tive rather than biometric-specific causes.

Although no standard exists for fingerprint image quality,
NIST has researched the relationship between calculated
image quality (using algorithms similar to those employed
by AFIS vendors) and successful match rates in automated
fingerprint identification systems. This led NIST to develop
and publish a software utility to measure fingerprint image
quality.

The software is entitled NIST Fingerprint Image Software
2. It was developed by NIST's image group for the FBI and
the U.S. Department of Homeland Security and is available
free to U.S. law enforcement agencies as well as to bio-
metrics manufacturers and researchers. The CD contains
source code for 56 utilities and a user’s guide.
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The following summary is from the NIST Web site in 2007:

New to this release is a tool that evaluates the
quality of a fingerprint scan at the time it is

made. Problems such as dry skin, the size of the
fingers and the quality and condition of the equip-
ment used can affect the quality of a print and its
ability to be matched with other prints. The tool
rates each scan on a scale from 1 for a high-quality
print to 5 for an unusable one. "Although most
commercial fingerprint systems already include
proprietary image quality software, the NIST soft-
ware will for the first time allow users to directly
compare fingerprint image quality from scanners
made by different manufacturers,” the agency said.

6.3.2.3 Certified Products List. To assist the forensic
community to purchase 1QS-compliant equipment, the

FBI established a certification program. The vendors can
self-test their equipment and submit the results to the

FBI where, with the technical assistance of Mitretek, the
results are evaluated. If the results are acceptable, a letter
of certification is sent to the vendor. It is important to know
that, for capture devices, it is a combination of the optics
(scanner), image processing software, and the operating
system that is tested. Therefore, letters of certification are
not issued for a scanner but for a scanner and PC configu-
ration that includes a specific scanner model, connected to
a PC running a specific operating system, and any image-
enhancement scanner drivers used.

At the rate at which manufacturers upgrade scanners,

it can be hard to purchase previously certified pieces of
equipment. A complete list of all certified equipment is
maintained on the FBI's Web site under the CJIS section.

6.3.2.4 Compression. About the same time as the writing
of the EFTS, the FBI decided on the compression stan-
dard for ANSI/NIST transmissions. Given that the data rate
(bandwidth) of telecommunications systems was very
low in 1993 compared to today's rates and that the cost of
disk storage was quite high, the FBI elected to compress
fingerprint images using a technique called wavelet scalar
guantization (WSQ).

The initial plan was for tenprint transmissions to be com-
pressed with WSQ at 20:1 and for latent images to remain
uncompressed. An FBI fingerprint card in the early 1990s
had a surface area for fingerprints that was 8 inches wide
and 5 inches high for a total of 40 square inches. Scanning

at 500 ppi in both the 8-inch direction (X) and the 5-inch di-
rection (Y) yielded a total of 10 million bytes of information
(10 MB). Compression at 20:1 would produce a half (0.5)
MB file that was much easier to transmit and store.

At the 1993 IAl Annual Training Conference in Orlando, Fl,
the IAl Board of Directors expressed its concerns to the
IAFIS program director about the proposed compression
rate of 20:1. The FBI agreed to support an independent as-
sessment of the impact of compression on the science of
fingerprint identification by the IAl AFIS committee, under
the Chairmanship of Mike Fitzpatrick of lllinois (IAI AFIS
Committee, 1994). As a result of the study, the FBI agreed
to reduce the average compression to 15:1 (Higgins, 1995,
pp 409-418).5

As other domains of interest adopted the ANSI/NIST stan-
dard around the world (early adopters included the Royal
Canadian Mounted Police and the United Kingdom Home
Office), they all used the EFTS as a model and all incor
porated the |QS standard by reference. With one or two
exceptions, they also adopted WSQ compression at 15:1.

With the move to higher scan rates for tenprint transac-
tions, the compression technology of choice is JPEG
2000, which is a wavelet-based compression technique.
Currently (as of 2007), there are at least five 1000-ppi
tenprint, image-based automated fingerprint identification
systems using JPEG 2000. Both Cogent and Motorola
have delivered 1000-ppi systems. It is anticipated that the
other vendors will deliver such systems as the demand
increases. Given that older livescan systems operating at
500 ppi can submit transactions to these new automated
fingerprint identification systems, it is important that they
be capable of working in a mixed-density (500-ppi and
1000-ppi) environment.

All four major AFIS vendors demonstrated the capabil-
ity to acquire, store, and process 1000-ppi tenprints and
palmprints during the 2005 Royal Canadian Mounted
Police AFIS Benchmark. It is important to note that these
systems acquire the known tenprint and palm images at
1000 ppi for archiving but down-sample them to 500 ppi

5The study showed that expert latent print examiners were unable to dif-
ferentiate original images from those compressed at either 5:1 or 10:1 when
presented with enlargements on high-quality film printers. One possible
implication of that study was that latent images might safely be compressed
at 2:1 (or possibly even more) for transmission, with no loss of information
content. Currently, there are no agencies reporting the use of compression
with latent images.



for searching and creating an image to be used in AFIS.
Currently, 1000-ppi images are used primarily for display
at latent examiner workstations. As automated fingerprint
identification systems move to using third-level features,
it is assumed that the higher resolution images will play a
role in the algorithms.

Since 1993, the ANSI/NIST standard has been updated
three times, most recently in 2007 and 2008. The key
changes are as follows:

* In 1997 type 10 transactions were added to permit facial,
scar marks, and tattoo images to be transmitted with
fingerprint transactions. The title of the document was
changed to reflect that: “Data Format for the Inter-
change of Fingerprint, Facial & SMT (Scar, Mark, and
Tattoo) Information (ANSI/NIST-ITL 1a-1997)"

* In 2000, types 13 through 16° were added to support
higher density images, latent images in a new format,
palm images, and test images, respectively (ANSI/
NIST-ITL 1-2000).

e NIST held two workshops in 2005 to determine wheth-
er there were any new areas that should be added. The
major changes desired were the addition of standard
record types for biometric data types beyond fingers
and faces (e.g., iris images) and the introduction of XML
data in the type 2 records. Several other changes and
additions were also proposed. (See the 2007 and 2008
revisions, ANSI/NIST-ITL 1-2007 and 2-2008.)

By 1996, the IAlI AFIS Committee was organizing and
managing (under the chairmanships of Mike Fitzpatrick,
Peter Higgins, and Ken Moses) a series of demonstrations
of interoperability of tenprint-image transactions originating
from Aware software, Comnetix Live Scan, and Identix Live
Scan and going to Cogent Systems, Printrak (now Motoro-
la), and Sagem Morpho automated fingerprint identification
systems. The second year of these demonstrations (1998)
saw the same input being submitted between operational
AFIS sites from the same three AFIS vendors all over the
Nlets network (AFIS Committee Report, 1998, p 490).

Types 11 and 12 were set aside for a project that never came to fruition and
are not used in the standard AFIS Committee Report, 1998.
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When IAFIS was being developed, the FBI established
(in the EFTS) two ways for latent impressions to be run
through IAFIS from outside agencies.

6.3.5.1 Remote Submittals. The agency with the latent
impression can send (electronically or via the mail) the
impression (as an image in the case of electronic submittal)
to the FBI, and FBI staff will perform the editing, encoding,
searching, and candidate evaluation. The FBI will make any
identification decision and return the results to the submit-
ting agency. This process mimics the pre-IAFIS workflow
but adds the option of electronic submittal.

6.3.5.2 Remote Searches. The agency with the latent
impression performs the editing and encoding and then
sends (electronically) a latent fingerprint features search
(LFFS) to IAFIS for lights-out searching. IAFIS then returns
a candidate list, including finger images, to the originating
agency to perform candidate evaluation. The submitting
agency makes any identification decision. To support LFFS
remote search capability, the FBI published the “native”
IAFIS feature set definition.

Many civil agencies and departments have wanted to be
able to offer remote tenprint searches, but the feature
sets for the major AFIS vendors are proprietary. In 2006,
NIST performed a study on interoperability of the native
feature set level of many AFIS and livescan companies
and compared those with the performance of INCITS 378
fingerprint template standard minutiae (the basic set A and
the richer set B).

The MINEX report (Grother et al., 2006) shows that
minutiae-based interoperability is possible (with some
loss of reliability and accuracy) for single-finger verification
systems. The report is careful to point out that the use of
INCITS 378 templates for remote criminal tenprint and
latent searches is unknown and cannot safely be extrapo-
lated from the report.

Because most AFISs (other than IAFIS) do not have remote
LFFS functionality (as of 2007), latent interoperability at
the image level usually requires labor on the part of the
searching agency. The desire to move that labor burden to
the submitting agency is natural because many have some
level of excess capacity that could possibly support remote
latent searches during off-hours.
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6.4 Digitization and Processing
of Fingerprints

Demands imposed by the painstaking attention needed

to visually match the fingerprints of varied qualities, the
tedium of the monotonous nature of the manual work,

and increasing workloads due to a higher demand on
fingerprint recognition services prompted law enforcement
agencies to initiate research into acquiring fingerprints
through electronic media and to automate fingerprint indi-
vidualization based on digital representation of fingerprints.
As a result of this research, a large number of computer
algorithms have been developed during the past three
decades to automatically process digital fingerprint images.
An algorithm is a finite set of well-defined instructions

for accomplishing some task which, given an initial state
and input, will terminate in a corresponding recognizable
end-state and output. A computer algorithm is an algorithm
coded in a programming language to run on a computer.
Depending upon the application, these computer algo-
rithms could either assist human experts or perform in
lights-out mode. These algorithms have greatly improved
the operational productivity of law enforcement agencies
and reduced the number of fingerprint technicians needed.
Still, algorithm designers identified and investigated the
following five major problems in designing automated fin-
gerprint processing systems: digital fingerprint acquisition,
image enhancement, feature (e.g., minutiae) extraction,
matching, and indexing/retrieval.

Known fingerprint data can be collected by applying a thin
coating of ink over a finger and rolling the finger from one
end of the nail to the other end of the nail while press-

ing the finger against a paper card. This would result in

an inked “rolled” fingerprint impression on the fingerprint
card. If the finger was simply pressed straight down
against the paper card instead of rolling, the resulting
fingerprint impression would only contain a smaller central
area of the finger rather than the full fingerprint, resulting in
an inked “flat” or “plain” fingerprint impression.

The perspiration and contaminants on the skin result in the
impression of a finger being deposited on a surface that is
touched by that finger. These “latent” prints can be chemi-
cally or physically developed and electronically captured or
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manually “lifted” from the surface by employing certain
chemical, physical, and lighting techniques. The developed
fingerprint may be lifted with tape or photographed. Often
these latent fingerprints contain only a portion of the
friction ridge detail that is present on the finger, that is, a
“partial” fingerprint.

Fingerprint impressions developed and preserved using
any of the above methods can be digitized by scanning
the inked card, lift, item, or photograph. Digital images
acquired by this method are known as “off-line” images.
(Typically, the scanners are not designed specifically for
fingerprint applications.)

Since the early 1970s, fingerprint sensors have been built
that can acquire a “livescan” digital fingerprint image
directly from a finger without the intermediate use of ink
and a paper card. Although off-line images are still in use
in certain forensic and government applications, on-line
fingerprint images are increasingly being used. The main
parameters characterizing a digital fingerprint image are
resolution area, number of pixels, geometric accuracy,
contrast, and geometric distortion. CJIS released specifica-
tions, known as Appendix F and Appendix G, that regu-
late the quality and the format of fingerprint images and
FBl-compliant scanners. All livescan devices manufactured
for use in forensic and government law enforcement ap-
plications are FBI compliant. Most of the livescan devices
manufactured to be used in commercial applications, such
as computer log-on, do not meet FBI specifications but,
on the other hand, are usually more userfriendly, compact,
and significantly less expensive. There are a number of
livescan sensing mechanisms (e.g., optical, capacitive,
thermal, pressure-based, ultrasound, and so forth) that
can be used to detect the ridges and valleys present in the
fingertip. However, many of these methods do not provide
images that contain the same representation of detail
necessary for some latent fingerprint comparisons. For
example, a capacitive or thermal image may represent the
edges and pores in a much different way than a rolled ink
impression. Figure 6-6 shows an off-line fingerprint image
acquired with the ink technique, a latent fingerprint image,
and some livescan images acquired with different types of
commercial livescan devices.

The livescan devices often capture a stream of fingerprint
images from a single scan instead of just one image.
Depending on the application for which the livescan device
was designed, it may run one or more algorithms using



either a resource-limited (memory and processing power)
microprocessor on-board or by using an attached computer.
For example, the livescan booking stations usually run an

algorithm that can mosaic (stitch) multiple images acquired
as a video during a single rolling of a finger on the scan-
ner into a large rolled image. Algorithms also typically run
on an integrated booking management system to provide
real-time previews (graphical user interface and zoom) to
assist the operator in placing or aligning fingers or palms
correctly. Typically, a fingerprint image quality-checking algo-
rithm is also run to alert the operator about the acquisition of
a poorquality fingerprint image so that a better quality image
can be reacquired from the finger or palm. Typical output
from such an automatic quality-checker algorithm is depicted
in Figure 6-7
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FIGURE 6-6

Fingerprint images from

(a) a livescan FTIR-based optical scanner;
(b) a livescan capacitive scanner;

(c) a livescan piezoelectric scanner;

(d) a livescan thermal scanner;

(e) an off-line inked impression;

(f) a latent fingerprint.

Although optical scanners have the longest history and
highest quality, the new solid-state sensors are gaining
great popularity because of their compact size and the
ease with which they can be embedded into laptop com-
puters, cellular phones, smart pens, personal digital assis-
tants (PDAs), and the like. Swipe sensors, where a user is
required to swipe his or her finger across a livescan sensor
that is wide but very short, can offer the lowest cost and
size. Such sensors image a single line or just a few lines
(slice) of a fingerprint, and an image-stitching algorithm is
used to stitch the lines or slices to form a two-dimensional
fingerprint image (Figure 6-8).

Depending on the application, it may be desirable to
implement one or more of the following algorithms in the
livescan device:
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FIGURE 6-7

(a) A good-quality fingerprint;

(b) A medium-quality fingerprint with creases;
(c) A poor-quality fingerprint;

(d) A very poor-quality fingerprint containing
a lot of noise.

e Automatic fingerdetection algorithm—The scanner

automatically keeps looking for the presence of a finger
on its surface and, as soon as it determines that there is
a finger present on its surface, it alerts the system.

Automatic fingerprint-capture algorithm—Immediately
after the system has been alerted that a finger is pres-
ent on the surface of the scanner, it starts receiving a
series of images, and the fingerprint-capture algorithm
automatically determines which frame in the image
sequence has the best image quality and grabs that
frame from the video for further image processing and
matching.

e \Vitality detection algorithm—The scanner can determine

whether the finger is consistent with deposition by a
living human being.

(a) Quality index = 0.9 (b) Quality index = 0.7

i

(d) Quality index = 0.2

(c) Quality index = 0.4

Image data-compression algorithm—Compressed
image will require less storage and bandwidth when
transferred to the system.

Image-processing algorithms—Certain applications will
benefit from feature extraction carried out on the sensor
itself; the transfer of the fingerprint features will also
require less bandwidth than the image.

Fingerprint-matching algorithm—Certain applications
would like the fingerprint matching to be performed on
the sensor for security reasons, especially for on-board
sequence checking.

Cryptographic algorithms and protocol(s)—Implemented
in the scanner to carry out secure communication.
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FIGURE 6-8

As the user sweeps his or her finger on
the sensor, the sensor delivers new
image slices, which are combined into
a two-dimensional image.

6.4.3 Image Enhancement

Fingerprint images originating from different sources may
have different noise characteristics and thus may require
some enhancement algorithms based on the type of noise.
For example, latent fingerprint images can contain a variety
of artifacts and noise. Inked fingerprints can contain blobs
or broken ridges that are due to an excessive or inadequate
amount of ink. Filed paper cards may contain inscriptions
overlapping the fingerprints and so forth. The goal of finger
print enhancement algorithms is to produce an image that
does not contain artificially generated ridge structure that
might later result in the detection of false minutiae features
while capturing the maximum available ridge structure to
allow detection of true minutiae. Adapting the enhance-
ment process to the fingerprint capture method can yield
the optimal matching performance over a large collection
of fingerprints.

A fingerprint may contain such poorquality areas that the
local ridge orientation and frequency estimation algorithms
are completely wrong. An enhancement algorithm that
can reliably locate (and mask) these extremely poor-quality
areas is very useful for the later feature detection and
individualization stages by preventing false or unreliable
features from being created.

Fingerprint images can sometimes be of poor quality be-
cause of noise introduced during the acquisition process.
For example: a finger may be dirty, a latent print may be
lifted from a difficult surface, the acquisition medium (pa-
per card or livescan) may be dirty, or noise may be intro-
duced during the interaction of the finger with the sensing
surface (such as slippage or other inconsistent contact).
When presented with a poor-quality image, a forensic ex-
pert would use a magnifying glass and try to decipher the
fingerprint features in the presence of the noise. Automatic
fingerprint image-enhancement algorithms can significantly
improve the quality of fingerprint ridges in the fingerprint
image and make the image more suitable for further
manual or automatic processing. The image enhancement
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FIGURE 6-9

An example of
local area contrast
enhancement. The

algorithm enhances
the entire image by
enhancing a large
number of small
square local areas.

algorithms do not add any external information to the
fingerprint image. The enhancement algorithms use only
the information that is already present in the fingerprint
image. The enhancement algorithms can suppress various
types of noise (e.g., another latent print, background color)
in the fingerprint image and highlight the existing useful
features. These image enhancement algorithms can be of
two types.

6.4.3.1 Enhancement of Latent Prints for AFIS Searching.
In the case of latent searches into the forensic AFISs, the
enhancement algorithm is interactive, that is, live feedback
about the enhancement is provided to the forensic expert
through a graphical user interface. Through this interface,
the forensic expert is able to use various algorithms to
choose the region of interest in the fingerprint image, crop
the image, invert color, adjust intensity, flip the image,
magnify the image, resize the image window, and apply
compression and decompression algorithms. The forensic
expert can selectively apply many of the available enhance-
ment algorithms (or select the parameters of the algorithm)
based on the visual feedback. Such algorithms may include
histogram equalization, image intensity rescaling, image
intensity adjustments with high and low thresholds, local
or global contrast enhancement, local or global background
subtraction, sharpness adjustments (applying high-pass
filter), background suppression (low-pass filter), gamma
adjustments, brightness and contrast adjustments, and so
forth. An example of local area contrast enhancement is
shown in Figure 6-9. In this example, the fingerprint image
enhancement algorithm enhances only a small, square,
local area of the image at a time but traverses over the
entire image in a raster scan fashion such that the entire
image is enhanced. Subsequent fingerprint feature extrac-
tion can then be either performed manually or through
automatic fingerprint feature extraction algorithms.
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6.4.3.2 Automated Enhancement of Fingerprint Images.
In the case of lights-out applications (frequently used in
automated background checks and commercial applications
for control of physical access), human assistance does not
occur in the fingerprint individualization process. Enhance-

ment algorithms are used in the fully automated mode
to improve the fingerprint ridge structures in poor-quality
fingerprint images.

An example of a fully automated fingerprint image-
enhancement algorithm is shown in Figure 6-10. In this
example, contextual filtering is used that has a low-pass
(smoothing) effect along the fingerprint ridges and a
band-pass (differentiating) effect in the direction orthogonal
to the ridges to increase the contrast between ridges and
valleys. Often, oriented band-pass filters are used for such
filtering. One such type of commonly used filters is known
as Gabor filters. The local context is provided to such
contextual filters in terms of local orientation and local
ridge frequency.

Local fingerprint ridge singularities, commonly known as
minutiae points, have been traditionally used by forensic
experts as discriminating features in fingerprint images.
The most common local singularities are ridge endings and
ridge bifurcations. Other types of minutiae mentioned in
the literature, such as the lake, island, spur, crossover, and
so forth (with the exception of dots), are simply compos-
ites of ridge endings and bifurcations. Composite minutiae,
made up of two to four minutiae occurring very close to
each other, have also been used. In manual latent print
processing, a forensic expert would visually locate the mi-
nutiae in a fingerprint image and note its location, the ori-
entation of the ridge on which it resides, and the minutiae
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type. Automatic fingerprint feature-extraction algorithms
were developed to imitate minutiae location performed
by forensic experts. However, most automatic fingerprint
minutiae-extraction algorithms only consider ridge end-
ings and bifurcations because other types of ridge detail
are very difficult to automatically extract. Further, most
algorithms do not differentiate between ridge endings and
bifurcations because they can be indistinguishable as a
result of finger pressure differences during acquisition or
artifacts introduced during the application of the enhance-
ment algorithm.
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FIGURE 6-10

Stages in a typical contextual
filtering-based fingerprint image
enhancement algorithm.

One common approach followed by the fingerprint feature
extraction algorithms is to first use a binarization algorithm
to convert the gray-scale-enhanced fingerprint image into
binary (black and white) form, where all black pixels
correspond to ridges and all white pixels correspond to
valleys. The binarization algorithm ranges from simple
thresholding of the enhanced image to very sophisticated
ridge location algorithms. Thereafter, a thinning algorithm is
used to convert the binary fingerprint image into a single
pixel width about the ridge centerline. The central idea of
the thinning process is to perform successive (iterative)
erosions of the outermost layers of a shape until a con-
nected unit-width set of lines (or skeletons) is obtained.
Several algorithms exist for thinning. Additional steps in the
thinning algorithm are used to fill pores and eliminate noise
that may result in the detection of false minutiae points.

The resulting image from the thinning algorithm is called

a thinned image or skeletal image. A minutiae detection
algorithm is applied to this skeletal image to locate the x
and y coordinates as well as the orientation (theta) of the
minutiae points. In the skeletal image, by definition, all
pixels on a ridge have two neighboring pixels in the im-
mediate neighborhood. If a pixel has only one neighboring
pixel, it is determined to be a ridge ending and if a pixel
has three neighboring pixels, it is determined to be a ridge
bifurcation.

Each of the algorithms used in fingerprint image enhance-
ment and minutiae extraction has its own limitation and
results in imperfect processing, especially when the input
fingerprint image includes non-friction-ridge noise. As a
result, many false minutiae may be detected by the minu-
tiae detection algorithm. To alleviate this problem, often a
minutiae postprocessing algorithm is used to confirm or
validate the detected minutiae. Only those minutiae that
pass this postprocessing algorithm are kept and the rest
are removed. For example, if a ridge length running away
from the minutia point is sufficient or if the ridge direction
at the point is within acceptable limits, the minutia is kept.
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FIGURE 6-11

Stages in a typical fingerprint
minutiae extraction algorithm.

The postprocessing might also include an examination of
the local image quality, neighboring detections, or other in-
dicators of nonfingerprint structure in the area. Further, the
image can be inverted in gray scale, converting white to
black and black to white. Reprocessing of this inverted im-
age should yield minutiae endings in place of bifurcations,
and vice versa, allowing a validity check on the previously
detected minutiae. The final detected minutiae are those
that meet all of the validity checks. Figure 6-11 shows the
steps in a typical fingerprint feature-extraction algorithm;
the extracted minutiae are displayed overlapping on the
input image for visualization.

Note that the stages and algorithms described in this sec-
tion represent only a typical fingerprint minutiae-extraction
algorithm. A wide variety of fingerprint minutiae-extraction
algorithms exist and they all differ from one another, some-
times in how they implement a certain stage and some-
times in the stages they use and the order in which they
use them. For example, some minutiae extraction algo-
rithms do not use a postprocessing stage. Some others do
not use a ridge-thinning stage, and the minutiae detection
algorithm works directly on the result of the ridge location
algorithm. Some work directly on the enhanced image, and
some even work directly on the raw input image. Additional
stages and algorithms may also be used.

Many other features are often also extracted in addition

to minutiae. These additional features often provide useful
information that can be used in the later matching stages
to improve the fingerprint-matching accuracy. For example,
minutiae confidence, ridge counts between minutiae, ridge
count confidence, core and delta locations, local quality
measures, and so forth, can be extracted. These additional
features may be useful to achieve added selectivity from

a minutiae-matching process. Their usefulness for this
purpose may be mediated by the confidence associated
with each such feature. Therefore, it is important to collect
confidence data as a part of the image-enhancement and
feature-extraction process to be able to properly qualify
detected minutiae and associated features.
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The early fingerprint feature-extraction algorithms were
developed to imitate feature extraction by forensic experts.
Recently, a number of automatic fingerprint feature-
extraction (and matching) algorithms have emerged that
use non-minutiae-based information in the fingerprint im-
ages. For example, sweat pores, which are very minute
details in fingerprints, smaller than minutiae points, have
been successfully extracted by algorithms from high-
resolution fingerprint images. Other non-minutiae-based
features are often low-level features (for example, texture



features) that do not have a high-level meaning, such as a
ridge ending or bifurcation. These features are well suited
for machine representation and matching and can be used
in place of minutiae features. Often, a combination of
minutiae and non-minutiae-based features can provide the
best accuracy in an automatic fingerprint individualization
system. Forensic experts use such fine features implicitly,
along with normal ridge endings and bifurcations features,
during examination.

Fingerprint matching can be defined as the exercise of
finding the similarity or dissimilarity in any two given fin-
gerprint images. Fingerprint matching can be best visual-
ized by taking a paper copy of a file fingerprint image with
its minutiae marked or overlaid and a transparency of a
search fingerprint with its minutiae marked or overlaid. By
placing the transparency of the search print over the paper
copy of the file fingerprint and translating and rotating

the transparency, one can locate the minutiae points that
are common in both prints. From the number of common
minutiae found, their closeness of fit, the quality of the
fingerprint images, and any contradictory minutiae match-
ing information, it is possible to assess the similarity of the
two prints. Manual fingerprint matching is a very tedious
task. Automatic fingerprint-matching algorithms work on
the result of fingerprint feature-extraction algorithms and
find the similarity or dissimilarity in any two given sets

of minutiae. Automatic fingerprint matching can perform
fingerprint comparisons at the rate of tens of thousands of
times each second, and the results can be sorted accord-
ing to the degree of similarity and combined with any other
criteria that may be available to further filter the candidates,
all without human intervention.

It is important to note, however, that automatic fingerprint-
matching algorithms are significantly less accurate than

a well-trained forensic expert. Even so, depending on the
application and the fingerprint image quality, the automatic-
fingerprint-matching algorithms can significantly reduce
the work for forensic experts. For example, in the case

of latent print matching where only a single, very poor
quality partial fingerprint image is available for matching,
the matching algorithm may not be very accurate. Still, the
matching algorithm can return a list of candidate matches
that is much smaller than the size of the database; the
forensic expert then needs only to manually match a much
smaller number of fingerprints. In the case of latent print
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matching when the latent print is of good quality, or in the
case of tenprint-to-tenprint matching in a background check
application, the matching is highly accurate and requires
minimal human expert involvement.

Automatic fingerprint-matching algorithms yield imperfect
results because of the difficult problem posed by large
intraclass variations (variability in different impressions of
the same finger) present in the fingerprints. These intra-
class variations arise from the following factors that vary
during different acquisition of the same finger: (1) displace-
ment, (2) rotation, (3) partial overlap, (4) nonlinear distortion
because of pressing of the elastic three-dimensional finger
onto a rigid two-dimensional imaging surface, (5) pressure,
(6) skin conditions, (7) noise introduced by the imaging
environment, and (8) errors introduced by the automatic
feature-extraction algorithms.

A robust fingerprint-matching algorithm must be able to
deal with all these intraclass variations in the various
impressions of the same finger. The variations in displace-
ment, rotation, and partial overlap are typically dealt with
by using an alignment algorithm. The alignment algorithm
should be able to correctly align the two fingerprint
minutiae sets such that the corresponding or matching
minutiae correspond well with each other after the
alignment. Certain alignment algorithms also take into
account the variability caused by nonlinear distortion. The
alignment algorithm must also be able to take into consid-
eration the fact that the feature extraction algorithm is
imperfect and may have introduced false minutiae points
and, at the same time, may have missed detecting some
of the genuine minutiae points. Many fingerprint alignment
algorithms exist. Some may use the core and delta points,
if extracted, to align the fingerprints. Others use point
pattern-matching algorithms such as Hough transform

(a standard tool in pattern recognition that allows recogni-
tion of global patterns in the feature space by recognition
of local patterns in a transformed parameter space),
relaxation, algebraic and operational research solutions,
“tree pruning,” energy minimization, and so forth, to align
minutiae points directly. Others use thinned ridge matching
or orientation field matching to arrive at an alignment.

Once an alignment has been established, the minutiae
from the two fingerprints often do not exactly overlay each
other because of the small residual errors in the alignment
algorithm and the nonlinear distortions. The next stage in
a fingerprint minutiae-matching algorithm, which estab-
lishes the minutiae in the two sets that are corresponding
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FIGURE 6-12

and those that are noncorresponding, is based on using
some tolerances in the minutiae locations and orienta-

tion to declare a correspondence. Because of noise that

is introduced by skin condition, recording environment,
imaging environment, and the imperfection of automatic
fingerprint feature-extraction algorithms, the number of
corresponding minutiae is usually found to be less than the
total number of minutiae in either of the minutiae sets in
the overlapping area. So, finally, a score computation algo-
rithm is used to compute a matching score. The matching
score essentially conveys the confidence of the fingerprint
matching algorithm and can be viewed as an indication of
the probability that the two fingerprints come from the
same finger. The higher the matching score, the more likely
it is that the fingerprints are mated (and, conversely, the
lower the score, the less likely there is a match). There are
many score computation algorithms that are used. They
range from simple ones that count the number of matching
minutiae normalized by the total number of minutiae in the
two fingerprints in the overlapping area to very complex
probability-theory-based, or statistical-pattern-recognition-
classifierbased algorithms that take into account a number
of features such as the area of overlap, the quality of the
fingerprints, residual distances between the matching
minutiae, the quality of individual minutiae, and so forth.
Figure 6-12 depicts the steps in a typical fingerprint match-
ing algorithm.

Note that the stages and algorithms described in this sec-
tion represent only a typical fingerprint minutiae-matching
algorithm. Many fingerprint minutiae-matching algorithms
exist and they all differ from one another. As with the
various extraction algorithms, matching algorithms use
different implementations, different stages, and different
orders of stages. For example, some minutiae-matching al-
gorithms do not use an alignment stage. These algorithms
instead attempt to prealign the fingerprint minutiae so

that alignment is not required during the matching stage.
Other algorithms attempt to avoid both the prealignment
and alignment during matching by defining an intrinsic
coordinate system for fingerprint minutiae. Some minutiae-
matching algorithms use local alignment, some use global
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alignment, and some use both local and global alignment.
Finally, many new matching algorithms are totally differ-
ent and are based on the non-minutiae-based features
automatically extracted by the fingerprint feature-extraction
algorithm, such as pores and texture features.

In the previous section, the fingerprint matching problem
was defined as finding the similarity in any two given
fingerprints. There are many situations, such as controlling
physical access within a location or affirming ownership of
a legal document (such as a driver's license), where a sin-
gle match between two fingerprints may suffice. However,
in a large majority of forensic and government applications,
such as latent fingerprint individualization and background



checks, it is required that multiple fingerprints (in fact, up to
10 fingerprints from the 10 fingers of the same person) be
matched against a large number of fingerprints present in a
database. In these applications, a very large amount of fin-
gerprint searching and matching is needed to be performed
for a single individualization. This is very time-consuming,
even for automatic fingerprint-matching algorithms. So it
becomes desirable (although not necessary) to use auto-
matic fingerprint indexing and retrieval algorithms to make
the search faster.

Traditionally, such indexing and retrieval has been per
formed manually by forensic experts through indexing of
fingerprint paper cards into file cabinets based on finger-
print pattern classification information as defined by a
particular fingerprint classification system.

Similar to the development of the first automatic finger
print feature extraction and matching algorithms, the initial
automatic fingerprint indexing algorithms were developed
to imitate forensic experts. These algorithms were built to
classify fingerprint images into typically five classes (e.g.,
left loop, right loop, whorl, arch, and tented arch) based
on the many fingerprint features automatically extracted
from fingerprint images. (Many algorithms used only four
classes because arch and tented arch types are often dif-
ficult to distinguish.)

Fingerprint pattern classification can be determined by
explicitly characterizing regions of a fingerprint as belong-
ing to a particular shape or through implementation of

one of many possible generalized classifiers (e.g., neural
networks) trained to recognize the specified patterns. The
singular shapes (e.g., cores and deltas) in a fingerprint
image are typically detected using algorithms based on

the fingerprint orientation image. The explicit (rule-based)
fingerprint classification systems first detect the fingerprint
singularities (cores and deltas) and then apply a set of rules
(e.g., arches and tented arches often have no cores; loops
have one core and one delta; whorls have two cores and
two deltas) to determine the pattern type of the fingerprint
image (Figure 6-13). The most successful generalized (e.g.,
neural network-based) fingerprint classification systems
use a combination of several different classifiers.

Such automatic fingerprint classification algorithms may
be used to index all the fingerprints in the database into
distinct bins (most implementations include overlapping or
pattern referencing), and the submitted samples are then
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compared to only the database records with the same
classification (i.e., in the same bin). The use of fingerprint
pattern information can be an effective means to limit the
volume of data sent to the matching engine, resulting in
benefits in the system response time. However, the auto-
matic fingerprint classification algorithms are not perfect
and result in errors in classification. These classification
errors increase the errors in fingerprint individualization
because the matching effort will be conducted only in a
wrong bin. Depending on the application, it may be feasible
to manually confirm the automatically determined finger-
print class for some of the fingerprints where the auto-
matic algorithm has low confidence. Even so, the explicit
classification of fingerprints into just a few classes has its
limitations because only a few classes are used (e.g., five),
and the fingerprints occurring in nature are not equally
distributed in these classes (e.g., arches and tented arches
are much more rare than loops and whorls).

Many of the newer automatic fingerprint classification algo-
rithms do not use explicit classes of fingerprints in distinct
classifications but rather use a continuous classification of
fingerprints that is not intuitive for manual processing but
is amenable to automatic search algorithms. In continuous
classification, fingerprints are associated with numerical
vectors summarizing their main features. These feature
vectors are created through a similarity-preserving transfor
mation, so that similar fingerprints are mapped into close
points (vectors) in the multidimensional space. The retrieval
is performed by matching the input fingerprint with those
in the database whose corresponding vectors are close to
the searched one. Spatial data structures can be used for
indexing very large databases. A continuous classification
approach allows the problem of exclusive membership of
ambiguous fingerprints to be avoided and the system'’s
efficiency and accuracy to be balanced by adjusting the
size of the neighborhood considered. Most of the continu-
ous classification techniques proposed in the literature use
the orientation image as an initial feature but differ in the
transformation adopted to create the final vectors, and in
the distance measure.

Some other continuous indexing methods are based on
fingerprint minutiae features using techniques such as geo-
metric hashing. Continuous indexing algorithms can also
be built using other non-minutiae-based fingerprint features
such as texture features.
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FIGURE 6-13

The six commonly used
fingerprint classes:

(a) whorl, (b) right loop,
(c) arch, (d) tented arch,
(e) left loop, and

(f) double loop whorl.

Choosing an indexing technique alone is usually not suf-
ficient; a retrieval strategy is also usually defined according
to the application requirements, such as the desired ac-
curacy and efficiency, the matching algorithm used to com-
pare fingerprints, the involvement of a human reviewer,
and so on. In general, different strategies may be defined
for the same indexing mechanism. For instance, the search
may be stopped when a fixed portion of the database

has been explored or as soon as a matching fingerprint is
found. (In latent fingerprint individualization, a forensic ex-
pert visually examines the fingerprints that are considered
sufficiently similar by the minutiae matcher and terminates
the search when a true correspondence is found.) If an
exclusive classification technique is used for indexing, the
following retrieval strategies can be used:

Right loop

Hypothesized class only—Only fingerprints belonging
to the class to which the input fingerprint has been as-
signed are retrieved.

Fixed search order—The search continues until a match
is found or the whole database has been explored. If a
correspondence is not found within the hypothesized
class, the search continues in another class, and so on.

Variable search order—The different classes are visited
according to the class likelihoods produced by the
classifier for the input fingerprint. The search may be
stopped as soon as a match is found or when the likeli-
hood ratio between the current class and the next to be
visited is less than a fixed threshold.



Finally, many system-level design choices may also be
used to make the retrieval fast. For example, the search
can be spread across many computers, and special-
purpose hardware accelerators may be used to conduct
fast fingerprint matching against a large database.

Although manual fingerprint matching is a very tedious
task, a well-trained forensic expert is not likely to make in-
dividualization mistakes, especially when the fingerprint im-
age quality is reasonable. Automatic fingerprint algorithms,
on the other hand, are not nearly as accurate as forensic
experts and have difficulty in dealing with the many noise
sources in fingerprint images. Accuracy of fingerprint
algorithms is crucial in designing fingerprint systems for
real-world usage. The matching result must be reliable
because many real-world decisions will be based on it.
Algorithm designers usually acquire or collect their own fin-
gerprint database and test the accuracy of their fingerprint
algorithms on this database. By testing new algorithms,

or changes in the old algorithm, or changes in algorithm
parameters on the same database, they can know whether
the new algorithm or changes improve the accuracy of the
algorithm. Further, the algorithms’ developers look closely
at the false-positive and false-nonmatch errors made by
their algorithms and get a better understanding of the
strengths and limitations of their algorithms. By comparing
the errors made by different algorithms or changes, the al-
gorithm designers try to understand whether a change im-
proves false positives, false nonmatches, both, or neither,
and why. The algorithms’ designers can then come up with
algorithmic techniques to address the remaining errors

and improve their algorithms' accuracy. It is desirable to
have as large a database of fingerprints as possible from as
large a demography as possible so that the algorithms are
not overly adjusted to any certain variety of fingerprints and
the accuracy obtained in the laboratory generalizes well in
the field. Public organizations (e.g., NIST) perform periodic
testing of fingerprint algorithms from different vendors on
a common database to judge their relative accuracy.

There is a trade-off between the false positives and false-
nonmatch error rates in fingerprint matching. Either of
these two errors can be lowered at the expense of increas-
ing the other error. Different applications have different
requirements for these two types of errors. Interestingly,
different fingerprint algorithms may perform differently,
depending on the error rates. For example, algorithm A
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may be better than algorithm B at a low false-positive rate,
but algorithm B may be better than algorithm A at a low
false-nonmatch rate. In such cases, the algorithm design-
ers may choose a certain algorithm or specific parameters
to be used, depending on the application.

6.5 Summary

Fingerprint technology has come a long way since its
inception more than 100 years ago. The first primitive live-
scan fingerprint readers introduced in 1988 were unwieldy
beasts with many problems as compared to the sleek,
inexpensive, and relatively miniscule sensors available to-
day. During the past few decades, research and active use
of fingerprint matching and indexing have also advanced
our understanding of individuality, information in finger
prints, and efficient ways of processing this information.
Increasingly inexpensive computing power, less expensive
fingerprint sensors, and the demand for security, efficiency,
and convenience have led to the viability of automatic
fingerprint algorithms for everyday use in a large number of
applications.

There are a number of challenges that remain to be over
come in designing a completely automatic and reliable
fingerprint individualization system, especially when finger
print images are of poor quality. Although automatic sys-
tems have improved significantly, the design of automated
systems do not yet match the complex decision-making of
a well-trained fingerprint expert as decisions are made to
match individual fingerprints (especially latent prints). Still,
automatic fingerprint matching systems hold real promise
for the development of reliable, rapid, consistent, and cost-
effective solutions in a number of traditional and newly
emerging applications.

Research in automatic fingerprint recognition has been
mostly an exercise in imitating the performance of a human
fingerprint expert without access to the many underlying
information-rich features an expert is able to glean by visual
examination. The lack of such a rich set of informative
features in automatic systems is mostly because of the
unavailability of complex modeling and image-processing
techniques that can reliably and consistently extract
detailed features in the presence of noise. Perhaps using
the human, intuition-based manual fingerprint recognition
approach may not be the most appropriate basis for the
design of automatic fingerprint recognition systems. There
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may be a need for exploring radically different features rich
in discriminatory information, robust methods of fingerprint
matching, and more ingenious methods for combining
fingerprint matching and classification that are amenable to
automation.
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1.1 Introduction

Latent fingerprint development may be achieved with a
wide array of optical, physical, and chemical processes,
most having evolved during the past century. Because
some techniques are often intricately related and con-
tinuously changing, it is imperative that those involved in
laboratory and crime scene processing are well trained and
well practiced (Trozzi et al., 2000, pp 4-9; Kent, 1998).

For those involved in crime scene and laboratory work,
safety is paramount. It is important to follow safe work
practices when using the processes described in this chap-
ter. This can be accomplished by observing manufacturer
warnings, reading material safety data sheets, and observ-
ing one's own institutional policies regarding evidence
handling and fingerprint development. It is also important
for those working with potentially hazardous materials

or equipment to wear the appropriate personal protec-
tive equipment, such as gloves, lab coats, eye protection,
and respirators; to use engineering controls such as fume
hoods; and to practice proper laboratory procedures to
reduce exposure to pathogens or harmful chemicals
(Masters, 2002).

Fingerprints found at crime scenes or developed in the
laboratory are categorized by some examiners as patent,
latent, or plastic impressions (Lee and Gaennslen, 2001,
p 106), although all three types are routinely associated
with the term latent print.

A patent print is simply a visible print. Many of these types
of prints are wholly visible to the unaided eye, and only
some form of imaging is needed for preservation. A good
example of a patent print would be a greasy impression left
on a windowpane. Patent prints can also be left in blood,
paint, ink, mud, or dust. Lighting is a very important con-
sideration in the search for this type of fingerprint; a good
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flashlight or forensic light source is especially useful in the
hunt for patent impressions.

The word /atent means hidden or unseen. Latent prints are
undetectable until brought out with a physical or chemical
process designed to enhance latent print residue. Many

of these processes and techniques are discussed in the
remainder of this chapter.

A plastic print is created when the substrate is pliable
enough at the time of contact to record the three-dimen-
sional aspects of the friction skin. These impressions

are formed when the raised friction ridges are physically
pushed into the substrate, creating a mold of the friction
skin ridge structure. Clay, putty, soft wax, melted plastic,
heavy grease, and tacky paint are all substrates condu-
cive to forming and retaining plastic impressions. Plastic
impressions are usually photographed under oblique light-
ing that enhances the contrast of the ridges and furrows.
These prints may also be preserved with silicone-type
casting materials.

Deposition factors that influence the quality, or even

the presence, of latent prints include the conditions sur
rounding the contact between friction skin and those
objects that are touched. These conditions are described
as follows:

Pre-transfer conditions include the condition or health

of the donor's friction skin and the amount and type of
residue on the skin (Olsen, 1978, pp 118-120). These
conditions are affected by age, gender, stimuli, occupation,
disease, and any substances the subject may have touched
prior to deposition.

Transfer conditions also dictate whether a suitable im-
pression will be left (Olsen, 1978, pp 117-122). These are
the conditions of the surface (substrate) being touched,
including texture, surface area, surface curvature or shape,
surface temperature, condensation, contaminants, and
surface residues. The pressure applied during contact (de-
position pressure), including lateral force, also contributes
to transfer conditions.

Post-transfer conditions, also called environmental fac-
tors, are forces that affect the quality of latent prints after
deposition (Olsen, 1978, pp 121-122). Examples of these
factors are physical contact from another surface, water,
humidity, and temperature.
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Correctly identifying the type of surface expected to bear

a fingerprint is an important step toward successful devel-
opment. Surfaces are generally separated into two classes:
porous and nonporous. This separation is required to select
the proper technique or reagent and the appropriate se-
quential order for processing.

Porous substrates are generally absorbent and include
materials like paper, cardboard, wood, and other forms of
cellulose. Fingerprints deposited onto these media absorb
into the substrate and are somewhat durable. Amino acid
techniques are particularly useful here because the amino
acids tend to remain stationary when absorbed and do not
migrate (Almog, 2001, p 178).

Nonporous surfaces do not absorb. These surfaces repel
moisture and often appear polished. They include glass,
metal, plastics, lacquered or painted wood, and rubber.
Latent prints on these substrates are more susceptible to
damage because the fingerprint residue resides on the out-
ermost surface. Cyanoacrylate (CA), dye stains, powders,
and vacuum metal deposition are usually the best choices
to use on these surfaces.

A type of substrate that does not easily fit into the first two
categories but should be mentioned is considered semipo-
rous. Semiporous surfaces are characterized by their nature
to both resist and absorb fingerprint residue. Fingerprint
residue on these surfaces may or may not soak in because
of the absorbent properties of the substrate and the vari-
able viscous properties of the fingerprint residue. These
surfaces include glossy cardboard, glossy magazine covers,
some finished wood, and some cellophane. Semiporous
surfaces should be treated with processes intended for
both nonporous and porous surfaces.

Textured substrates can be porous or nonporous and pres-
ent the problem of incomplete contact between the fric-
tion ridge skin and the surface being touched. (An example
might be the pebbled plastic of some computer monitors.)
This often results in fingerprints being discontinuous and
lacking fine detail when developed. Additionally, these
surfaces often do not respond well to a conventional brush
and powder. The brushing action and tape lift typically
develop the texture of the substrate, leaving fingerprints
difficult or impossible to visualize.



Various technigues, such as the use of very fine powder or
flexible lifting media, may be used to reduce the problems
caused by textured surfaces (Guerrero, 1992; Kelly et al.,
2001, pp 7-12; Knaap and Adach, 2002, pp 561-571).

Fingerprint reagents and development techniques are gen-
erally intended to be used in combination and sequential
order. These methods are often specific to either porous

or nonporous substrates; however, some techniques have
universal applications. Deviation from the recommended
order could render subsequent processes ineffective.
Refer to Trozzi et al. (2000), Kent (1998), and Champod

et al. (2004, pp 217-225) for examples of guidelines for
sequential ordering, and to Champod et al. (2004, pp
105-179) for a recent review that includes many fingerprint
development techniques. The following general procedures
are appropriate during a systematic search for latent finger
print evidence:

e Visual inspection with a bright light, forensic light
source, or laser

e Sequential latent print processing
e Documentation of developed prints at each step

It is important to note that not all processes are used
invariably. Some discretion will remain with individual agen-
cies and practitioners both at the crime scene and in the
laboratory. The following factors may influence the choice
of development technigues as well as the level of resourc-
es used in any situation:

e Type of latent print residue suspected
e Type of substrate
e Texture of substrate

e Condition of substrate (clean, dirty, tacky, sticky,
greasy, etc.)

e Environmental conditions during and following latent
print deposition

e |ength of time since evidence was touched
e Consequences of destructive processing methods

e Subsequent forensic examinations
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e Sequential ordering of reagents

e Seriousness of the crime

Proper evidence handling begins with the use of latex,
nitrile, PVC, or other suitable gloves. Some glove manufac-
turers or safety supply distributors will list gloves recom-
mended for use with various chemicals. The use of gloves
protects the evidence from contamination and the user
from exposure to pathogens or hazardous chemicals. It
does not, however, guarantee that latent prints will be pre-
served because even a gloved hand may destroy fragile la-
tent prints on contact. This is especially true on nonporous
surfaces where the latent print resides on the extreme
surface of the evidence. To prevent damage to fingerprints
on these surfaces, evidence should be handled in areas not
normally touched or on surfaces incapable of yielding viable
fingerprints. It should also be noted that the use of gloves
does not preclude the transfer of friction ridge detail from
the examiner to the exhibit (Willinski, 1980, pp 682-685;
St-Amand, 1994, pp 11-13; Hall, 1991, pp 415-416).

Packaging helps ensure the integrity of the evidence by
keeping contaminants away, keeping trace evidence intact,
and helping to guarantee chain of custody. Cardboard
boxes, paper bags, and plastic bags are the most common
forms of evidence packaging. Most experts recommend
paper packaging because it is breathable and cost effective,
although plastic bags are also widely used. Any items that
have been wet should be allowed to airdry prior to packag-
ing because excess moisture trapped in any package will
increase the probability of destructive fungal growth. Mois-
ture can also be trapped in plastic bags when evidence is
gathered in high-humidity environments.

Iltems of nonporous evidence should not be allowed to rub
together. Nonporous evidence should be stored singly,
secured inside an appropriately sized package in a manner
that prevents shifting and rubbing. Under no circumstances
should fillers such as shredded paper, wood shavings,

or packing peanuts be used inside the package with the
evidence because they may easily wipe off fragile finger
prints. (However, they can be used outside the evidence
container, inside the mailing container.) Porous evidence
can be secured in boxes, bags, and envelopes and can

be stored together because latent prints are not likely to
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rub off on contact. Once evidence is secured, the pack-
age should be sealed with evidence tape so that there are
no entry points. The tape should be signed by the person
securing the evidence, and the appropriate identifying
information should be placed on the package as specified
by the agency responsible for collection.

The remainder of this chapter is intended to describe,

in some detail, the nature of latent print residue and the
most commonly used fingerprint development techniques.
Experimental and novel techniques have not been included,
nor have processes considered by the authors to be redun-
dant, impractical, or overly hazardous. However, the omis-
sion of reference to a particular technique does not indicate
its unsuitability as a fingerprint development technique.
Several formulations for various chemical solutions have
been collected in Section 7.14.

7.2 The Composition of Latent
Print Residue

The composition of sweat that is deposited when fric-

tion ridge skin makes contact with a surface is a complex
mixture (Ramotowski, 2001, pp 63-104; Bramble and
Brennan, 2000, pp 862-869). Recent studies have identi-
fied hundreds of compounds present in human sweat
(Bernier et al., 1999, pp 1-7; Bernier et al., 2000, pp 746-
756). A considerable number of studies into the nature of
sweat have been performed by both the dermatology and
forensic science communities. In particular, a number of
studies have investigated how the chemical composition
of these residues changes with time, which is a critical
problem for the fingerprint examiner. Although knowledge
of the composition of sweat produced in the various glands
throughout the body is of interest and provides a baseline
for comparison purposes, this information does not accu-
rately represent what is actually going on in the deposited
print at a crime scene. Studies have shown that significant
changes begin to occur in the latent print almost immedi-
ately after deposition. If the latent print is to be success-
fully visualized, a thorough understanding of these changes
is needed.

This section will begin with a very brief overview of skin
anatomy, which will be necessary to gain a better under
standing of how the chemical compounds in a latent print
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are secreted onto the surface of friction ridge skin. Next,
there will be a detailed look at the chemical composition
of the secretions from each of the glands responsible for
contributing to latent print residue. Another section will
cover how the composition of some of these secretions
changes as the donor ages. Finally, recent studies that
have investigated how latent print residue changes with
time will be summarized.

This topic is covered in more detail elsewhere in this source-
book, so the treatment here will be very brief. Readers are
directed to Ramotowski (2001, pp 63-104) for more detail.

Skin is the largest organ in the human body (Odland, 1991).
The total area of skin on the body exceeds 2 m?; yet, on
most parts of the body, the thickness is no more than 2
mm. Skin serves several functions, including regulation

of body temperature, moisture retention, protection from
invasive organisms (e.g., viruses, bacteria), and sensa-
tion. It is composed of two primary and distinct layers, the
epidermis and dermis.

The epidermis is composed of several distinct layers
(Ramotowski, 2001, pp 63-104; Odland, 1991). The layer
situated just above the dermis is the stratum germinativum
(basal cell layer), and the top layer is the stratum corneum
(cornified layer). In this stratum, eleiden is converted to
keratin, which is continually sloughed off the surface of the
epidermis, resulting in a constant need to replenish the
keratin that is lost. A cell beginning in the stratum germina-
tivum typically travels through to the stratum corneum in
about 28 days.

The dermis is composed of a variety of different connective
tissues, including collagen, elastin fibers, and an interfi-
brillar gel composed of glycosamin—proteoglycans, salts,
and water (Odland, 1991). This layer also contains the two
major sudoriferous and sebaceous glands.

Three primary glands contribute to the production of
sweat. These are the sudoriferous glands (eccrine and apo-
crine) and the sebaceous glands. Each gland contributes a
unique mixture of chemical compounds. These compounds
either exude from pores onto the friction ridges or are
transferred to the friction ridges through touching an area
(e.g., the forehead, underarm, etc.).



The eccrine gland is one of two types of sudoriferous (or
“sweat") glands present in the body. Several million of
these glands are distributed throughout the body, most
commonly on the palms of the hands and soles of the feet
and least numerous on the neck and back (Anderson et

al., 1998, p 1561). These glands produce a secretion that is
mostly water but contains many compounds in trace quan-
tities (Brusilow and Gordes, 1968, pp 513-517; Mitchell and
Hamilton, 1949, p 360; Sato, 1979, pp 52-131; Bayford,
1976, pp 42-43; Olsen, 1972, p 4). The average quantity

of secretions produced during a typical 24-hour period
varies between 700 and 900 grams. The pH of sweat has
been reported to vary from 7.2 (extracted directly from the
gland), to 5.0 (recovered from the skin surface at a low
sweat rate), to between 6.5 and 7.0 (recovered from the
skin surface at a high sweat rate) (Kaiser and Drack, 1974,
pp 261-265).

The eccrine gland also secretes organic compounds. Of
primary importance to the development of latent print
ridge detail are the amino acids. Table 7-1 summarizes the
average values of abundance for the amino acids listed (Ha-
dorn et al., 1967 pp 416-417; Hamilton, 1965, pp 284-285;
Oro and Skewes, 1965, pp 1042-1045). Serine is the most
abundant amino acid, and thus all other values are normal-
ized to a value of 100 for that compound. Proteins are

also found in eccrine sweat (Nakayashiki, 1990, pp 25-31;
Uyttendaele et al., 1977 pp 261-266). One study found
more than 400 different polypeptide components present
(Marshall, 1984, pp 506-509).

Lipids have also been detected in eccrine sweat. There is
some difficulty in accurately determining the amounts of
these compounds present in eccrine secretions because
sweat often mixes with sebaceous compounds on the skin
surface. However, one study reported detectable amounts
of both fatty acids and sterol compounds (Boysen et al.,
1984, pp 1302-1307).

Other miscellaneous compounds, including drugs, have
been found in eccrine secretions (Sato, 1979, pp 52-131;
Lobitz and Mason, 1948, p 908; Forstrom et al., 1975,

pp 156-157). One study reported the presence of sulfon-
amides, antipyrine, and aminopyrine (Johnson and Maibach,
1971, pp 182-188). Another reported that L-dimethylam-
phetamine and its metabolite L-methamphetamine had
been detected (Vree et al., 1972, pp 311-317). Ethanol has
also been detected in eccrine sweat (Naitoh et al., 2000,
pp 2797-2801), which has led to the suggestion of using
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Table 7-1

Relative abundance of amino acids in sweat.

Serine 100
Ornithine-Lysine 45
Alanine 30
Threonine 15
Valine 10
Glutamic acid 8
Phenylalanine 6
Tyrosine 5

sweat as a means of noninvasively determining a person’s
serum ethanol concentration (Hawthorne and Wojcik, 2006,
pp 65-71). Acetaminophen has also been reported in a
person's sweat a day after taking the medication (Mong et
al., 1999).

The other sudoriferous gland present in skin is the apocrine
gland. These sweat glands are associated with the coarse
hair of the armpits and pubic area. They are larger than
eccrine glands and secrete a thicker fluid (Anderson et al.,
1998, p 1561). The gland’s duct typically empties into a hair
follicle (above where a sebaceous gland duct would be)
before the secretions reach the skin’s surface (Robertshaw,
1991). Because the contents of the apocrine gland often
mix with sebaceous secretions prior to reaching the skin’s
surface, it is difficult to obtain uncontaminated “pure”
apocrine secretions for analysis. One of the few published
studies of apocrine secretions described them as milky in
appearance and stated that they dried to a plasticlike solid,
which fluoresced and had an odor (Shelley, 1951, p 255).
Compounds reported to have been isolated from apocrine
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secretions include proteins, carbohydrates, cholesterol,
iron (Knowles, 1978, pp 713-721), C -steroid sulfates, and
A16-steroids (Toth and Faredin, 1985, pp 21-28; Labows et
al., 1979, pp 249-258).

Sebaceous glands are relatively small saclike organs and
can be found in the dermis layer of skin. They are found
throughout the body and are associated with body hair.
They are particularly abundant on the scalp, face, anus,
nose, mouth, and external portions of the ear (Anderson et
al., 1998, p 1464). They are not found on the palms of the
hands or soles of the feet. The secretions from the seba-
ceous gland typically empty into a hair follicle before reach-
ing the skin's surface, although in some regions they do
reach the skin’'s surface directly (e.g., lips). The purpose of
sebaceous secretions appears to be to help prevent sweat
evaporation (and thus retain body heat) and to lubricate hair
and surrounding skin.

The primary compounds present in sebaceous secretions
are lipids. Table 7-2 lists the approximate percentage val-
ues for the various lipid classes present in sebaceous se-
cretions, as reported by Goode and Morris (1983). Knowles
(1978, pp 713-721) reported similar concentration ranges.

Table 7-2

The approximate percentage of lipids in
sebaceous secretions.

Lipid Percentage
Glycerides 33
Fatty acids 30
Wax esters 22
Cholesterol esters 2
Cholesterol 2
Squalene 10

Free fatty acids in sebum are derived primarily from the
hydrolysis of triglycerides and wax esters. About half of the
fatty acids are saturated, with straight chain C16 and C14
being the most common (Green, 1984, pp 114-117). Mono-
unsaturated fatty acids comprise about 48% of sebum, and
polyunsaturated acids comprise the remaining 2-3% (Nico-
laides and Ansari, 1968, pp 79-81). Branched chain fatty
acids have also been reported (Green, 1984, pp 114-117).
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Wax esters comprise about 20-25% of sebum. These
compounds contain a fatty acid that has been esterified
with a fatty alcohol. A significant percentage of these com-
pounds (=27%) have been reported to contain branched
chain fatty acids (Nicolaides et al., 1972, pp 506-517).
Sterol esters are thought to be produced secondarily by
certain strains of bacteria (Puhvel, 1975, pp 397-400).
Squalene, which comprises about 10% of sebum, is a ma-
jor precursor for steroid production in the body (including
the steroid alcohols, lanosterol and cholesterol).

The free fatty acid composition in sebum changes
dramatically with age of the donor (Ramasastry et al., 1970,
pp 139-144). The approximate percentage of fatty acids in
newborns (approximately 5 days old) has been reported to
be only about 1.5% of the overall sebum composition. This
value rises dramatically to about 20-23% in young chil-
dren (age 1 month to 4 years). The value then stabilizes to
16-19% for adolescent and postadolescent subjects (up to
approximately 45 years of age).

Triglycerides also vary significantly. Newborns were found
to have triglycerides making up approximately 52% of their
sebum. This value decreased to 38% in infants (1 month to
2 years of age). Subsequently, the value peaked at 50% in
young children (ages 2—-4 years) and then slowly decreased
to 41% in postadolescent subjects.

In newborns, 26.7% of sebum was composed of wax
esters. This value began to decrease in infants (17.6%)

and continued until reaching a low of 6.9% in subjects
between the ages of 4 and 8 years. The values then began
to increase in preadolescents (17.8%) and continued to rise
until reaching a maximum of 25% in postadolescents (up
to 45 years of age).

The value of cholesterol in sebum tended to peak in pre-
adolescents (7.2%). Newborns were reported to have 2.5%
cholesterol in their sebum, whereas postadolescents had
the lowest values, 1.4%. Cholesterol ester composition
tended to vary in an unpredictable way. A value of 6.1%
was reported for newborns, which increased to 10.3%

for infants (1 month to 2 years of age). This value then
decreased to 8.9% for young children (ages 2-4 years) and
then increased to 14.6% in subjects of ages 4-8 years. This
value then decreased dramatically to 5.7% in preadoles-
cent children and continued to decline to 2.1% in postado-
lescent subjects (up to 45 years of age).



Although squalene composition changes with donor age,
the range is not very significant. The concentration of squa-
lene begins at 9.9% for newborns and reaches a low of
6.2% in children of ages 2-4 years. The concentration then
slowly begins to rise in children 4-8 years in age (7.7 %) and
peaks at a value of 12% in postadolescents.

A latent print is a mixture of some or all of the secretions
from the three types of glands. The amount of material
contained in a latent print deposit is rather small, typically
less than 10 pg, and has an average thickness of about

0.1 um (Scruton et al., 1975, pp 714-723). The latent print
secretion is a complex emulsification of these numerous
and varying compounds. When deposited on a surface,
nearly 99% of the print is composed of water. As this wa-
ter begins to evaporate rapidly from the deposit, the print
begins to dry out. This process begins to alter certain re-
agents’ ability to visualize the print. Fingerprint powder, for
example, will not work as well on a dried-out latent print,
but other processes, like ninhydrin and physical developer,
have developed prints several years old (McDiarmid, 1992,
pp 21-24).

Latent print residue is generally divided into two basic
categories, watersoluble and waterinsoluble. The water
soluble portion of the print deposit is typically composed
of eccrine secretions like salts (e.g., NaCl) and amino acids
(e.g., serine, glycine). Chemicals like ninhydrin (which
reacts with amino acids) and silver nitrate (which reacts
with sodium chloride) are effective reagents for visualizing
this water-soluble portion of the residue. However, an
eccrine-rich latent print that is exposed to water most likely
will not be recovered with these methods. This is why,
before the introduction of physical developer in the 1970s,
there was no reliable method for recovering prints from
water-soaked documents.

The waterinsoluble portion can really be divided into two
subcategories. One fraction of this residue is composed
of large, waterinsoluble molecules (e.g., proteins) and the
other fraction is composed mainly of nonpolar lipids (e.g.,
fatty acids). Reagents like physical developer are thought
to react with compounds similar to the first fraction, and
reagents like Oil Red O or Nile Red react with lipids from
the second fraction.
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A number of laboratories have looked into studying the
changes in the composition of latent print residue and have
determined that the composition of latent print residue can
change dramatically over time. The foundation work in this
area was conducted during the 1960s and 1970s by the
U.K. Home Office Scientific Research and Development
Branch and Central Research Establishment (Bowman et
al., 2003, pp 2-3). Additional studies have been conducted
by some of the Home Office Forensic Science Service
laboratories and several Department of Energy National
Laboratories.

The U.K. Home Office sponsored a number of research
efforts, which were carried out by two groups: the Sci-
entific Research and Development Branch (also known

as the Police Scientific Development Branch [PSDB] and
currently known as the Scientific Development Branch) and
the Central Research Establishment. A number of studies
conducted in the mid- to late 1960s looked at determin-
ing the amount of certain inorganic compounds (chlorides)
(Cuthbertson, 1969) as well as lipids (Wilson and Darke,
1978) in latent print residue. These studies did not address
the changes in composition with time. However, one study
monitored the change in chlorides, amino acids (as leu-
cine), and urea concentration in a deposit over the course
of 236 days (Knowles, 1978, pp 713-721). After 236 days,
the chloride concentration had changed from 0.223 pg/cm?
to0 0.217 ug/cm?. The amino acid content had changed from
0.083 pg/cm? to 0.046 pg/cm?, and the urea content from
0.083 pg/cm? to 0.028 ug/cm?.

The PSDB recently sponsored some work in this area
(Fitzgerald, 2003). A project was started in February 2002
between the University of Lincoln and PSDB to look into
the gas chromatography—mass spectroscopy (GC-MS)
analysis of the composition of latent print residue and how
it changes over time.

The U.K. Home Office Forensic Science Service (FSS) has
also been active in the area of latent print chemistry. The
FSS conducted an early preliminary study in conjunction
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with the University of Lausanne in 1999 (Jacquat, 1999).
This study compared the aging of prints exposed to light
and darkness over the period of 1 month. The six most
abundant peaks found in the residue were oleic acid,
palmitic acid, cholesterol, squalene, and two wax esters.
Data were collected from four donors at the time of
deposition (t = 0), after 2 weeks, and finally after 4 weeks.
Palmitic acid in a print kept in the dark and squalene in a
print kept in the light showed a significant decrease over
the first 2 weeks and then stabilized. Cholesterol and oleic
acid showed a regular decrease in prints stored in the dark.
No other observable trends were detected for the other
compounds.

A recent study funded by the Technical Support Working
Group (TSWG), an interagency working group that funds
projects related to counterterrorism, looked at the changes
in lipid content of a print over time and under different
environmental conditions (Jones et al., 2001a). The FSS
study used methyl-N-trimethylsilyltrifluoroacetamide as

a derivitizing agent. Samples were analyzed at selected
intervals and stored in either light or dark conditions at

25 °C and 20% relative humidity. Several general trends
were observed. Squalene was found to degrade rather
quickly and was rarely detected in older prints. In some
cases, certain fatty acid concentrations initially increased
before tending to decrease over time. This may have been
due to the breakdown of wax esters, which may have con-
tributed fatty acids to the residue before the compounds
began to break down. Similar trends were observed for
samples stored in the dark; however, the decreases were
less rapid than for samples stored in the light. The FSS

is currently continuing to investigate this topic with a
research grant issued by the U.K. Engineering and Physical
Sciences Research Council.

Another effort conducted by the FSS involved the use of
microfluidic systems for the chemical analysis of latent
print residues (Valussi, 2003). The objective of this work
was to develop a microfluidic device, based on capillary
electrophoresis (CE), that would enable sampling, pre-
concentration, and analysis of latent print residues. The
proposed micro-TAS (total analytical system) used micro-
chip technology to allow for ultrafast and highly efficient
separations. The analysis involved placing a print directly
onto a gel-coated CE chip. An applied voltage caused polar
components of the residue to migrate into the chip. After
preconcentration, the residue was separated and then ana-
lyzed. The project demonstrated that the CE chip method
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is capable of separating certain components of latent print
residue; however, additional refinements will be necessary
to separate specific compounds (or groups of compounds)
of interest.

The Pacific Northwest National Laboratory (PNNL) per
formed a series of aging experiments for latent prints de-
posited on glass fiber filter paper (Mong et al., 1999). This
TSWG-funded R&D effort was done during the late 1990s.
The results obtained from the aging experiments were
generally as expected. Most of the unsaturated lipids (e.g.,
squalene and fatty acids such as oleic and palmitoleic ac-
ids) diminished significantly during the 30-day study period.
The saturated compounds (e.g., palmitic and stearic acids)
remained essentially stable during the same 30-day period.
Overall, as the sample print aged, there was a tendency

to form more lower molecular weight breakdown prod-
ucts (e.g., octanoic and nonanoic acids) over time. It was
hypothesized that these low molecular weight compounds
would either break down further or evaporate.

The Savannah River Technical Center (SRTC), in a project
jointly funded by the Department of Energy and TSWG,
also studied how latent print residue changes with time
(Walter, 1999). This study focused on what changes occur
as lipids in the print begin to age. The ultimate goal was to
determine whether any of the breakdown products would
be suitable for visualization by chemical reagents. A limited
number of conditions (e.g., UV exposure, indoor and out-
door conditions, addition of a catalyst) were also evaluated
as part of this study.

The primary breakdown products for the lipids studied by
SRTC were found to be a class of compounds known as
hydroperoxides. The standard mixture used in this experi-
ment involved a combination of cholesterol, triglycerides,
fatty acids, wax esters, cholesterol esters, and a catalyst,
protoporphyrin IX dimethyl ester (approximately 0.01% of
the overall mixture). This mixture was then exposed to the
various environmental conditions. As with the PNNL study,
the SRTC found that unsaturated compounds were rapidly
depleted from the samples, even ones stored in relatively
cool, dark conditions. One experiment that looked at the
aging of squalene on a glass slide found that after 1 month
of exposure to ambient laboratory conditions, 10% of the



sample had been converted to hydroperoxides. The SRTC
was going to pursue chemiluminescent methods for visual-
izing these hydroperoxides. However, because hydroperox-
ides themselves are somewhat unstable, it is not known
how long these compounds remain in aged print residues
and whether additional compounds found in actual prints
would speed up their breakdown.

The chemistry of latent print residue is very complex,

yet its physical characteristics and properties are due to
more than just the hundreds (or potentially thousands) of
chemical compounds that comprise the residue. These
compounds form a complex three-dimensional matrix, an
emulsion of water and organic and inorganic compounds.
The interaction of all of these different compounds as they
are exposed to a variety of environmental conditions over
a period of time can produce dramatic changes in the
physical properties of the latent print. These changes can
explain why some reagents, like powders, and iodine
fuming, tend to work on relatively fresh prints, whereas a
reagent like physical developer has been known to develop
decades-old prints.

It is only by obtaining a better understanding of the chemi-
cal composition of latent print residue and how it changes
with time that we can make improvements to existing
reagents and design novel compounds for specialized
conditions or surfaces. Such data will also assist in better
understanding how latent print development reagents actu-
ally work (as well as what they actually react with in the
residue). Only then can we develop a methodical approach
for reagent design that will yield useful new techniques in
the future for visualizing latent print residues.

1.3 Latent Print Powders

Latent print visualization with powder, or “dusting’ involves
the application of finely divided particles that physically
adhere to the aqueous and oily components in latent print
residue on nonporous surfaces (Sodhi and Kaur, 2001, pp
172-176). This technique is one of the oldest and most
common methods of latent print detection, with one of
the earliest references dating back to 1891 (Forgeot, 1891,
pp 387-404). Early practitioners used a variety of locally
available ingredients to make their own dusting powders,
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including charcoal, lead powder, cigar ashes (Moenssens,
1971, pp 106-107), powdered “washing blue’ powdered

iron, soot (Lightning Powder Inc., 2002, pp 2-3), and talc
(Olsen, 1978, pp 212-214).

Fingerprint dusting is relatively simple and relies on the
adherence of powder to the latent print residue to provide
good visibility and definition of fingerprint detail. Latent
print powder has an affinity for moisture and preferentially
clings to the residue deposited by friction ridge skin. It

is well accepted that the mechanical attraction between
these particles and the moisture and oily components in

a print causes adhesion, with absorption being a factor
(Olsen, 1978, pp 212-214; Lee and Gaensslen, 2001,

pp 108-109). Particle size, shape, relative surface area
(Olsen, 1978, pp 212-214), and charge (Menzel, 1999,

p 143) appear to play roles as well.

Most commercial powders rely on at least two essential
elements to provide adhesion to latent print residue with-
out “painting” the substrate. These elements are referred
to as pigment and binder. The pigment in fingerprint pow-
der provides for effective visualization, offering contrast
and definition against the background surface. The binder
(also referred to as the carrier in some applications) pro-
vides for maximum and preferential adhesion to latent
print residue (Menzel, 1999, p 143). Some pigment
powders offer enough adhesion to be used individually.
Background painting occurs when an undesirable amount
of powder adheres to the substrate as well as the latent
print, hindering detection.

Visualization will occur via reflected light (light powders),
absorbed light (dark powders), and luminescence (fluores-
cent powders). Sometimes powders are combined for
effectiveness on both light and dark substrates. This is the
case with bichromatic powder, which uses highly reflective
aluminum powder mixed with black powder to achieve
visualization on both light and dark surfaces. A disadvan-
tage of mixing different types of pigment particles is that
extremely faint impressions, with few particles adhering to
the print, may suffer from having only a fraction of the
necessary pigment needed for visualization. This problem
can be overcome by tagging a single type of pigment
particle with a fluorescent dye stain, thus creating a
particle with dual uses rather than combining different
types of particles.
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Commercial powder manufacturers tend to label powders
by color, such as black, white, silver, gray, and so forth,
rather than labeling the ingredients. Particles that serve as
good fingerprint powders include carbon black (colloidal
carbon), lamp black, talc, kaolin, aluminum, metal flake,
and dolomite (Lee and Gaensslen, 2001, pp 108-109),
among others. Good binders include iron powder (Lee and
Gaennslen, 2001, pp 108-109), lycopodium, corn starch,
rosin, and gum arabic (Menzel, 1999, p 143).

One of the most common latent print powders, known

for its versatility and effectiveness, is carbon black. When
mixed with a carrier, this powder works on a wide range
of surfaces and causes little substrate painting (Cowger,
1983, pp 79-80). Carbon black mixtures produce a dark
gray-black image that can be visualized on varying colored
surfaces. This type of powder will also show up on glossy
black surfaces, conversely appearing light in color (Cowger,
1983, pp 79-80). Interestingly, black fingerprint powder can
also be prepared or “tagged” with a fluorescent dye stain
(Thornton, 1978, pp 536-538), giving it the dual purpose as
a photoluminescent technique as well.

Other effective and widely used latent print powders are
flake metal powders made from aluminum, zinc, cop-
per, brass, stainless steel, iron, cobalt, and nickel. Some
data indicate that flake powders are more sensitive than
nonflake powders (Kent, 1998). However, flake powders
also sometimes tend to “paint” the substrate more than
nonflake particles do.

Flake powders are manufactured by ball-milling spherical
metallic particles into flakes ranging from 1 to 50 pm in
diameter (James et al., 1991, pp 1368-1375). The increased
surface area of the flake relative to the weight of the
particle contributes to this powder’s adhesion. It appears
that commercially available flake powder with a mean
diameter of 10 um and an average thickness of 0.5 um is
optimum for latent print development. It is also important
to note that the addition of stearic acid, intended to
influence flake morphology during milling, increases the
adhesion value of the flakes as well (James et al., 1990, pp
247-252). Aluminum flake powder that was washed of its
stearic acid content resulted in poor fingerprint develop-
ment, whereas aluminum flakes produced with approxi-
mately 10 weight-percent of stearic acid produced good
results (James et al., 1991, pp 1368-1375). Another study
indicated that a range of flake metals produced optimum
results with 3-5 weight-percent of stearic acid levels
(James et al., 1993, pp 391-401).

7-12

All manufacturer warnings, including those in material
safety data sheets, should be heeded when using finger-
print powder. Although commercial suppliers of latent print
powder have discontinued using known hazardous ingre-
dients such as lead, mercury, and cadmium, it is strongly
recommended that the practitioner wear a dust mask or
work on a downdraft table as minimum precautions while
using any powder.

Powders are typically applied to nonporous surfaces with
a soft brush. Powdering is not recommended for porous or
highly absorbent surfaces such as uncoated paper or raw
wood because other chemical treatments outperform pow-
der on these surfaces. The softness of the bristles is par
ticularly important to prevent damage to fragile latent print
residue. Latent prints with a high moisture or oil content
are easily damaged by a brush that is too stiff or is used
with excessive force. Conventional brushes are typically
made with animal hair, fiberglass filaments, or sometimes
feathers. Although fingerprint brushes are largely taken for
granted these days, a study of brushes has been carried
out (Bandey, 2004).

Powders applied with a traditional filament brush consist
of very fine particles and are usually low density or “fluffy”
in nature. This enables particles to be easily picked up or
“loaded” onto the brush filaments. The low density of this
powder also allows it to easily become airborne during the
dusting process, making a dust mask or respirator neces-
sary at the crime scene.

It is important to keep brushes clean, dry, and relatively
free of tangles. To apply fingerprint powder with a con-
ventional brush, the filament tips are lightly dipped into a
sterile, wide-mouth container holding a small amount of
powder. This is called “loading” the brush. Excess powder
is then shaken, spun, or tapped from the brush. The pow-
der is then applied evenly to all areas of the substrate.

An area of the surface (or a substrate similar in nature)
should be tested before fully processing the item. This is
done to establish the optimum amount of powder to be
used on that substrate and to avoid background painting.
Brushing is accomplished with light and even strokes that
resemble painting. It is important always to begin by lightly
powdering and slowly building to heavier applications to
minimize fingerprint damage.



When latent prints appear, they can be lightly brushed by
adding powder and subsequently brushing excess pow-
der away. This is done in the direction of the ridge flow to
prevent damage to the impression.

Another type of powder, called magnetic or magna powder,
allows for application with a magnetized rod that has no
bristles. This type of powder can be light, dark, or fluo-
rescent and utilizes the ferromagnetic properties of iron
powder mixed with pigment powders. The magnetized ap-
plicator (magna brush) is dipped into the powder, picking up
a ball of the iron and particle mixture, essentially forming
its own brush (Figure 7-1). This ball serves as an effective
carrier for pigment particles and is passed back and forth
over the substrate to develop latent impressions.

It is important to note that the magnetic powder ball
formed with a magna brush is much softer than conven-
tional filament brushes and typically causes less damage
to fragile latent prints (MacDonell, 1961, pp 7-15). Mag-
netic powders are usually less effective on ferromagnetic
substrates such as steel or nickel and are therefore not rec-
ommended on those substrates. The magnetic attraction
may cause contact between the applicator and substrate,
damaging latent prints in the process. In addition, magne-
tized particles from the powder will cling to the substrate
and resist removal.

There are two ways to record or preserve a powdered
impression. The most common and simplest method is
lifting. To lift a print, good-quality transparent tape is placed
onto the surface bearing a powdered impression. Common
tape size for fingerprint lifting is 1.5-2 in. wide. While it is
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being applied, the tape is rubbed to remove air bubbles and
to ensure good adhesion to the latent prints. It is then
removed and placed on a backing card that contrasts with
the color of the powder. Probably the most common lift is
of black fingerprint powder placed on a white backing card.
Other adhesive lifting media are hinge lifters, where the
adhesive square is attached to the backing card by a hinge;
opaque adhesive gel lifters, typically black or white; and
silicon-type materials that are spread onto the surface

and allowed to harden to a flexible rubbery medium

before lifting. Care must be taken during the comparison
process to note which lifting techniques cause the print to
appear reversed.

If the impression will be photographed in situ, the impor-
tance of powder color increases. Documenting powdered
impressions this way requires combining proper selec-
tion of powder and photographic lighting that will produce
ample contrast against the substrate.

Another type of powder that produces excellent results
on a wide variety of surfaces is fluorescent powder. Fluo-
rescent powder relies on the principle of luminescence

to provide contrast between fingerprint and background.
Fluorescent powders are typically created by adding a
laser dye in solution to a binder and allowing the mixture
to evaporate (Menzel, 1999, pp 62-65). The resulting dried
mass is then ground into latent print powder.

Fluorescent powdering is highly sensitive when used with
a good forensic light source and the appropriate barrier
filters. In theory, luminescent fingerprint powder should be
more sensitive than conventional methods (Menzel, 1999,

FIGURE 7-1

Magnetic applicator.
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pp 4-7). It is important to test tape and lift cards used
with fluorescent powders for any inherent fluorescence
because fluorescence caused by lifting media will interfere
with the quality of the impression.

Another use of fingerprint powder, or the components

of fingerprint powder, is in a suspension, for use on wet
surfaces or on adhesive tapes. Conventional small-particle
reagent, for developing fingerprints on wet, nonporous
surfaces, uses molybdenum disulphide in suspension, but
other reagents have been developed (Frank and Almog,
1993, pp 240-244). A similar suspension, Sticky-side
powder (Burns, 1994, pp 133-138), used to develop prints
on the adhesive side of tape, has also been reformulated
using fingerprint powder (Bratton et al., 1996, p 28; \Wade,
2002, pp 551-559).

Finally, a word of caution may be in order. Although using
fingerprint powder is quick and inexpensive, concerns have
been raised recently concerning the possibility of contami-
nation due to the transfer of DNA through the use of fin-
gerprint brushes (van Oorschot et al., 2005, pp 1417-1422).
Crime scene examiners are being warned to be aware of
this possibility.

1.4 Ninhydrin and Analogues

Ninhydrin was first described in 1910 when Siegfried
Ruhemann mistakenly prepared the compound (Ruhe-
mann, 1910a, pp 1438-1449). Ruhemann observed that
the new compound reacted with skin and amino acids

to produce a purple product (Ruhemann, 1910b, pp
2025-2031), and he published a series of papers detailing
this and other reactions (Ruhemann, 1911a, pp 792-800;
1911b, pp 1306-1310; 1911c, pp 1486-1492). He proposed
a structure for the deeply colored product (Ruhemann,
1911c, pp 1486-1492), today known as Ruhemann’s purple,
and commented on the possible application of the reac-
tion to the detection of trace amounts of amino acids and
protein products in biological samples (Ruhemann, 1911a,
pp 792-800).

Following Ruhemann’s discovery, ninhydrin found wide-
spread use in analytical chemistry and biochemistry
applications. As early as 1913, the reaction with amino
acids was an important diagnostic test for the presence
of protein and amine compounds in biological samples

(Crown, 1969, pp 258-264; Friedman and Williams, 1974,
pp 267-280). With the advent of chromatography, the reac-
tion became even more useful for the location of amino
acids on paper chromatograms or in fractions produced by
liquid chromatography (Crown, 1969, pp 258-264; Smith
and Agiza, 1951, pp 623-627).

Ruhemann’s purple and other by-products of the ninhydrin
and amino-acid reaction were also used to quantitatively
measure amino acid content of samples (Yemm et al.,
1955, 209-214; Smith and Agiza, 1951, pp 623-627). The
reagent was so powerful and versatile that some authors
suggested it was the most widely used reaction in analyti-
cal laboratories (Friedman and Williams, 1974, pp 267-280).

This use of ninhydrin was frequently accompanied by warn-
ings to avoid contact between bare skin and any surfaces
to come into contact with the reagent (Crown, 1969, pp
258-264). This was due to the strong reaction between
ninhydrin and sweat, which would cause the appearance
of fingerprints on chromatograms (Crown, 1969, pp 258-
264; Odén and von Hofsten, 1954, pp 449-450). Despite
these warnings, which clearly indicated the ability of ninhy-
drin to develop fingerprints, the reagent was not applied

in a forensic context until 1954 (Odén and von Hofsten,
1954, pp 449-450).

Following this initial report, ninhydrin rapidly became an in-
dispensable tool in the detection of latent fingerprints, with
widespread use among jurisdictions being documented as
early as 1959 (Speaks, 1964, pp 11-13, 23). The technique
is now amongst the most popular methods for fingerprint
detection on paper and other porous substrates (Champod
et al., 2004, pp 114-136). This method has limitations, how-
ever, and chemists have addressed these limitations by the
synthesis of analogues—compounds structurally related to
ninhydrin that exhibit similar reactions with amino acids—
to improve the clarity of the developed fingerprint (Almog,
2001, pp 177-209). Several of these analogues were highly
successful (e.g., 1,8-diazafluoren-9-one [DFO], 1,2-indane-
dione, and 5-methylthioninhydrin), although none have
been able to completely replace ninhydrin as the most
frequently used technique (Almog, 2001, pp 177-209).

74.2.1 Fingerprint Detection by Amino Acid Reagents.
Some fingerprints are created by the deposition of sweat
from the fingers when they come into contact with a sur
face. This sweat consists mainly of agueous components,
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which comprise 98% of the volume of a fingerprint (Pounds
and Jones, 1983, pp 180-183). These aqueous deposits
contain a small, but detectable, amount of amino acids,
averaging about 250 ng per fingerprint (Hansen and Joullié,
2005, pp 408-417). After the water evaporates from the
surface, the amino acids remain as solid material (Knowles,
1978, pp 713-720).

For porous surfaces such as paper, amino acids are desir
able targets for fingerprint development reagents (Almog,
2001, pp 177-209). Although uncontrollable variables (such
as the total amount of sweat deposited by the finger, the
amino acid concentration of the individual's excretions, and
the age of the fingerprint) influence the amount of amino
acids transferred to the paper (Everse and Menzel, 1986,
pp 446-454), amino acids are always present in perspira-
tion in some amount (Speaks, 1970, pp 14-17). On contact
with paper, these amino acids impregnate the surface of
the paper, where they are retained by their high affinity for
cellulose (Champod et al., 2004, p 114; Almog, 2001, pp
177-209; Hansen and Joullié, 2005, pp 408-417).

Because of this affinity, amino acids do not migrate
significantly from their initial deposition sites; however, the
amount of amino acids retained in the fingerprint decreases
gradually over time (Knowles, 1978, pp 713-720). Further
more, amino acids react with a wide variety of chemicals to
produce colored compounds (Hansen and Joullié, 2005,

pp 408-417). These qualities have been exploited to
produce clear, sharp images of fingerprints that were up

to 40 years old (Champod et al., 2004, p 114).

At least 14 amino acids may be present in fingerprint
residues (Knowles, 1978, pp 713-720; Hier et al., 1946,

pp 327-333). To produce the best-developed fingerprint,
the ideal reagent must be nonspecific to a particular amino
acid (i.e., reacts well with all).

Ninhydrin is one of many chemicals that acts as a nonspe-
cific amino acid reagent and is, therefore, highly suitable
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FIGURE 7-2

for fingerprint development (Champod et al., 2004, p 114;
Almog, 2001, pp 177-209).

74.2.2 Properties of Ninhydrin. Ninhydrin is a crystalline
solid that is colorless to pale yellow in color and is highly
soluble in polar solvents such as water and methanol
(McCaldin, 1960, pp 39-51). When heated, the solid be-
comes pink to red in color at approximately 125 °C (Almog,
2001, pp 177-209), melts at 130-140 °C, and decomposes
at 241 °C. The compound is found as the stable hydrate in
the presence of any water but will assume a triketone struc-
ture in anhydrous conditions (Hansen and Joullié, 2005,

pp 408-417). This equilibrium is illustrated in Figure 7-2.

74.2.3 Reaction of Ninhydrin with Amino Acids. The first
observation of ninhydrin’s reaction with skin to form a deep
purple compound was reported in 1910 (Ruhemann, 19103,
pp 1438-1449). Subsequent studies indicated that the
purple color resulted from the reaction between ninhydrin
and amino acids and described the product of this reaction
as diketohydrindylidene-diketohydrindamine (Ruhemann,
1910b, pp 2025-2031; 1911a, pp 792-800; 1911¢c, pp
1486-1492), which is now known as Ruhemann'’s purple.
By-products of this reaction include an aldehyde derivative
of the amino acid and carbon dioxide (Friedman and Wil-
liams, 1974, pp 267-280; Yemm et al., 1955, pp 209-214).

Multiple attempts have been made to determine the mech-
anism of this reaction (Friedman and Williams, 1974, pp
267-280; Hansen and Joulli¢, 2005, pp 408-417; McCaldin,
1960, pp 39-51; Retinger, 1917 pp 1059-1066; Bottom et
al., 1978, pp 4-5; Grigg et al., 1986, pp 421-422; Grigg et
al., 1989, pp 3849-3862; Joullié et al., 1991, pp 8791-8830;
Schertz et al., 2001, pp 7596-7603). The mechanism that

is most accepted today is the one proposed by Grigg et al.
(1989, pp 3849-3862) and illustrated briefly in Figure 7-3.
Acid and water are other reagents required for this reaction
to occur.
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Structural studies of the reaction product have confirmed
that Ruhemann'’s original product structure was correct and
that the reaction with amino acids produces the ammo-
nium salt of Ruhemann’s purple (Ruhemann, 1911c,

pp 1486-1492; Grigg et al., 1986, pp 421-422; 1989,

pp 3849-3862).

This reaction is complex and requires a finely tuned set of
conditions in order to progress at a reasonable rate. The
pH of the reaction must be above 4 (Friedman and Wil-
liams, 1974, pp 267-280; Bottom et al., 1978, pp 4-5) and
ideally should be between 4.5 and 5.2 (Grigg et al., 1989,
pp 3849-3862). Development in a high-humidity environ-
ment is of utmost importance (Champod et al., 2004, pp
116-117; Almog, 2001, pp 177-209) because water is a
necessary reactant. Finally, because Ruhemann’s purple is
known to degrade in the presence of light and oxygen, the
treated fingerprint should be stored in a dark, cool place
(Friedman and Williams, 1974, pp 267-280; Joullié et al.,
1991, pp 8791-8830). Ninhydrin-treated fingerprints are
colored purple and exhibit excellent contrast and clarity

of detail (Champod et al., 2004, p 117; Almog, 2001,

pp 177-209).

FIGURE 7-3

74.2.4 Optical Enhancement of Ninhydrin-Developed
Fingerprints. Ninhydrin treatment provides excellent
contrast under ideal conditions (e.g., fresh fingerprints

on white paper). On colored paper or with aged finger
prints, however, the results can often be less than optimal
(Crown, 1969, pp 258-264; Everse and Menzel, 1986,

pp 446-454; Speaks, 1970, pp 14-17; Grigg et al., 1989,
pp 3849-3862; German, 1981, pp 3-4; Herod and Menzel,
1982a, pp 200-204; Lennard et al., 1986, pp 323-328).

Several methods have been developed to increase the con-
trast between ninhydrin-developed fingerprints and a col-
ored substrate or to enhance weakly developed fingerprints.
The UV-to-visible light spectrum of Ruhemann'’s purple
shows two absorption maxima—wavelengths of light that
are strongly absorbed by the compound. These maxima,

at A =407 nm and A = 582 nm (Lennard et al., 1986, pp
323-328), can be used to increase the contrast between
the developed fingerprint and a nonabsorbing background.
When lasers became available to the forensic community in
the late 1970s to early 1980s, a treatment with zinc chloride
was described for enhancing weak ninhydrin prints by using
the light of an argon ion laser (German, 1981, pp 3-4; Herod
and Menzel, 1982a, pp 200-204). This method was capable
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of drastically increasing the number of identifiable latent
fingerprints developed by the ninhydrin process. With the
current ubiquity of forensic light sources, both absorption
bands of Ruhemann'’s purple can be exploited to produce
high-contrast fingerprints (Champod et al., 2004, p 117).

74.2.5 Post-Treatment with Metal Salts. The reaction
between Ruhemann’s purple and metal salts such as zinc,
cadmium, cobalt, and copper was used in a biochemical
context to preserve ninhydrin spots on chromatograms
(Kawerau and Wieland, 1951, pp 77-78). Formation of a
metal-salt complex alters the color of Ruhemann'’s purple
from deep violet to red or orange, depending upon the salt
used (Stoilovic et al., 1986, pp 432-445). The lighter hue
may provide a greater contrast against a dark-colored back-
ground, especially when observed at 490-510 nm, where
the metal-Ruhemann’s purple complex has an absorption
maximum (Stoilovic et al., 1986, pp 432-445).

It has been reported that viewing zinc-complexed ninhydrin-
treated fingerprints under an argon ion laser could induce
fluorescence of even weakly developed prints (Herod and
Menzel, 1982b, pp 513-518). This discovery had a profound
impact on fingerprint development because fluorescent
reagents are more sensitive than chromogenic ones and
can be viewed more clearly against colored backgrounds
(Champod et al., 2004, p 120). Subsequent studies revealed
that intense laser light was not necessary if the zinc-treated
samples were cooled to the temperature of liquid nitrogen
(-196 °C or 77 K); the fluorescence could be observed under
a xenon arc lamp. This technique required submersion of
the document in liquid nitrogen, a glass plate being placed
between the sample and the light source and camera, and a
heat source to prevent condensation on the glass (Kobus et
al., 1983, pp 161-170). Later research showed that cadmium
complexes provided an improved luminescence under these
conditions (Stoilovic et al., 1986, pp 432-445).
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FIGURE 7-4

Structural studies of the Ruhemann'’s purple-metal salt
complexes have identified the structure in Figure 7-4
(Lennard et al., 1987 pp 597-605; Davies et al., 1995a, pp
565-569; 1995b, pp 1802-1805).

74.3.1 Ninhydrin Formulations. Several ninhydrin formu-
lations have been reported in the literature (Crown, 1969,
pp 258-264; Odén and van Hofsten, 1954, pp 449-450;
Speaks, 1964, pp 11-13, 23; Champod et al., 2004, pp
117-120; Almog, 2001, pp 177-209; Everse and Menzel,
1986, pp 446-454; Clay, 1981, pp 12-13). Ninhydrin solu-
tions are typically prepared in two steps: first, a stock solu-
tion is prepared that has a high proportion of polar solvent
to facilitate the stability of the mixture; second, a portion
of the stock solution is diluted with a nonpolar carrier
solvent to produce a reagent suitable for application to
evidential items.

Application of ninhydrin working solutions can be per
formed by dipping, spraying, or brushing (Odén and van
Hofsten, 1954, pp 449-450; Speaks, 1964, pp 11-13, 23),
with the dipping method preferred in most instances. The
item to be examined is briefly submerged in the working
solution and allowed to air-dry to evaporate the solvent
(Champod et al., 2004, pp 116-117).

Following treatment with ninhydrin solution, development
should ideally proceed at room temperature, in a dark and
humid environment (560-80% humidity), for a period of 1-2
days (Champod et al., 2004, pp 116-117). If ambient humid-
ity is low, development in a specialized, humidity-controlled
fingerprint development chamber may be necessary (Almog,
2001, pp 177-209). The development may be accelerated
by the application of steam or heat, but this may result in a
greater degree of background development, reducing the
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clarity and contrast of the resulting fingerprints (Almog,
2001, pp 177-209). Steaming can be achieved by holding
a steam iron above the exhibit; heat can be delivered in a
press, oven, fingerprint development cabinet, or by a mi-
crowave oven and should not exceed 80 °C (Almog, 2001,
pp 177-209).

Ninhydrin crystals may be ground in a mortar and pestle to
form a fine powder and applied directly to the fingerprints
with a fingerprint brush (Almog, 2001, pp 177-209). This
method is slow and produces only faint prints but may

be suitable for some types of heat- or solvent-sensitive
paper (Wakefield and Armitage, 2005). Ninhydrin may also
be applied by a fuming method; a forensic fuming cabinet
is used to heat the ninhydrin until it sublimes, allowing
gaseous ninhydrin to deposit on the fingerprint residues
(Schwarz and Frerichs, 2002, pp 1274-1277). The reagent is
most suited to paper, although any porous substrate may
give visible results, and some nonporous substrates have
been reported to produce visible fingerprints (Herod and
Menzel, 1982a, pp 200-204; Speaks, 1966, pp 3-5).

7.4.3.2 Metal Salt Post-Treatment. The application of zinc
or cadmium salts to ninhydrin-developed fingerprints will
result in an immediate color change from purple to orange
or red, respectively (Lennard et al., 1987 pp 597-605).
Note that the use of zinc is preferred to cadmium because
of cadmium'’s toxicity. Dipping the exhibit into the solution
is preferred over spraying because of the toxicity of some
of the reagents. If humidity is low, a short blast of steam
may be required to produce development. However, the
humidity must be carefully controlled if zinc salts are used
because high moisture levels cause the formation of an
unstable, nonfluorescent, red complex that will reduce the
contrast of the resulting fingerprint (Stoilovic et al., 1986,
pp 432-445; Davies et al., 1995a, pp 565-569).

Post-treated fingerprints may be further enhanced by view-
ing under 490 nm light (for zinc-treated residues) or 510 nm
light (for cadmium-treated residues) (Champod et al., 2004,
p 120; Stoilovic et al., 1986, pp 432-445). Fluorescence
may be induced by submerging the article in liquid nitro-
gen and exciting the treated fingerprint with the above-
mentioned wavelengths of light. The fluorescent emissions
should be viewed using a 550-570 nm band-pass filter

or a 550 nm long-pass filter (Champod et al., 2004, pp
121-124).

1.5 1,8-Diazafluoren-9-one (DF0)

1,8-Diazafluoren-9-one (DFO) was first prepared in 1950
(Druey and Schmidt, 1950, pp 1080-1087), but its reaction
with amino acids was not explored until 1990, when it was
first applied as a fingerprint development reagent. The pre-
liminary results of this study were promising; DFO treat-
ment resulted in faint red or pink fingerprints that were
intensely fluorescent at room temperature (Pounds et al.,
1990, pp 169-175; Grigg et al., 1990, pp 7215-7218). This
presented clear advantages over the metal complexation-
induced fluorescence of ninhydrin-developed fingerprints,
and DFO was rapidly identified as the best fluorescent
reagent for fingerprint development (Almog, 2001, pp
177-209). The reagent is now widely used in sequence
with ninhydrin to develop fingerprints on porous surfaces
(Wilkinson et al., 2005).

Although DFO is not a direct analogue of ninhydrin (Hansen
and Joullié, 2005, pp 408-417), the structures of the two
compounds, and the outcome of their reactions with amino
acids, are similar (Grigg et al., 1990, pp 7215-7218; Wilkin-
son, 2000a, pp 87-103). Like ninhydrin, DFO contains a
central ketone center activated by the nearby presence

of electron-withdrawing groups. The structure of DFO is
illustrated in Figure 7-5; the nitrogenous rings act similarly
to the flanking ketone groups in ninhydrin (Hansen and
Joulli¢, 2005, pp 408-417).

Mechanistic studies of DFO'’s reaction with amino acids
have shown that the presence of methanol is essential.
This allows the DFO to form a hemiketal (Figure 7-6),
which is less stable than the parent structure and therefore
more reactive, producing a more sensitive response to
amino acid residues in fingerprints (Wilkinson, 2000a, pp
87-103). The red reaction product has been fully character
ized and resembles Ruhemann’s purple (Grigg et al., 1990,
pp 7215-7218; Wilkinson, 2000a, pp 87-103).

The product of this reaction is pink to red in color with A__
of approximately 560 nm and a weaker absorption at 520
nm (Pounds et al., 1990, pp 169-175; Wilkinson, 2000a, pp
87-103). Under excitation by either of these wavelengths,
the product is strongly fluorescent at room tempera-

ture, emitting intense light of 576 nm (Stoilovic, 1993, pp

141-153). An illustration of a DFO-developed fingerprint in
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both white light and under fluorescent conditions appears
in Figure 7-7.

Unlike the ninhydrin reaction, the DFO reaction requires a
high-temperature, low-humidity environment (Pounds et
al., 1990, pp 169-175). Post-treatment with metal salts and
subsequent cooling to liquid nitrogen temperatures does
not significantly affect the intensity of the DFO product’s
fluorescence (Conn et al., 2001, pp 117-123).

DFO is reported to be a more sensitive fingerprint develop-
ment reagent than ninhydrin, producing a greater number
of identifiable latent fingerprints (Wilkinson et al., 2005;
Stoilovic, 1993, pp 141-153; Cantu et al., 1993, pp 44-66).
This sensitivity is due to the fact that a weakly fluorescing
fingerprint is easier to see than a weakly colored finger
print (Almog, 2001, pp 177-209). Despite this observa-
tion, if ninhydrin is applied after DFO treatment, additional
development occurs, producing Ruhemann'’s purple. The
conventional explanation for this phenomenon is that, al-
though DFO-developed fingerprints are more visible when
fluorescing, DFO does not react to completion with every
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FIGURE 7-5

FIGURE 7-6

amino acid in the fingerprint residue, thus leaving some
amino acids available to react with ninhydrin (Wilkinson,
2000a, pp 87-103). The combination of DFO followed by
ninhydrin develops more latent fingerprints than DFO or
ninhydrin alone (Wilkinson et al., 2005), and this is the rec-
ommended sequence of examinations for porous surfaces
such as paper (Champod et al., 2004, pp 128-131; Almog,
2001, 177-209).

Several DFO formulations have been reported in the
literature (Champod et al., 2004, pp 230-231; Almog, 2001,
pp 177-209; Pounds et al., 1990, pp 169-175; Grigg et al.,
1990, pp 7215-7218; Wilkinson et al., 2005; Wilkinson,
2000a, pp 87-103; Stoilovic, 1993, pp 141-153; Didierjean
et al., 1998, pp 163-167). DFO solution can be applied

to specimens by dipping, spraying, or brushing, although
dipping is the preferred method (Champod et al., 2004, pp
128-131). The exhibit is allowed to dry and then heated to
promote development. Several heating methods are suit-
able: heating in a 100 °C oven for 10-20 minutes (Champod
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et al.,, 2004, p 128; Aimog, 2001, pp 177-209; Pounds et
al., 1990, pp 169-175; Didierjean et al., 1998, pp 163-167),
applying a 160 °C iron for 20-30 seconds (Stoilovic, 1993,
pp 141-153), or applying a 180 °C ironing press for 10
seconds (Almog, 2001, pp 177-209; Stoilovic, 1993, pp
141-153). The reaction must be carried out in a dry environ-
ment with low humidity because moisture interferes with
the development reaction (Champod et al., 2004, p 129;
Almog, 2001, pp 177-209; Wilkinson, 2000a, pp 87-103).

After DFO application and heating, developed fingerprints
can be observed using 530 nm excitation light and a 590
nm barrier filter, or 555 nm excitation light and a 610 nm
barrier filter (Almog, 2001, pp 177-209). The exhibit may
then be treated with ninhydrin as previously described.

1.6 1,2-Indanedione

1.6.1 History

The fingerprint-developing capabilities of 1,2-indanedione
were first considered after a related compound, 6-methyl-
thio-1,2-indanedione, was found to produce fluorescent
fingerprints (Hauze et al., 1998, pp 744-747). This prompted
researchers to synthesize the parent compound and sever
al other analogues and to evaluate their utility as fingerprint
reagents (Ramotowski et al., 1997 pp 131-139). The results
were similar to DFO in that a faint, pink-colored product
was produced that fluoresced brightly at room temperature
(Ramotowski et al., 1997 pp 131-139). Further research
indicated that these reagents are more sensitive than
other current methods and, because of the ease of syn-
thesis, can be a cheaper alternative (Cava et al., 1958, pp
2257-2263; Dayan et al., 1998, pp 2752-2754; Joullié and
Petrovskaia, 1998, pp 41-44). In the eight years following

FIGURE 7-7

DFO-developed fingerprint.
Left, under ambient light.
Right, excited by a

forensic light source

and viewed through the
proper viewing filter.

these discoveries, 1,2-indanedione has become a standard
reagent in Israeli laboratories and has been investigated for
use in many other countries (Almog, 2001, pp 177-209).

1.6.2 Theory

1,2-Indanedione is a close analogue of ninhydrin and is
theorized to react with amino acids in a very similar fashion
(Petrovskaia et al., 2001, pp 7666-7675). The structure of
1,2-indanedione has been characterized (Wilkinson, 2000b,
pp 123-132) and is illustrated in Figure 7-8(A).

Mechanistic studies of 1,2-indanedione’s reaction with
amino acids have indicated that the presence of methanol
desensitizes the reagent (Wilkinson, 2000b, pp 123-132).
Like DFO, indanedione forms a hemiketal with methanol;
however, unlike DFO, this hemiketal is more stable than
the parent compound and thus its formation prevents

the reaction with amino acids. Because 1,2-indanedione
is completely converted to the less sensitive hemiketal
(Wilkinson, 2000b, pp 123-132), some suggest that
alcohols should be avoided in any indanedione formula-
tions (Wilkinson et al., 2005; Wiesner et al., 2001, pp
1082-1084). Other studies have not corroborated this lack
of sensitivity in methanolic solution (Roux et al., 2000, pp
761-769). Similar ambiguity exists on the addition of acetic
acid (Lennard et al., 2005, p 43); some authors have found
that a small amount of acetic acid improves the results
(Hauze et al., 1998, pp 744-747; Joullié and Petrovskaia,
1998, pp 41-44), whereas others have experienced blurry,
unclear fingerprints when using acidified solutions (Almog,
2001, pp 177-209; Wiesner et al., 2001, pp 1082-1084;
Kasper et al., 2002). These discrepancies have been linked
to the acid content of the paper produced in the authors’
various countries (Wilkinson et al., 2005).




Production of the compound shown in Figure 7-8(B) during
the reaction between amino acids and 1,2-indanedione has
been confirmed. However, this compound does not fully
explain the coloration of the developed print or its fluores-
cence. The possibility of a Ruhemann'’s purple analogue has
not been ruled out (Petrovskaia et al., 2001, pp 7666-7675);
such a compound is illustrated in Figure 7-8(C). Further
studies are currently under way to elucidate the structure
of the fluorescent species, which is expected to be poly-
meric (Wallace-Kunkel et al., 2005).

Whether or not metal salt post-treatment enhances the
fluorescence of the developed fingerprint is another point
of contention amongst authors. The varied results with
each step of the indanedione development process indi-
cate the influence that environmental conditions have upon
the technique, and each research group should establish an
optimal formula for use in its laboratory (Wilkinson et al.,
2005; Lennard et al., 2005, p 43).

Because of regional variations in humidity, acid content of
paper, and other environmental factors, a single 1,2-indane-
dione formulation cannot be recommended. Application of
the 1,2-indanedione reagent can be carried out by immer
sion of the exhibit or by spraying of the reagent. Develop-
ment can occur at room temperature but may require 4-5
days (Roux et al., 2000, pp 761-769). In light of the estab-
lished fact that heat treatment does not cause excessive
background development, it is recommended that steam
heat be applied to the treated fingerprints to expedite de-
velopment (Almog, 2001, pp 177-209; Ramotowski et al.,
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1997 pp 131-139; Joullié and Petrovskaia, 1998, pp 41-44;
Roux et al., 2000, pp 761-769). This heat can be applied in
a humidity oven (100 °C at 60% relative humidity) (Wiesner
et al.,, 2001, pp 1082-1084; Roux et al., 2000, pp 761-769;
Almog et al., 1999, pp 114-118), by steam iron (Ramotow-
ski et al., 1997 pp 131-139; Joullié and Petrovskaia, 1998,
pp 41-44), or by a heat press (100 °C for 2-5 minutes
[Kasper et al., 2002] or 165 °C for 10 seconds [Lennard et
al., 2005, p 43]).

Fluorescence can be observed under 520 nm illumination
and viewed through a 590 nm filter (Joullié and Petrovskaia,
1998, pp 41-44). Zinc salt post-treatment can be applied

to enhance the color of the developed fingerprint (Roux et
al., 2000, pp 761-769) and may increase the fluorescent
intensity (Almog, 2001, pp 177-209; Hauze et al., 1998, pp
744-747; Ramotowski et al., 1997 pp 131-139; Lennard et
al., 2005, p 43; Almog et al., 1999, pp 114-118).

1,2-Indanedione develops more fingerprints than DFO, nin-
hydrin, or the DFO-ninhydrin sequence combined (Wiesner
et al., 2001, pp 1082-1084; Lennard et al., 2005, p 43).

The indanedione-DFO sequence is capable of visualizing
even more latent fingerprints than 1,2-indanedione alone
(Roux et al., 2000, pp 761-769), and indanedione can also
enhance ninhydrin-developed fingerprints (Kasper et al.,
2002). However, ninhydrin treatment of indanedione-devel-
oped prints does not afford further enhancement (Wiesner
et al., 2001, pp 1082-1084).

Finally, on a somewhat negative note, Wilkinson et al. had
very poor results with indanedione for a study carried out
across Canada (Wilkinson et al., 2003, pp 8-18).

FIGURE 7-8
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7.7 5-Methylthioninhydrin (5-MTN)

B5-Methylthioninhydrin (5-MTN) was first prepared and
applied as a fingerprint reagent in 1990 as part of a U.S.
Secret Service project (Cantu et al., 1993, pp 44-46). This
analogue reacts with amino acids in a manner identical to
ninhydrin because the reactive, chromogenic core of the
molecule is not changed by the addition of the sulfur group
(Figure 7-9) (Elber et al., 2000, pp 757-760). As a result,
5-MTN-developed fingerprints are a shade of purple similar
to ninhydrin-developed fingerprints.

Development of 5-MTN-treated fingerprints requires heat
and humidity, much the same as ninhydrin development.
This can be delivered in the same manner described previ-
ously for ninhydrin or by microwaving the treated exhibit for
2-3 minutes alongside a container of water (Almog et al.,
1992, pp 688-694). Care must be taken to avoid overheat-
ing the sample because significant background develop-
ment may occur. The resulting fingerprint should appear
deep purple in color, similar to a ninhydrin-developed
fingerprint.

On treatment with a zinc salt, the 5-MTN-developed
fingerprint changes color from purple to pink (Almog et al.,
1992, pp 688-694). Accompanying this change is a strong
fluorescence at room temperature when excited by light at
520 nm and viewed through a 590 nm filter (Cantu et al.,
1993, pp 44-66; Almog et al., 1992, pp 688-694), with an
intensity that is comparable to that of DFO. This is an obvi-
ous advantage over the continued use of ninhydrin (Cantu
et al., 1993, pp 44-66). A recent study confirmed that

FIGURE 7-9
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5-MTN could outperform ninhydrin but produced poorer
fluorescent results than DFO or 1,2-indanedione (Wallace-
Kunkel et al., 2006, pp 4-13). The fluorescence becomes
even more intense if the exhibit is cooled to liquid nitrogen
temperatures, but this step is not necessary (Almog et al.,
1992, pp 688-694).

5-MTN can be synthesized in small-scale operations in the
forensic laboratory following methods reported in the litera-
ture (Heffner and Joullié¢, 1991, pp 2231-2256; Della et al.,
1999, pp 2119-2123). Alternatively, it can be sourced from
commercial forensic suppliers. However, some suppliers
provide the ethanolic hemiketal of 5-MTN, which dissolves
more readily but may require some alteration of the given
formulation (Section 7.14) to ensure the appropriate con-
centration of 5-MTN in the solution (BVDA, 2010).

1.8 Modifications for Use on
Chemically Treated Papers

Chemically treated paper is a class that encompasses
thermal paper and carbonless specialty papers (Stimac,
2003a, pp 185-197). These papers cannot be treated

with the conventional amino acid reagent formulations
described previously because the polar solvents react un-
favorably with the chemical treatments applied to the paper
during manufacture. This undesired interaction frequently
causes the surface of the paper to blacken, obliterating

the documentary evidence the paper contained (Stimac,
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2003a, pp 185-197). To address this limitation, several
solvent-free or low-polarity formulations have been devised
for the treatment of these difficult substrates.

DFO may be applied to chemically treated paper by a
process known as “DFO-Dry” (Bratton and Juhala, 1995,
pp 169-172). This technique does not require the applica-
tion of a solvent to the exhibit under examination. Instead,
filter paper is impregnated with a solution of 1 g DFO in
200 mL methanol, 200 mL ethyl acetate, and 40 mL acetic
acid. The dried filter paper is applied to the exhibit, a towel
is placed on top, and a steam iron filled with 5% acetic
acid solution is applied for one minute. This transfers DFO
onto the exhibit and provides the heat for development.
This technique results in a less prominent color change but
equal fluorescence to solvent-based methods (Bratton and
Juhala, 1995, pp 169-172).

7.8.3.1 “Nin-Dry’’ This method was described in 1996
(McMahon, 1996, pp 4-5) and is similar to the previously
described “DFO-Dry” process. Blotter or filter paper is
soaked in a solution of 30-50 g ninhydrin dissolved in 1.5 L
acetone and allowed to dry. An exhibit is placed between
two sheets of the impregnated paper and then sealed into
a plastic bag for 3 days to 1 week. This technique develops
high-contrast fingerprints while preserving the integrity and
appearance of the document and is applicable to any fragile
paper types, including chemically treated papers.

7.8.3.2 Ninhydrin Fuming. The method proposed by
Schwarz and Frerichs (2002, pp 1274-1277), and described
above, can be applied to chemically treated papers with no
loss of document detail.

7.8.3.3 Nonpolar Solution. A ninhydrin solution can be
prepared in a mixture of the nonpolar solvents HFE 711PA
and HFE 7100. The exhibit is immersed in the working
solution and allowed to develop in dark, humid conditions
for 2-3 days, avoiding high temperatures (Stimac, 20033,
pp 185-197).

Indanedione is sufficiently soluble in nonpolar solvents
that it can be effectively applied to thermal paper without
causing any blackening (Stimac, 2003b, pp 265-271). The
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exhibit is immersed in the prepared solution and allowed to
develop for at least 1 day in dark, cool conditions. Fluores-
cence is induced as described previously.

2-Isononylninhydrin, also known as INON, or commercially
as ThermaNin, is a derivative of ninhydrin with greatly in-
creased solubility in nonpolar solvents (Takatsu et al., 1991;
Joullié, 2000). This compound, which is a product of the
reaction between 3,5,5-trimethyl-1-hexanol and ninhydrin
(Almog, 2001, pp 177-209; Hansen and Joullié¢, 2005, pp
408-417; Takatsu et al., 1992), has the chemical structure
shown in Figure 7-10.

Solutions of this reagent do not have a long shelf life, so work-
ing solutions should be prepared as needed (BVDA, 2010).

The 2-isononylninhydrin solution is applied to the chemi-
cally treated paper by immersing the exhibit in the solution
in an aluminum or plastic tray. The exhibit is allowed to dry
and develop in dark, humid conditions for 24-48 hours.
Under these conditions, the ninhydrin hemiketal reacts
with water absorbed by the paper to form ninhydrin and
3,5,5-trimethyl-1-hexanol. The freed ninhydrin reacts slowly
with the residues in the fingerprint to develop a fingerprint
that is somewhat less intensely colored than a traditionally
ninhydrin-developed print. This may be due to the relatively
lower concentration of ninhydrin present after the hydroly-
sis reaction occurs (Al Mandhri and Khanmy-Vital, 2005).

1.9 Cyanoacrylate Fuming

The liquid commercial adhesive, super glue, was inadver
tently developed in the 1950s by researchers who were
trying to develop an acrylic polymer for the aircraft industry.
Besides its use as a glue, CA adhesive also found use as

a field dressing in Vietnam in the 1960s, although it never
received FDA approval for this use. In the late 1970s, re-
searchers in Japan and the United Kingdom almost simulta-
neously discovered the latent fingerprint development
capabilities of the fumes of the liquid adhesive. Shortly
thereafter, latent print examiners from the U.S. Army
Criminal Investigation Laboratory in Japan and the Bureau
of Alcohol, Tobacco, and Firearms introduced this technique
to North America. Once CA fuming proved practical, with
the introduction of methods to make the technique faster
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FIGURE 7-10

FIGURE 7-11

and more effective, it quickly gained acceptance worldwide
(German, 2005; Jueneman, 1982, p 15).

Since those early discoveries, innumerable crimes have
been solved through the routine use of CA ester (usually
methyl or ethyl) fuming of evidence, and a substantial
amount of research has been aimed at identifying the ideal
environment for the technique.

Today, CA fuming continues to be a versatile and effective
development technique on virtually all nonporous surfaces,
including glass, metal, coated papers, and all forms of
plastics. The method is particularly effective on rough
surfaces where physical contact with a fingerprint brush
tends to develop the texture of the material along with the
latent fingerprints. CA vapors are extremely sensitive to
fingerprint residue, adaptable to many different crime
scene and laboratory situations, and are relatively inexpen-
sive to employ.

Studies into the explicit polymerization initiators and

the role of water in the development of latent prints are
ongoing. These studies should eventually lead to a better
understanding of latent print polymerization as it relates to
latent print composition, pH, aging, and humidity.

Super glue or CA development of latent prints is best
explained as a three-stage process to produce polymer
growth, thus enabling latent print visualization.
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The first stage occurs when fumes of CA ester mono-
mers (see diagram of ethyl CA monomer in Figure 7-11)
are introduced to latent fingerprints and quickly bond with
initiators in the residue. In the second stage, the monomer
on the fingerprint residue reacts with another CA monomer
in the vapor phase to form a dimer on the print. This reacts
with yet another monomer, and another, eventually forming
a polymer, a long chain of CA molecules. The final phase is
when the polymer chain reaction is terminated. The overall
development time is fast, especially when volatilization

of the liquid glue is accelerated (Lewis et al., 2001, pp
241-246). The polymerization process may, however, be
restarted later if fingerprints prove to be underdeveloped
with the first exposure to fumes.

Fully developed CA prints are a white three-dimensional
matrix, often visible to the unaided eye, and can be further
enhanced with a variety of techniques. CA-developed
impressions are generally more durable than untreated fin-
gerprints because of the plasticization of the print. Because
of this, some authorities recommend CA treatment in the
field before evidence packaging to protect otherwise fragile
fingerprints during transportation and storage (Perkins and
Thomas, 1991, pp 157-162).

For normal eccrine sweat fingerprints, CA polymerized
under ambient laboratory environmental conditions ap-
pears as noodlelike, fibrous structures when viewed with a
scanning electron microscope (SEM) (Figure 7-12). These
polymer morphologies change, however, when variables
such as the age of the latent print, the residue composi-
tion, and environmental conditions are altered.
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FIGURE 7-12

Scanning electron microscopy of
cyanoacrylate polymerized eccrine
residue. (Reprinted, with permission
from the Journal of Forensic Sciences,
46 (2), copyright ASTM International, 100
Barr Harbor Drive, West Conshohocken,
PA 19428.)

OILY PRINT FUMED 3.

Lewis et al. (2001, pp 241-246) observed differences
between clean and oily latent print residues and the effects
of aging on each. Latent prints lacking sebum (clean prints)
tended to suffer from the effects of aging to a far greater
extent than prints containing sebum (oily prints, Figure
7-13). After 1 day of aging, clean prints showed a trend
away from the previously mentioned fibrous morphology
toward polymer structures that appeared rounded under
SEM. Clean prints also became difficult, if not impos-
sible, to develop after a period of only 2 weeks, whereas
prints contaminated with sebum produced distinguishable
polymer growth for periods of up to 6 months. Lewis et

al. (2001, pp 241-246) also observed that a low-humidity
environment during latent print aging had a noticeable and
adverse impact on development with CA, whereas prints
aged under high humidity lasted longer and produced
higher quality polymerization.

Interestingly, latent prints developed in a vacuum chamber
also produce smooth spherical or capsule-type formations

FIGURE 7-13

Scanning electron microscopy of
cyanoacrylate polymerized oily residue.
(Reprinted with permission from the
Journal of Forensic Sciences, 46 (2),
copyright ASTM International, 100 Barr
Harbor Drive, West Conshohocken, PA
19428.)

observed with SEM and tend to be more translucent to
the unaided eye (Watkin et al., 1994, pp 545-554). This
may be due in part to exposing the print to the near zero-
humidity environment of the vacuum, presumably remov-
ing moisture from the fingerprints. The role of humidity in
CA development of latent prints is not understood at this
time. During the mid-1990s, Kent empirically observed
that humid environments outperformed vacuum environ-
ments in the CA development of latent prints (Kent and
Winfield, 1995; Kent, 2005, pp 681-683), whereas Lewis
et al. (2001, pp 241-246) observed that humidity during the
latent print aging process had a greater effect than during
polymerization. Clearly, the role of humidity during aging
and polymerization must be examined further.

The actual initiators that cause latent print polymerization
are just recently being understood. Originally, it was be-
lieved that CA primarily reacted with the water in finger
print residue (Jueneman, 1982, p 15). However, current
research indicates that watersoluble amines and carboxylic
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groups in latent print residue are the primary initiators of
CA polymerization. These two groups each produce signifi-
cantly higher molecular weights of polymer growth than
water alone. Furthermore, amines and carboxylic acid will
polymerize in the absence of any water, leaving the role of
water during the aging and development process unclear
(Wargacki et al., 2005).

The pH of the humidity to which the latent prints are
exposed prior to CA treatment may also play an important
role by rejuvenating latent prints prior to the polymeriza-
tion process. Latent prints that are exposed to acetic acid
vapors and then CA fumed have shown higher molecu-

lar weights than those not exposed. Conversely, basic
humidity produced with ammonia vapors also appears to
enhance CA development. Present research makes it clear
that acidic and basic humidity environments will both indi-
vidually enhance latent print polymer growth, with acidic
enhancement proving more effective. Although the actual
mechanism is not fully understood, it is currently thought
that exposure to ammonia vapors primarily enhances the
functionality of the amine groups, whereas acetic acid
vapors favorably influence the more robust carboxylic initia-
tors (Wargacki et al., 2005).

It is important to mention that liquid CA and its fumes

can cause acute damage to skin, eyes, and mucous
membranes, and the long-term effects of exposure are
not fully known. The user must take care to use appropri-
ate ventilation and personal protective equipment and to
always practice safe handling. All manufacturer’s warnings,
including those given in material safety data sheets, must
be heeded during use.

The ideal result of CA development is polymerization on
the latent print that sufficiently scatters light and does not
coat the background, making the white impression slightly
visible against the substrate. This type of “minimal” devel-
opment produces the greatest amount of detail, especially
when used in conjunction with fluorescent dye stains (Fig-
ure 7-14). Overfuming will leave prints appearing “frosty”
with a lack of edge detail, making them difficult to differen-
tiate from a background also coated with CA polymer.

Sometimes, depending on latent composition and envi-
ronmental conditions, developed impressions will appear
translucent or glassy in nature and will be very difficult to
detect without specific lighting or fluorescent dye staining.
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In fact, most impressions will be aided by some form of
enhancement before recording.

Fuming with CA can be as simple and inexpensive as
vaporizing the glue in a fish tank with a tight-fitting lid or as
elaborate as using a commercially designed chamber with
dynamic temperature and humidity controls. Both systems
are intended to achieve the same result: vaporizing liquid
glue in an environment suitable for polymerization of CA on
latent prints.

A common and effective approach to the volatilization of
CA is to warm a small amount of liquid glue (approximately
0.5 g or less) in an aluminum evaporation dish on a heating
block or coffee cup warmer. An aluminum dish is preferred
because it inhibits polymerization (Olenik, 1983, pp 9-10).
The warm fumes rise but soon fall to the bottom of the
chamber as cooling sets in. Therefore, a circulation fan is
often used during fuming to keep the vapors evenly dis-
persed around the evidence at all levels of the tank. Prints
that are later determined to be underfumed can be fumed
again, in effect restarting the polymerization process.

A second approach to vaporizing CA utilizes a commercially
available fuming wand. These wands typically use butane
fuel to heat a small brass cartridge containing ethyl CA
(Weaver and Clary, 1993, pp 481-492). Fumes from the
heated cartridge on the end of the wand can be directed
toward the evidence or used to fill a chamber. The disad-
vantage of using a fuming wand in an open environment is
that air currents easily sweep the CA vapors away from the
evidence, making development difficult to control. The use
of a fuming wand outside a fume hood also presents some
health and safety challenges that must be considered
(Froude, 1996, pp 19-31).

Vaporization can also be achieved without an external heat
source. Instead, chemical acceleration is produced by the
exothermic reaction that can be achieved by pouring liquid
glue on a pad of high cellulose content pretreated with
sodium hydroxide. Pretreatment simply involves a cotton
ball prepared with a few drops of NaOH solution.

CA fuming without acceleration can be achieved by in-
creasing the total surface area of the liquid glue, thereby
increasing the rate of evaporation. One way to achieve this
is to sandwich a bead of liquid glue between two sheets of
aluminum foil (Olenik, 1989, pp 302-304). The sheets are
then pressed together and an ink roller is used to evenly
disperse the glue into a thin layer across the entire inside
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of the foil surfaces. These sheets are then opened and
placed inside a chamber, exposing the relatively volatile
layers of glue to the air. CA development time using this
method will vary significantly with the size of the chamber.

Fuming in a vacuum chamber has also been suggested as
a method of increasing the volatility of CA (Campbell, 1991,
pp 12-16; Yamashita, 1994, pp 149-158; Harvey et al.,
2000, pp 29-31; Bessman et al., 2005, pp 10-27). The
reduced atmospheric pressure lowers the boiling point of
the liquid glue and may vaporize it more rapidly at room
temperature. The negative pressure also eliminates
humidity in the tank, affecting the overall appearance of the
developed impressions. Prints developed in a vacuum
environment often appear translucent, making them hard
to detect without liquid dye stains (Watkin et al., 1994, pp
545-554). Some researchers have found, however, that
this practice is less effective overall than the use of
controlled humidity environments (Kent and Winfield, 1995;
Kent, 2005, pp 681-683).
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FIGURE 7-14

Although CA development in a laboratory chamber is pre-
ferred, makeshift chambers in the field can also be easily
created. Chambers include cardboard boxes, small frames
with clear plastic sheeting, large tents, vehicle interiors,
and even entire rooms (Weaver, 1993, pp 135-137; Bandey
and Kent, 2003). The most common of these field cham-
bers is probably the automobile interior. One method of
fuming involves placing a hot plate (reaching approximately
60 °C) in the center of the vehicle, with approximately 1
gram of glue in an evaporation dish. The interior is then
sealed off by closing all the doors and windows. The
fumes from the heated glue rapidly fill the vehicle interior,
developing impressions throughout. This process takes
approximately 10-30 minutes, although the length of time
is variable. In some cases, so as not to destroy the entire
vehicle, parts of the vehicle may be removed and fumed
separately (e.g., steering wheel, mirror).

In some instances, CA fuming of a firearm may interfere
with subsequent firearms examinations. The firearms
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examiners may have to be consulted before any CA pro-
cessing (Rosati, 2005, pp 3-6).

Fuming times depend on the size of the chamber, the
quantity of glue, the temperature of the heat source, and
the nature of the substrate and latent print residue. Under
all conditions, fuming should be terminated shortly after
the first signs of the appearance of fingerprints. Some
examiners will place a test strip with fingerprints in the
chamber to watch for the development of prints. This not
only helps to determine when processing should cease but
also acts to ensure that the equipment is functioning prop-
erly. Fuming can be restarted later if impressions appear
underdeveloped.

Once prints have been developed, they can be enhanced
optically with oblique, axial, reflected, and transmitted
lighting techniques; chemically enhanced with fluorescent
dye stains; and physically enhanced with the application of
fingerprint powder, in that order. Fluorescent dye staining
and examination with a laser or forensic light source usu-
ally produces the most dramatic results; however, not all
CA-polymerized prints will accept dye stains.

Dye staining simply requires preparing a commercially
available fluorescent stain in solution and applying it to the
polymerized fingerprints. For a comprehensive reference
of fluorescent dye stain recipes, see the FBI Processing
Guide for Developing Latent Prints (Trozzi et al., 2000) or
the Home Office manual (Kent, 1998, 2004). Once a dye
solution is chosen, it is applied to the nonporous surfaces
treated with CA fumes by dipping or using a wash bottle to
spray it. It is thought that dye-staining polymerized prints
works like a molecular sieve, where the dye molecules
get stuck in the polymer by filling voids in the compound
(Menzel, 1999, p 162). For this reason, it is important to
adequately rinse the surface bearing the fingerprints with
the dye stain. The result is a print that produces intense
fluorescence when viewed with a forensic light source or
laser (Figure 7-14). At this stage, proper photography can
go beyond simply documenting the image to enhance the
visibility of the fluorescing print by recording detail imper-
ceptible to the unaided eye.

Powdering is also a good way to visualize and document
polymerized impressions. Oftentimes, impressions are
durable enough that they may be repeatedly brushed with
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fingerprint powder and lifted with tape until the right con-
trast is achieved in the lift (llisley, 1984, p 15).

CA fuming is a proven and effective method of developing
latent print impressions containing eccrine and sebaceous
residues that has been in use since the late 1970s. The CA
molecules bond to residue via polymerization to form a vis-
ible and durable compound that can be enhanced and re-
corded by fluorescence, photography, and lifting. Research
is ongoing into the actual chemistry and mechanics of the
CA reaction. Currently, the heat-accelerated technique

in controlled high humidity (60-80% relative humidity) is
most often the suggested method of application. It is also
recommended that CA development be done shortly after
fingerprint deposition for maximum results. Although CA
fuming has proven effective for considerable durations of
time after deposition, CA fuming prior to evidence packag-
ing can also be an effective means of stabilizing fragile
latent impressions during storage and transportation.

7.10 Fluorescence Examination

As early as 1933, fluorescence examination with UV light
was suggested as a method of visualizing latent prints
dusted with anthracene powder on multicolored surfaces
(Inbau, 1934, p 4). Before the late 1970s, UV fluorescent
powder was used occasionally and appears to have been
the only credible fluorescent method of latent print detec-
tion. In 1976, researchers at the Xerox Research Centre of
Canada discovered inherent latent print fluorescence via
continuous wave argon ion laser illumination. Shortly there-
after, the first latent print in a criminal case was identified,
using inherent luminescence via laser excitation (fingerprint
on black electrical tape) (Menzel and Duff, 1979, p 96).

Since the late 1970s, advancements in the technology

of fluorescence detection have greatly aided the hunt

for many types of forensic evidence. Today, evidence

that would be barely perceptible or even invisible under
normal lighting is routinely intensified by fluorescence.
Bloodstains, semen, bruises, bone fragments, questioned
documents, flammable residues, fibers, and fingerprints all
merit examination with a forensic light source or laser.



Visible light consists of electromagnetic radiation of differ
ent colors and wavelengths. \When light passes through a
prism, it is separated spatially according to wavelengths,
resulting in the classic colors of the rainbow. Violet light
has the highest energy and the shortest wavelength (ap-
proximately 400 nm, where a nanometer is one-billionth of
a meter), whereas red light has the lowest energy and the
longest wavelength (approximately 700 nm), with green,
yellow, and orange being intermediate in energy and wave-
length (Champod et al., 2004, pp 41-76).

Atoms and molecules have different unique arrangements
of electrons around their nuclei, corresponding to different
discrete “energy levels” When light falls on a surface, a
photon of light is absorbed if the energy of the photon ex-
actly matches the difference in energy between two of the
energy levels of the molecules of the surface substance. If
light of a particular color or energy does not match the dif-
ference in energy, it is reflected. The color of the surface is
made up of the colors of light that are reflected and is not
the color corresponding to the wavelengths of light that are
absorbed. Objects that are different colors are absorbing
and reflecting different wavelengths of light. For example,
chlorophyll, which gives leaves their green color, absorbs
strongly at the red and blue ends of the visible spectrum,
but reflects green light. We see the world by observing the
wavelengths of light reflecting off objects all around us.

After a molecule absorbs light and is raised to a higher
energy level, it tends to relax back to the lowest level

or “ground state” by giving off energy as heat, usually
through collisions with other molecules. In some mol-
ecules, however, the excess absorbed energy is given
off in the form of light. This is photoluminescence. If the
emission is immediate, it is termed fluorescence. If it is
long-lived, it is phosphorescence. Fluorescence stops
within nanoseconds when the forensic light source is
turned off, whereas phosphorescence will continue. The
glowing numbers of a darkroom timer are an example of
phosphorescence.

The excited molecule will lose some of its energy before it
emits light as photoluminescence. As a result, the emitted
light is of a different color or wavelength than the excitation
light (Figure 7-15). The fluorescence is said to be “red-
shifted’] meaning that it is to the red side of the electro-
magnetic spectrum in relation to the incident light from the
forensic light source. The difference in the wavelengths
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of the exciting and emitted light is called the Stokes shift.
When using fluorescence to view a fingerprint, the viewing
or barrier filter blocks the reflected wavelengths of light
from the light source while allowing the fluorescent wave-
lengths to pass through.

Fluorescence examination of latent prints is extremely
sensitive (Menzel, 1999, p 5). By using the correct barrier
filters that will block out the light from the forensic light
source being used, but not the fluorescence, a very high
signal-to-noise ratio may be observed. If there is fluores-
cent chemical only on the fingerprint, the background will
give off no signal, and the print will be easily seen glowing
against a black background.

Fingerprint examinations may produce fluorescence from
four sources:

¢ Native constituents in latent print residue

e Foreign substances picked up by the hand and trans-
ferred through deposition

¢ |Intentional chemical enhancement
e Substrate (background) fluorescence

Some research has been aimed at identifying “native”

or inherent luminescence within fingerprint residue. This
fluorescence is typically weak and is thought to come from
compounds such as riboflavin and pyridoxin (Dalrymple

et al., 1977 p 106). Foreign contaminants in fingerprint
residue, such as food or drug residue, also may appear
luminescent. Treatment by chemical and physical means
designed to produce fluorescence, however, is generally
considered to be the most productive. Dramatic results are
routinely achieved through the use of fluorescent powders,
dye stains, and chemical reagents.

The use of lasers and forensic light sources pose real and
sometimes irreversible health hazards. Lasers can generate
enough intensity that even incidental or reflected light may
damage the unprotected eye. Filtered lamps also produce
intense light and, in addition, some will generate hazard-
ous UV radiation. The appropriate eye protection must be
used in coordination with the excitation wavelengths being
employed. Please read all manufacturer warnings before
using any forensic light source.
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FIGURE 7-15

Absorption and emission
spectra for rhodamine 6G.

FIGURE 7-16

Goggles.

To visualize latent prints via fluorescence, a specific band-
width of radiation must be shone on either an untreated
latent print or one treated with a fluorescent chemical. The
wavelengths chosen will be determined by the chemical
involved and the luminescent nature of the substrate. The
evidence is then examined through viewing goggles (Fig-
ure 7-16) or filter plates that block the incident light from
the forensic light source. These goggles act as a barrier
filter and are fundamental in separating the incident light
generated by the light source and the weak fluorescing sig-
nal emitted by the latent print. This separation of incident
and emitted light signals gives fluorescence examination
its sensitivity. It is important to use the correct goggles to
get the optimum results as well as for health and safety
considerations.

UV-only excitation does not necessarily require viewing
goggles because of the invisibility to the human eye of the
incident lighting; however, protective goggles, which can
include clear polycarbonate lenses, should be worn during
evidence examination to protect the eyes from reflected
UV radiation. Not all UV light sources produce pure UV,

7-30

Fluorescence emission

Absorbance

400 450 500 550 600 650 700
Wavelength (nm)

and a yellow viewing filter will be required if visible light is
present. Photography of UV-only excited fluorescence may
also require the correct UV barrier filter on the camera be-
cause some films and digital media may be sensitive to the
incident lighting even when the human eye is not. Protec-
tive clothing should be worn to minimize skin exposure to
UV radiation.

In general, yellow filters are used for incident light wave-
lengths from UV to 445 nm, orange filters for light sources
of 445-515 nm, and red filters for 515-550 nm. Specific
goggles and filters will vary in transmission values and
should be matched to the light source being used. View-
ing goggles are available through laser and forensic light
source companies and most forensic supply houses.

Once a fluorescing image is observed, it can sometimes
be “tuned” by adjusting the excitation wavelengths emit-
ted by the light source, and the barrier filter used for view-
ing, to minimize background fluorescence and maximize
contrast. The resulting image must be photographed using
a photographic filter that transmits the same wavelengths
as the filter used for viewing.



The light sources used to generate these narrow band-
widths come in several different varieties, including UV
lamps, filtered lamps, and lasers. Each of these light
sources has advantages and disadvantages, depending on
the intended purpose and one's budget.

Recently, “alternate” or “forensic” light sources (filtered
lamps) have become heavily relied on in laboratories and at
crime scenes because of improvements in power output,
versatility, portability, and affordability when compared to
lasers. These high-intensity lamps use long-pass, short-
pass, and band-pass filters in front of a metal halide or
xenon bulb to produce the desired wavelength ranges

for examining evidence (Wilkinson and Watkin, 1994, pp
632-651; Wilkinson et al., 2002, pp 5-15). Recently, hand-
held forensic “flashlights” have been introduced, many
based on light-emitting diode (LED) technology (Wilansky
et al., 2006).

Lasers, on the other hand, have in the past been less
portable and affordable but generated considerably more
power than filtered lamps. Lasers are desirable when only
very weak fluorescence is observed. Some examples of
weak fluorescence include the inherent fluorescence of
latent fingerprint residue or fingerprints developed with
reagents such as crystal violet that emit a very weak fluo-
rescent signal. New lasers (632 nm), which are aircooled
and portable, have recently come on the market. For a
more comprehensive discussion of laser types, functional-
ity, uses, and theory, see Menzel's Fingerprint Detection
with Lasers (Menzel, 1999, pp 3-21) or the Home Office
publication, Fingerprint Detection by Fluorescence Exami-
nation (Hardwick et al., 1990).

Besides simply detecting evidence, a forensic light source
or laser is often an effective means of image enhancement
as well. This enhancement may come from intentionally
causing a background to fluoresce to increase the contrast
between a fingerprint and its substrate, or from muting a
background pattern by selecting a wavelength range that
reduces the background color.

Bloody impressions are a good example of enhancement
through absorption at a discrete wavelength. The maximum
absorption wavelength for dried blood is approximately

420 nm. lllumination at this wavelength makes the blood-
stained ridges appear darker. If the background fluoresces
in this wavelength range, the bloody impression will be
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significantly enhanced (Figure 7-17) (Stoilovic, 1991, pp
289-296; Vandenberg and van QOorschot, 2006, pp 361-
370).

Many fluorescent processes have been developed to aid
the forensic examiner with tools that go far beyond using a
light source alone. Fluorescent powders are abundant and
widely available at forensic supply companies, with most
companies marketing their own particular brand name.

Dye stains such as MBD [7-(p-methoxybenzylamino)-4-
nitrobenz-2-oxa-1,3-diazole], rhodamine 6G (R6G), Ardrox,
basic yellow, and basic red can be prepared in the lab and
are extremely effective for enhancing fingerprints devel-
oped with cyanoacrylate. Some of these dye stains can
be combined to produce a stain that will fluoresce across
a broad spectrum. One such stain is RAM, a combination
of R6G, Ardrox, and MBD. Because RAM can be used at
various wavelengths, the practitioner can often “tune out”
problematic backgrounds by selecting a wavelength that
maximizes fingerprint fluorescence and suppresses back-
ground fluorescence.

Treatments for paper are equally effective as those used
on nonporous surfaces and include ninhydrin toned with
zinc chloride and the ninhydrin analogues: DFO, 1,2-indane-
dione, and 5-MTN (5-methylthioninhydrin).

Four excellent references containing recipes and instruc-
tions for fluorescent reagents are the FBI Processing Guide
for Developing Latent Prints (Trozzi et al., 2000), the Home
Office Manual of Fingerprint Development Techniques
(Kent, 1998, 2004), Fingerprints and Other Ridge Skin
Impressions (Champod et al., 2004, pp 142-145, 228-229),
and Advances in Fingerprint Technology (Lee and Gaens-
slen, 2001, pp 105-175).

Table 7-3 is a list of common reagents and their corre-
sponding wavelengths of peak absorption and emission.
Precise adherence to a peak excitation and absorption
wavelength is not always possible (depending on the avail-
able light source) and not always advisable because many
substrates may interfere with visibility at these wave-
lengths. Because the absorption bands are generally quite
wide, the excitation wavelength can differ from the absorp-
tion maximum and still induce significant fluorescence.
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FIGURE 7-17

Composite image of a bloody
fingerprint on copy paper. The
left side was photographed at
415 nm. The right side was
photographed under daylight-
balanced photographic lighting.

7.10.6 Time- and Phase-Resolved Imaging

As mentioned earlier, background fluorescence may be
generated intentionally to better visualize a fingerprint that
is faintly absorbing light but not fluorescing. This condition
will increase contrast by brightening the background, mak-
ing the darker fingerprint stand out. However, background
fluorescence is more often a hindrance, competing with a
fluorescing fingerprint for visualization.

Time-resolved imaging has been advocated as one possible
means to solve this problem. This technique takes advan-
tage of the difference between the time of emission of the
substrate and the fluorescing fingerprint (Menzel, 1999,

p 126). Early devices utilized a light source with a gated,
rotating wheel that “chops” the light to exploit these differ-
ences in emissions. The light shines on the fingerprint and
substrate when an opening in the wheel is in front of the
light. The light source is then effectively turned off when

a blade in the wheel passes in front of the light source.
Shortly thereafter, an opening in the wheel passes in front
of a detector. The size of the openings in the wheel, and
the speed with which it turns, will determine the length

of time that the print is exposed and the delay between
excitation and detection. If the background fluorescence
decays faster than the fluorescence of the chemical on

the latent fingerprint, the background can be eliminated by
adjusting the delay time (Menzel, 2001, p 216; Campbell,
1993, pp 368-377).

Later designs proved more practical by using an electronic
light chopper in conjunction with a gateable charge-coupled
device (CCD) camera, each component controlled by a
computer with the image displayed on a monitor (Menzel,
1999, p 126). Time-resolved imaging is still considered
impractical for widespread application. Phase-resolved
imaging stands to be the next technological advance and

is currently used in other fields of spectroscopy (Menzel,
2001, p 216).

7.10.7 Conclusion

Fluorescence examination is firmly grounded in everyday
latent print detection and imaging techniques. The sensitiv-
ity of this technique warrants application on all forms of fo-
rensic evidence. Specific bandwidths of radiation are shone
on untreated prints as well as prints treated with powders
and chemical reagents. When viewed with the appropriate
barrier filters, sensitivity via photoluminescence detection
may be achieved down to nearly the single photon. Absorp-
tion at discrete wavelengths, absent fluorescence, is also

a beneficial enhancement technique on substances such
as the purple impressions from ninhydrin or dried blood,
rendering them darker and easier to view and photograph.
Because background fluorescence is the biggest hindrance
to fluorescence examination, experimental concepts such
as time- and phase-resolved imaging have been proposed
to address this problem.
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Table 7-3

Common reagents and their wavelengths of peak absorption and emission.

Basic Yellow 40

(Champod et al., 2004,
pp 142-145, 228-229)

Reagent/Substance Absorption Maximum (nm) Emission Maximum (nm)
DFO 560 580
(Champod et al., 2004, pp 129-130) (Champod et al., 2004, pp 129-130)
1,2-Indanedione 515
550
5-MTN
(Wallace-Kunkel et al., 2006, pp 4-13)
415-560*
Ninhydrin
(Champod et al., 2004, pp 117-118)
. . 540
Ninhydrin/ZnClI 490
(Champod et al., 2004, pp 120-124)
500
Ardrox 380
(Lee and Gaennslen, 2001, p 124)
445 495

(Champod et al., 2004,
pp 142-145, 228-229 )

Rhodamine 6G

(Champod et al., 2004,
pp 142-145, 228-229)

440 490
(Lee and Gaennslen, 2001, p 124) (Lee and Gaennslen, 2001, p 124)
515
MBD 465
(Lee and Gaennslen, 2001, p 124)
585
. (Champod et al., 2004,
Basic Red 28 495
pp 142-145, 228-229;
Lee and Gaennslen, 2001, p 124)
490-530 565

(Champod et al., 2004,
pp 142-145, 228-229)

Untreated Dried Blood

(Champod et al., 2004, p 168)

525 555
(Lee and Gaennslen, 2001, p 124) (Lee and Gaensslen, 2001, p 124)
Crystal Violet 532%**
550
Acid Yellow 7 527
(Sears et al., 2005, pp 741-763)
485-500
Acid Yellow 7 + Blood 445-480
(Sears et al., 2005, pp 741-763)
415*

* Does not fluoresce but appears dark.

** Weak fluorescence requiring laser illumination.
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7.11 Vacuum Metal Deposition

Vacuum metal deposition (VMD) is a long-established
industrial technique for the application of metal coatings to
components such as glass to form a mirror. In 1964, phys-
ics professor Samuel Tolansky (Royal Holloway College,
University of London) noted that the deposition of silver in
a vacuum system developed latent fingerprints accidentally
deposited on a glass component. An investigation into the
process as a fingerprint development technique was pro-
posed. However, this was not pursued at the time by the
U.K. Home Office because other techniques for fingerprint
detection on glass were considered cheaper, easier to use,
and sufficiently effective.

In 1968, French workers reported (Theys et al., 1968, p

106) that VMD of a mixture of zinc, antimony, and copper
powder was capable of developing latent prints on paper.
As a consequence of this article, interest in the technique
was revived in the United Kingdom, and Tolansky initiated

a research program to investigate the optimum conditions
and the potential applications for VMD. One of the early
objectives of the research was to establish why the French
composition was effective. Closer examination of deposited
metal coatings produced by the French laboratory indicated
that the coating was almost entirely zinc, the presence of
antimony and copper not being necessary to develop prints
(Hambley, 1972).

The research program initiated by Tolansky (Hambley, 1972)
investigated the deposition characteristics of a range of
metals on paper substrates, identifying single metals and
metal combinations giving the optimum print develop-
ment. Research was also conducted into the ability of the
technique to detect latent prints on fabrics. These experi-
ments showed that although some print development was
obtained by the use of single metals (e.g., gold, silver,
copper, zinc, and cadmium), in general, the best results
were obtained by the use of a combination of metals, typi-
cally gold or silver followed by cadmium or zinc. Initially,
the gold and cadmium combination was selected as the
optimum, although subsequent health and safety issues
have resulted in the gold and zinc combination being rec-
ommended instead. Gold was preferred over silver as the
initial deposition metal because silver can be degraded by
fingerprint secretions and atmospheric pollutants.
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The early experimental work was carried out on small-
scale equipment with a bell jar, but research continued to
develop larger equipment suitable for use in a fingerprint
laboratory. By the mid-1970s, systems modified from
standard industrial equipment had been developed (Kent,
1982) and were in use in several police forces and forensic
providers within the United Kingdom. Later, manufactur-
ers made refinements, increasing the size of the vacuum
chamber and adding controls specific to the fingerprint
development process. In the 1990s, the technigue made
its way from Europe to North America (Murphy, 1991, pp
318-320; Misner, 1992, pp 26-33; Masters and DeHaan,
1996, pp 32-45). Specially constructed VMD equipment is
now supplied by several manufacturers worldwide.

Although VMD was originally investigated as a fingerprint
development technique for use on paper and fabrics, it was
established that other processes are capable of giving bet-
ter results on paper. However, VMD was found to give ex-
cellent results on nonporous substrates and in comparative
studies was found to outperform all other techniques in
developing marks on plastic bags (Misner, 1992, pp 26-33;
Kent et al., 1975, 1978; Reynoldson and Reed, 1979). The
process was also found to develop marks on substrates
exposed to water and conditions of high humidity, giving
substantial advantages over techniques such as CA fuming
for articles that have been exposed to these conditions.

Few modifications have been made to the process itself
since the change in the second deposition metal from cad-
mium to zinc in the late 1970s. Recently, there has been
further research on VMD in Australia, looking in detail at
the various print development regimes that can be fol-
lowed on different grades of polyethylene (Jones et al.,
2001c, pp 73-88) and how the surfaces could be “reac-
tivated” to develop prints if excess metal deposition had
occurred initially (Jones et al., 2001d, pp 5-12). The work
was extended to investigate other polymer substrates,
including polypropylene, polyvinylchloride, and polyethylene
terephthalate (Jones et al., 2001b, pp 167-177), and dif-
ferent deposition conditions were recommended for each
class of polymer, in particular the amount of gold deposited
prior to zinc deposition (polyethylene terephthalate and
polyvinylchloride require significantly more gold to develop
prints than polymer or polypropylene).

However, there are situations where the performance of
VMD leaves much to be desired. It is believed that the
effectiveness of VMD can be detrimentally affected by the
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Zinc

FIGURE 7-18
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presence of body fluids (Batey et al., 1998, pp 165-175)
and drug residues (Magora et al., 2002, pp 159-165). It has
also been difficult to develop prints on heavily plasticized
polymers (such as clingfilm and plasticized vinyl) using the
VMD process. Recent work has indicated that deposition
of silver as a single metal may give improved detection
rates over the gold and zinc combination for these types
of substrates, and the silver deposition process has now
been published for operational use (Home Office Scientific
Development Branch, 2005, pp 8-9).

There is general agreement on the theory associated with
normal development of prints by the VMD method. The
reason that the metal combinations are postulated to work
well is due to the condensation characteristics of zinc (and
cadmium). These metals will not condense on grease, such
as that found in fingerprint residues, even when the oily
residues are present only as a monolayer. However, zinc
will deposit on small nuclei of metal, and this is the reason
that gold or silver deposition is carried out first. Gold and
silver can be deposited over the entire surface and begin to
form nuclei, the morphology of which depends on the na-
ture of the surface (surface energy, chemical species pres-
ent) upon which they are being deposited. The resultant
gold coating is very thin (several nanometers only) and dis-
continuous. However, in the regions coated with the fatty
residues of the latent fingerprint, the gold diffuses into the
fat and hence there are no gold nuclei close to the surface.
As a consequence, when zinc is subsequently deposited,

it will condense on the regions of gold nuclei (i.e., the
background substrate) but not on the regions of the fatty
deposit (i.e., the fingerprint ridges). This theory of nucle-
ation was discussed in more detail by Stroud (1971, 1972).
The normal development process is depicted schematically
in Figure 7-18, and a photograph of a mark produced by
normal development is shown in Figure 7-19.

Tests carried out to determine which components of the
latent print were most likely to be responsible for inhibiting
metal deposition identified several substances, includ-

ing stearic acid, palmitic acid, cholesterol oleate, glycerol
trioleate, and amino acids L-arginine monohydrochloride,
L-leucine, and DL-threonine. Most of these substances
are non-water-soluble or long-chain fats or acids with low
vapor pressure, which determines their stability and non-
migration over the surface during the VMD process. These
findings were in accord with the observation that VMD
was capable of developing prints on substrates exposed to
water. Experiments to study the diffusion of gold into thin
films of stearic acid (Thomas, 1978, pp 722-730) demon-
strated that 60% of the gold penetrated the stearic acid to
a depth greater than the detection depth of the electron
spectroscopy for the chemical analysis (ESCA) surface
analysis technique and hence would probably not be suf-
ficiently close to the surface for zinc to nucleate on it.

Electron microscopy has also been used to confirm that
the size and distribution of gold nuclei formed during the
deposition process varied greatly according to the sub-
strate and the chemical species present (Kent, 1981, p
15). It was this difference in nuclei size and distribution,
coupled with diffusion of gold into the fatty deposits, that
subsequently delineated the print during VMD.

In practice, many prints developed using VMD may be
“reverse developed” (i.e., zinc preferentially deposits on
the fingerprint ridges rather than the background). There
are differences in opinion as to why this arises (Jones

et al., 2001b, pp 167-177; 2001c, 73-78; Kent et al., 1976,
p 93), but none of the theories have been categorically
proven, and in some cases reverse and normal develop-
ment may be observed on the same substrate (although it
is stated that this is most common for [if not exclusive to]
low-density polyethylene substrates). Figure 7-20 shows a
reverse-developed mark on a polyethylene bag.
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FIGURE 7-19

Photograph of a normally developed
mark on a polyethylene bag.

FIGURE 7-20

Photograph of a reverse-developed
mark on a polyethylene bag.

7.11.3 Application

The equipment used for VMD may vary according to
manufacturer, but the essential elements of the system
are the same. The equipment consists of a vacuum cham-
ber capable of being pumped down to very low pressure
(< 3 x 10* mbar), filaments for evaporation of gold and zinc,
and a viewing window so that the deposition of zinc can be
monitored. The chamber may also contain a “cold finger”
chilled to low temperature to help reduce pump downtimes
by condensing some of the vapor in the chamber. Articles
to be coated are attached to the inside circumference of
the vacuum chamber, above the coating filaments. A typi-
cal system is illustrated in Figure 7-21.

The filaments (“boats”) used for deposition of gold and
zinc are typically formed from thin sheets of molybdenum.
The gold filament usually consists of a shallow dimple in

a thin strip of molybdenum. Gold deposition takes place
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when the chamber has reached a pressure of 3 x 10* mbar
or lower, and the current to the filament is increased until
the filament reaches a yellow-to-white heat. Deposition of
gold should be complete within 10 seconds, but if any resi-
due is observed on the filament as the current is reduced,
the temperature should be increased again until all gold
has been evaporated.

Once gold deposition is completed, the pressure in the
chamber is increased to ~5 x 10“ mbar and the current to
the zinc deposition filament(s) is turned on. The reason for
increasing the pressure in the chamber is to reduce the
speed of zinc deposition by introducing more air molecules
with which the zinc may collide. Some substrates can
coat very quickly, so the slower deposition process gives
the operator more control. The zinc deposition filaments
are larger and significantly deeper than the gold filament,
and the quantity of zinc added is greater, typically 1 g per
run. For zinc deposition, the current is increased until the



filament glows a cherry-red to dull orange color. Once this
occurs, the operator should observe the deposition pro-
cess through the viewing window, ceasing deposition as
soon as marks become visible on the substrate. After zinc
deposition, the gold filament should be briefly heated to
yellow-to-white heat to burn off any zinc contamination. The
process is described in more detail elsewhere (Kent, 2004).

There is great variability in the speed at which different
substrates coat, and it may take more than 10 minutes

to obtain a suitable coating on some types of material.

In some cases, it may be necessary to carry out multiple
deposition runs in order to obtain satisfactory results or

to develop all the marks present. The presence of surface
contamination, release agents, or plasticizers may mean
that it is not possible to obtain a zinc coating at all; in these
circumstances, the deposition of 60 mg of silver, using the
same deposition conditions for gold, may yield additional
marks.

The VMD technique was initially adopted as an operational
technique for the detection of latent prints on thin poly-
ethylene sheets, and it was shown to be superior to other
processes developed subsequent to the initial comparison
trials. VMD has now been used operationally for many
years and has been shown to be an effective technique

for a wider range of materials than polyethylene. Recent
results have shown VMD to produce results on a range

of substrates (e.g., a ticket coated with ferromagnetic

ink, and on expanded polystyrene) (Suzuki et al., 2002, pp
573-578). The use of the technique has also begun to in-
crease in North America, and successful results have been
obtained from plastic bags, in some cases several years old
and exposed to moisture (Batey et al., 1998, pp 165-175).
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FIGURE 7-21

Typical vacuum metal
deposition equipment.

The range of specimens that have been successfully
treated using VMD is extensive and includes:

¢ Plastic bags and packaging.

e (lass and plastic bottles.

® Firearms.

e Glossy card, photographic paper, and magazine covers.
¢ Clean leather items (including handbags and shoes).

e Adhesive tapes (nonsticky side).

It is evident that there is much overlap between the types
of articles that can be treated with VMD and those that
are treated using CA fuming. In many cases, the deciding
factor as to which technique is to be used is whether the
article has been wetted because VMD remains effective on
wetted items, whereas CA fuming does not. In practice,

it is possible to use the two processes in sequence, and
more marks may be detected in this way because the two
processes work on different fingerprint constituents. How-
ever, at present, there still seems to be some debate as to
which of the two techniques should be done first.

7.12 Blood Enhancement
Techniques

7.12.1 History

Blood is one of the most common known contaminants
of fingerprints found at scenes of crime. The use of blood
evidence in the history of forensic investigation dates back
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over 150 years. The earliest tests were of two types, both
relying on the presence of the heme group: those that pro-
duced crystals and those that relied on its catalytic nature.

The crystal or confirmatory tests were formulated by
Teichmann in 1850 (Thorwald, 1966, p 23) and Takayama

in 1912 (Gerber and Saferstein, 1997 pp 18-19). However,
these tests require the blood to be scraped from the sur
face and, therefore, give no regard to the forms of physical
evidence such as fingerprints, footwear impressions, or
spatter patterns.

Catalytic or presumptive tests that attempted to keep
much of the physical evidence intact were produced by
Van Deen and Day in 1862 and were based on guaiacol
(Gerber and Saferstein, 1997 pp 18-19); by Schdnbein in
1863, using hydrogen peroxide; and by Adler and Adler
around 1900, using benzidine (Thorwald, 1966, p 23). Adler
and Adler pioneered the use of leucomalachite green in
1904 (Eckert and James, 1989, p 2); Medinger modified
their method in 1931 to make it more sensitive (Séderman
and O’Connell, 1935, p 226).

Other presumptive tests for blood were developed by
Kastle and Sheed in 1901 and Kastle and Meyer in 1903,
using phenolphthalein; by Ruttan and Hardisty in 1912,
using o-tolidine; by Specht in 1937 using luminol (3-amino-
phthalhydrazide); and by Gershenfeld in 1939, using o-tolu-
idine (Eckert and James, 1989, p 2).

In 1911, Abderhalden and Schmidt (1911, p 37) reported the
development of fingerprints on the bottle label of triketo-
hydrindene hydrate (ninhydrin). This discovery was not ex-
ploited for the detection of fingerprints or blood until 1954,
when Odén (Odén and von Hofsten, 1954, p 449) produced
his ninhydrin formulation based on acetone. The use of

this method for the enhancement of fingerprints in blood
revolutionized thinking in this area of forensic investigation.
The emphasis was shifted away from presumptive tests for
heme, which generally require expert opinion to interpret
the test results correctly, and onto easierto-use reagents
that produce intensely colored products with other compo-
nents of blood, usually protein or its breakdown products.

Use of the protein dye, amido black (acid black 1), quickly
became popular with forensic investigators. Its use by
the Metropolitan Police Laboratory, in a solvent base of
methanol and acetic acid, was discussed at a forensic
science symposium in 1961 by Godsell (1963, p 79).

This formulation, with a change in the method for fixing
blood— from the use of heat to immersion in methanol
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(Faragher and Summerscales, 1981), along with a water
based formulation of the same dye (Hussain and Pounds,
1989a)— continued to be recommended for the enhance-
ment of fingerprints in blood by the U.K. Home Office until
2004 (Kent, 2004), when a new formulation by Sears and
Prizeman (2000, p 470) was adopted.

Many other protein stains for the enhancement of both
fingerprints and footwear impressions in blood have also
been proposed: coomassie blue (acid blue 83) and Crowle’s
double stain (acid blue 83 and acid red 71) by Norkus and
Noppinger in 1986 (Norkus and Noppinger, 1986, p 5);
fuchsin acid (acid violet 19, Hungarian Red), patent blue V
(acid blue 1), and tartrazine (acid yellow 23) by Barnett and
colleagues in 1988 (Barnett et al., 1988); benzoxanthene
yellow and acid violet 17 by Sears and colleagues in 2001
(Sears et al., 2001, p 28); and acid yellow 7 by Sears and
colleagues in 2005 (Sears et al., 2005, p 741).

Although the use of protein dyes became most popular for
enhancing fingerprints in blood, research on presumptive
enhancement methods continued and, in 1976, Garner et

al. (1976, p 816) proposed the use of tetramethylbenzidene
(TMB) as safer and just as reliable as benzidine. Suggestions
for other presumptive tests continue: tetraamino-biphenyl
(TAB) and diaminobenzidine (DAB) in 1989 by Hussain and
Pounds (1989b); fluorescein in 1995 by Cheeseman and
DiMeo (1995, p 631); and leucocrystal violet (LCV) in 1996
by Bodziak (1996, p 45).

In addition, many modifications have been made to
ninhydrin formulations to increase its effectiveness and
safety: by Crown in 1969 (Crown, 1969, p 258) and Mor
ris and Goode in 1974 (Morris and Goode, 1974, p 45).
Further changes were forced on the fingerprint community
because of “The Montreal Protocol on Substances That
Deplete the Ozone Layer” (United Nations Environ Pro-
gramme, 1999), and new formulations were proposed by
Watling and Smith in 1993 (Watling and Smith, 1993,

p 131) and Hewlett and colleagues in 1997 (Hewlett et al.,
1997 p 300). The use of transition metal toners to change
the color or make the reaction product between amines
and ninhydrin fluoresce has also been proposed by Morris
in 1978 (Morris, 1978), Everse and Menzel in 1986 (Everse
and Menzel, 1986, p 446), and Stoilovic and colleagues in
1986 (Stoilovic et al., 1986, p 432).

It was also suggested that the use of one of several
ninhydrin analogues would improve sensitivity, and many
have been proposed: benzo(f)ninhydrin in 1982 by Almog



et al. (1982, p 912), 5-methoxyninhydrin in 1988 by Almog
and Hirshfeld (1988, p 1027), DFO in 1990 by Grigg et al.
(1990, p 7215), and indanedione in 1997 by Ramotowski et
al. (1997 p 131).

In the late 1970s and early 1980s, those developing high-
intensity light sources observed that shorter wavelengths
of light in the UV and violet regions of the spectrum make
surfaces fluoresce strongly. This can give extra detail if a
fingerprint is in a strongly light-absorbing material such as
blood (Hardwick et al., 1990). This is an especially valuable
method for the enhancement of fingerprints in blood, as
the heme group absorbs light throughout much of the vis-
ible part of the spectrum (Kotowski and Grieve, 1986,

p 1079).

All these developments meant that by the late 1990s, there
were so many reagents and formulations for the enhance-
ment of blood-contaminated fingerprints and footwear
impressions, with little or no comparative data, that it

was causing immense confusion amongst practitioners.
Also, the emergence of DNA analysis heaped even more
uncertainty onto which techniques could or should be used
for the enhancement of blood, such that vital evidence was
likely to be lost by the wrong choices. Therefore, the U.K.
Home Office set out to clarify the situation and began a
program of work to review and compare the most com-
monly used of these techniques (Sears and Prizeman,
2000, p 470; Sears et al., 2001, p 28; 2005, p 741). Result-
ing from this colossal task were a number of key findings
that were incorporated in a comprehensive update to The
Manual of Fingerprint Development Techniques in 2004
(Kent, 2004).

Blood consists of red cells (erythrocytes), white cells (leu-
kocytes), and platelets (thrombocytes) in a proteinaceous
fluid called plasma, which makes up roughly 55% of whole
blood volume. The red cells principally contain the hemo-
globin protein but also have specific surface proteins (ag-
glutinogens) that determine blood group. The white cells,
which form part of the immune system, have a nucleus
that contains DNA.

Hemoglobin makes up roughly 95% of red cells’ protein
content and is made of four protein subunits, each con-
taining a heme group. The heme group is made of a flat
porphyrin ring and a conjugated ferrous ion.
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Chemical blood enhancement methods fall broadly into
two types—those that use the heme grouping to prove

or infer the presence of blood and those that react with
proteins or their breakdown products. The latter are not at
all specific for blood; however, because of the high content
in blood of protein and protein breakdown products, these
techniques are the most sensitive available to the forensic
investigator (Sears et al., 2005, p 741).

Two kinds of tests use the heme group in hemoglobin:
crystal tests and catalytic tests.

Crystal tests are specific or confirmatory for the presence
of heme, but not whether the blood is human or not. The
two best-known crystal tests are those formulated by
Teichmann and Takayama. The Teichmann test results in the
formation of brown rhombohedral crystals of hematin, and
the Takayama test results in red-pink crystals of pyridine
hemochromogen (Palenik, 2000, p 1115; Ballantyne, 2000,
p 1324). Both these tests have to be carried out ex situ so
are of no use for fingerprint enhancement.

The catalytic tests are only presumptive or infer the pres-
ence of heme because they are subject to false-positive
and false-negative reactions caused by a variety of nonblood
substances. Consequently, individual results require careful
interpretation by experts. These tests all rely on the peroxi-
dase activity of the heme group (i.e., the ability to reduce
hydrogen peroxide to water and oxygen). This reaction may
then be coupled to the oxidation of colorless reduced dyes
(e.g., phenolphthalein, leucocrystal violet, tetramethylbenzi-
dine, and fluorescein) that, when oxidized, form their colored
counterparts (Ballantyne, 2000, p 1324).

H,0, + colorless -
reduced dye

H,0O + colored
oxidized dye

(Lee and Pagliaro, 2000, p 1333).

The luminol test also relies on the peroxidase activity of
the heme group but uses sodium perborate instead of
hydrogen peroxide. This then produces a product that
luminesces in the presence of blood. The bluish-white che-
miluminescence is faint and must be viewed in the dark by
an operator who is fully dark-adapted to gain the best from
this test. Even with careful application of luminol, it is all
too easy to damage the fine detail of blood-contaminated
fingerprints. This technique should be used only when fine
detail is not required and when other techniques might be
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compromised by surface type or impracticality, such as
dark or patterned carpets (Sears et al., 2005, p 741).

The major concern with the catalytic tests for blood is that
they can produce false-positive results in the presence of
chemical oxidants and catalysts; salts of heavy metals such
as copper, nickel, and iron; and plant peroxidases such as
those found in horseradish, citrus fruits, and numerous root
vegetables (Lee and Pagliaro, 2000, p 1334). A two-stage
test can obviate this. The reduced colorless dye is applied
initially and if no color change is observed, then the hydro-
gen peroxide is added. A color change at this point is more
likely to indicate the presence of blood.

It is generally accepted that a negative result with a cata-
lytic test proves the absence of blood; however, strong
reducing agents, such as ascorbic acid, may inhibit such
tests (Eckert and James, 1989, p 121).

There are two types of techniques for proteins—those

that stain proteinaceous material and those that react

with amines. Blood contains more protein than any other
material, so these techniques are inherently more sensitive
than those for heme, although they are not at all specific
for blood.

The most effective protein dyes for the enhancement of
fingerprints in blood are a group known as acid dyes. They
are often characterized by the presence of one or more
sulphonate (-50,) groups, usually the sodium (Na*) salt.
These groups function in two ways: first, they provide for
solubility in water or alcohol, the favored major solvents
from which to apply these dyes; and, second, they assist
the reaction by virtue of their negative charge (anionic). If
acidic conditions are used (acetic acid being the favored op-
tion), the blood protein molecules acquire a positive charge
(cationic) and this attracts the acid dye anions. Also, hydro-
gen bonding and other physical forces, such as van der
Waals, may play a part in the affinity of acid dyes to protein
molecules (Christie et al., 2000, pp 19-20). The presence of
a short-chain alcohol in the dyeing solution helps to prevent
the blood from diffusing during the dyeing stage (Sears and
Prizeman, 2000, p 470). Ethanol is preferred because this
offers lower toxicity and flammability than methanol. The
use of water as the major solvent gives the solution a flash
point of around 30 °C, enabling this formulation (containing
water, ethanol, and acetic acid) to be used at crime scenes
with a few simple precautions (Kent, 2004).
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If acid dye formulations are applied directly to fingerprints
in blood without a fixing stage, the blood will solubilize
and ridges will diffuse or be completely washed away. A
number of different fixing agents have been used, but the
most effective are 5-sulphosalicylic acid and methanol.
Which one is used depends on the major solvent used in
the dyeing process: if water is the main solvent, then a so-
lution of 5-sulphosalicylic acid is most effective, whereas if
the main dyeing solvent is methanol, then methanol is the
best fixing agent (Sears and Prizeman, 2000, p 470). These
fixing agents act in different ways; the 5-sulphosalicylic
acid precipitates basic proteins, and methanol dehydrates
the blood.

The use of solutions based on methanol has waned for

a number of reasons, including its toxicity, flammability,
and tendency to cause damage to surfaces (e.g., paints,
varnishes, and some plastics), which has a negative effect
on fingerprint development. This fixing stage gives the
protein dyes another advantage over the presumptive tests
for blood: as well as being a more sensitive test, it often
produces more sharply defined fingerprint ridges and the
detail is clearer.

A washing stage is required post-dyeing. On nonporous
surfaces, this just removes excess dye; however, on
porous surfaces, this also acts as a destainer, removing
dye that has been absorbed by the background surface.
The wash solution has to be carefully constructed so that
it solubilizes the dye, does not diffuse or wash away the
dyed fingerprint, and retains the intensity of color of the
dye in the fingerprint. For this reason, the same solvent
mix as that used for the dyeing process, or some small
variation of it, is generally most effective (Sears and Prize-
man, 2000, p 470).

Ninhydrin and DFO react with amines and are the two
most widely used techniques to develop latent fingerprints
on porous surfaces (Figure 7-22). They are also very ef-
fective for the enhancement of blood (Sears et al., 2005,

p 741). They both react with amino acids similarly to form
products that contain two deoxygenated molecules of

the starting product, bridged by a nitrogen atom that is
donated from the amine (McCaldin, 1960, p 39; Wilkinson,
20003, p 87).

Although the reaction mechanisms and products have
similarities, the method of their visualization is entirely dif-
ferent. Ninhydrin, under the right conditions, produces an
intensely colored product (Ruhemann’s purple), and DFO
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produces a pale pink, extremely fluorescent product. Ruhe-
mann’s purple can be made to fluoresce by complexing it
with metal salts, but this additional process is still not as
sensitive as DFO (Stoilovic, 1993, p 141). DFO requires heat
for the reaction to proceed (Hardwick et al., 1993, p 65),
whereas ninhydrin will react at room temperature, provided
moisture is available, although the process proceeds much
faster at elevated temperatures and humidities.

The use of fluorescence to enhance fingerprints in blood
can be extremely effective. There are two ways this may
be achieved: (1) by exciting fluorescence in the background
surface on which the blood is deposited or (2) by treatment
with a chemical that either breaks the heme group or turns
the blood into a fluorescent species, or does both of these.

Many materials fluoresce when excited by high-intensity
light in the UV and violet regions of the spectrum. This is
coincidentally where the heme group is most absorbent,
with a peak around 421 nm (known as the Soret Band)
(Kotowski and Grieve, 1986, p 1079). This absorbency

is why blood-contaminated fingerprints will appear dark
against a light background. Fluorescence examination
may be used before any other fingerprint enhancement
techniques because it is nondestructive, and if long-wave
UV or violet light (350-450 nm) (Hardwick et al., 1990) is
used, then DNA typing is also unaffected (Kent, 2004). The
use of ninhydrin, acid black 1, or acid violet 17 can further
intensify the contrast between fingerprint and background
by increasing the light absorption properties of the blood.

The use of a strong organic acid in conjunction with hydro-
gen peroxide breaks up the heme group so that it is no
longer as effective at absorbing light. Then, when excited
by green (500-550 nm) light, it will fluoresce orange. This
effect has also been noted as blood ages.

DFO and acid yellow 7 both produce fluorescent species
with blood that can be excited by green (610-570 nm) and
blue (420-485 nm) light, respectively. Both can be less
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FIGURE 7-22

effective on heavy deposits of blood because the heme
group retains its ability to absorb both the excitation light
and that emitted as fluorescence.

7.12.5.1 Application. Currently it is considered that
fluorescence examination, two amino acid reagents, and
three acid dyes are the most effective means of enhancing
fingerprints in blood (Sears et al., 2005, p 741). The most
appropriate techniques to use for maximum effectiveness,
either individually or in sequential order, depend on the
porosity of the surface to be treated. This applies to both
latent fingerprint development and enhancement of blood-
contaminated fingerprints.

Testing of the surface for fluorescence should always be
carried out before any other technique. High-intensity light
sources with outputs between 350 and 450 nm are most
effective. When the blood-contaminated or latent finger
prints are on porous surfaces, the most effective sequence
of techniques is DFO, ninhydrin, either acid black 1 or acid
violet 17 (after carrying out a spot test to see which is most
suitable), and then finally physical developer (Sears et al.,
2005, p 741).

When the blood-contaminated or latent fingerprints are on
nonporous surfaces, the most effective sequence of tech-
nigues is VMD, powders, acid yellow 7, acid violet 17, then
finally either physical developer or solvent black 3 (sudan
black). Superglue may be used instead of VMD or powders,
but this will inhibit the dyeing process for blood by preventing
the dye from reaching the blood (Sears et al., 2005, p 741).

DFO and ninhydrin working solution should be applied by
dipping or by brushing with a soft brush on larger articles
or surfaces. It is recommended that DFO be heated to

100 °C for 20 minutes; however, when this is not possible,
temperatures as low as 50 °C may be used, but the rate of
reaction is much slower (Hardwick et al., 1993, p 65). It is
recommended that ninhydrin-treated articles or surfaces be
heated to 80 °C and humidified to 65% RH. However, the
reaction will proceed at room temperature and humidity,
but more slowly.
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High-intensity light sources capable of emitting wave-
lengths between 510 and 570 nm must be used to excite
fluorescence from blood reacted with DFO. The fluores-
cence emitted is between 550 and 650 nm. Benefit may
also be gained by using shorter wavelengths, between
350 and 450 nm, to excite background fluorescence after
ninhydrin treatment.

The three recommended acid dyes, acid black 1 (Cl 20470),
acid violet 17 (Cl 42650), and acid yellow 7 (Cl 56205),
should all be applied to blood fixed for at least 5 minutes
with a solution of 5-sulphosalicylic acid. Dyeing of fixed
blood is most effective if the area of interest is immersed
in the dyeing solution for at least 3 minutes for acid black

1 and acid violet 17 and for at least 5 minutes in the case
of acid yellow 7. Areas heavily contaminated with blood
require longer dyeing times. If it is not possible to immerse
the bloodied fingerprints, then the dyeing solution should
be applied above the area of interest and allowed to flow
down over it, keeping the area damp for the specified time.
A well may be constructed around the area of interest on
horizontal surfaces, which may be flooded and drained as
appropriate.

Areas of interest will then need to be washed or destained
to remove excess dye. The most effective solution for
doing this is the same solvent composition as the dye
solution, washing as required to remove excess dye or de-
stain the background.

High-intensity light sources capable of emitting wave-
lengths between 420 and 485 nm must be used to excite
fluorescence from blood dyed with acid yellow 7 The
fluorescence emitted is between 480 and 550 nm. The use
of shorter wavelengths between 350 and 450 nm, to excite
background fluorescence after acid black 1 or acid violet 17
treatment, may be beneficial.

Work carried out by the U.K. Home Office has demon-
strated that positive DNA identification may be made

after fluorescence examination and any single chemical
treatment, provided that simple guidelines are followed. If
more than one fingerprint development technigue is used
in sequence, then the chances of successfully carrying out
DNA identification are much reduced (Kent, 2004).

The U.K. work has shown that the most effective formula-
tion for the acid dyes is as follows (Sears et al., 2005,
p 741):
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Fixing Solution—46 g 5-sulphosalicylic acid dehydrate
dissolved in 1 L water.

Staining Solution—1 g acid dye dissolved in 700 mL
distilled water, 250 mL ethanol, and 50 mL acetic acid.

Washing Solution—700 mL water, 250 mL ethanol, and
50 mL acetic acid.

The staining and washing solutions are flammable. Safety
precautions must be taken if these solutions are used
outside a fume cupboard with ambient temperatures above
28 °C (Kent, 2004).

1.13 Aqueous Techniques

This section covers four commonly used agueous metal
deposition methods: those involving silver nitrate reagents,
silver physical developers, multimetal deposition pro-
cesses, and gun blueing reagents. Each of these methods
involves reagents with metal salts dissolved in an aque-
ous carrier (or an alcohol, as in the case of some silver
nitrate reagents). These reagents reveal waterresistant
latent prints such as sebaceous prints (except for the silver
nitrate reagents used on porous surfaces that target salt).
Here, the metal ions are reduced to metal particles on the
latent print residue (except for the case of latent prints on
metal, where the print residue resists the deposition).

7.13.1.1 History and Background. One of the first re-
agents used for developing latent prints on porous surfaces
was a 1-3% aqueous solution of silver nitrate, AgNO,.

It was used as early as 1891 for this purpose (Forgeot,
1891; Rhodes, 1940, p 10). Most formulations now include
an alcohol to hasten drying and to increase the wetness
(reduce the surface tension) (Lee and Gaensslen, 2001, pp
105-175). The silver ions in silver nitrate react with the chlo-
ride ions in salt (sodium chloride, NaCl) contained in the
latent print residue to form silver chloride (AgCl), a highly
insoluble salt (Ksp = 1.8x107°) (Dean, 1985).

Ag* + CF <= AgCl — K = 1K = 1K, = 5.6 x 107

formation dissociation

There are at least two reasons the silver nitrate treatment
works well on porous surfaces. One is that the precipita-
tion process is much faster than the dissolution process;
that is, the reaction to form the insoluble AgCl is quicker



than the ability of the aqueous carrier to dissolve away the
soluble NaCl salt. The second reason is that the insoluble
AgCl gets trapped within the structure or “micro-rough-
ness” (Kerr et al., 1981, pp 209-214) of the porous surface;
that is, the fresh latent print residue is in an aqueous or
semiaqueous form that soaks into the porous surface, car
rying its constituents with it.

An ethanol-based 3% (w/v) silver nitrate reagent (90%
ethanol and 10% water) develops prints on waterrepelling
surfaces such as waxed paper, cardboard with a wax finish,
and Styrofoam (Trozzi et al., 2000). Here, the ethanol is
used to reduce the dissolution of the NaCl in the fingerprint
residue, to better wet the surface (because these surfaces
are usually waterrepellent), and to give faster evaporation.
As expected, because of the low porosity of such surfaces,
developed prints on these surfaces are more fragile than
those on porous surfaces like paper and wood.

Under ordinary room light, the silver chloride gradually
converts by photo-reduction to elemental silver; however,
this is hastened with UV radiation. The most efficient
development occurs with short-wavelength UV radiation
(254 nm); however, the safer, long-wavelength UV radiation
(366 nm) also develops prints, but less efficiently (Goode
and Morris, 1983).

AgCl + hv-—=Ag + 1Cl,

The elemental silver formed is colored dark brown to

black (not a silver color). The reason for this is that the
silver deposits as an aggregate of tiny (colloidal-size) silver
particles, which makes for a highly porous surface that
traps much of the light that strikes it. The formation of dark,
light-trapping silver happens because the silver ions are
reduced very quickly.

7.13.1.2 Application (Porous and Water-Repelling Sur-
faces). The silver nitrate reagent is usually applied to speci-
mens by dipping them in the solution or by spraying the
solution on the specimens. The FBI (Trozzi et al., 2000, pp
38-39) recommends the 3% AgNO, water-based formula-
tion for porous surfaces and the 3% AgNO, ethanol-based
formulation for waterrepellent surfaces.

Champod et al. (2004, pp 153-154) recommend the 2%
AgNO, methanol-based reagent for porous surfaces. After
drying, the specimens are exposed to a high-intensity light
source, UV light, or sunlight to develop the prints. As soon
as the prints develop, they are photographed and the speci-
mens are stored in the dark. Over time, the background
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darkens because of the gradual reduction of any residual
silver nitrate in the specimens (this reduction is accelerated
if exposed to light). Rinsing the specimens after develop-
ment and then drying them in the dark does little to slow
down the background development.

Goode and Morris (1983) reported in 1983 that immers-
ing specimens in disodium ethylenediaminetetracetic acid
(Na,EDTA) complexes excess silver ions, which are then
easily rinsed away with water. Their modified silver nitrate
(MSN) procedure uses a 1% aqueous silver nitrate solution
that also contains 5% Na,EDTA and 3% K,CO,. The MSN
procedure involves (1) treating the specimens with this
modified reagent for just enough time to wet the surface,
(2) transferring them to a 1% (w/v) Na,EDTA solution and
leaving them in for 1 minute, (3) removing and washing
thoroughly with distilled water, and finally (4) placing this
in a 5% thiourea solution containing 1% KOH for about
30 seconds to 2 minutes. The first step creates the silver
chloride from the chloride ions in the latent print, and the
last step converts this to black silver sulfide. Later in 1998,
Price and Stow (1998, pp 107-110) recommended dipping
the specimens in a “stopping solution” consisting of an
aqueous solution of 40% methanol, 20% acetic acid, and
2% glycerol to suppress the further development of the
background.

7.13.1.3 Enhancement. According to Lennard and Margot
(1988, pp 197-210), weakly developed prints could be
enhanced by treating the specimens with a diluted silver
physical developer solution. The dilution factor is 1:10.
Goode and Morris (1983) discuss a radioactive enhanc-
ing method that converts a silver print to a radioactive,
B-emitting silver sulfide print, which is then imaged using
radiographic film (this image-recording process is some-
times called autoradiography or B-radiography). If the
original silver nitrate treatment did not significantly stain
the background with silver, then this method will bring
out only the developed prints with little or no interfering
background. The process, described by Goode and Morris
(1983) and reviewed by Cantu (2001, pp 29-64), involves
converting the silver in the silver image to silver bromide
(AgBr), using brominating (bleaching) methods, and then
treating this with either sodium sulfide or thiourea (where
the sulfur is radioactive *S) to convert AgBr to Ag,*S. The
process is called radioactive toning. If the MSN procedure
is used, which yields a silver sulfide print, then radioactive
thiourea is used to form Ag,®sS.
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7.13.1.4 Limitation. The major drawback of the silver
nitrate method is that the chloride ions in the latent print
residue diffuse over time, and humidity accelerates this
diffusion. This will affect the resolution (ridge detail) of the
developed print. Normally, prints no older than 1 week will
develop well; however, one should attempt to examine the
evidence as soon as possible to avoid this diffusion. Ac-
cording to Goode and Morris (1983), in an indoor environ-
ment in the United Kingdom, prints on porous surfaces last
longer (months) in the winter than in the summer (days to
weeks). However, they state that these effects depend on
factors such as the type of surface (prints last longer on pa-
per than on raw wood) and, of course, the relative humid-
ity. For this reason, the silver nitrate reagent is used now in
special cases. The silver physical developer and multimetal
deposition methods are more commonly used for water
insoluble components but do not target chlorine ions.

7.13.1.5 Use of Silver Nitrate on Metals. The discus-

sion so far has been on the use of silver nitrate on porous
and certain glossy (waterrepellent) surfaces to develop
chloride-bearing prints. Silver nitrate has also been used on
certain metal surfaces, such as cartridge cases, to develop
prints by depositing silver everywhere (giving a gray-to-
black metallic appearance) except where the latent print
sits (Olsen, 1978; Cantu et al., 1998, pp 294-298). That is,
the silver nitrate brings out “lipid-bearing prints” because
such prints protect the metal surface on which they lie
from reacting with the silver nitrate. (If chloride ions are
present in the latent print residue, silver chloride is formed;
however, the contrast of the print against the background
remains and may even be enhanced upon the reduction of
silver chloride to dark silver.) The usual reaction of the silver
ions (Ag*) with the metal surface is

nAg* + M<=nAg + M

Here, M represents the metal and M"* is a corresponding
ion. Silver is said to displace the metal M. By observing
the placement of the silver in the electromotive series (see
Table 7-4), we see that silver can displace copper, iron,
nickel, zinc, lead, and aluminum.

2Ag* + Cu==2Ag + Cu?>* E° =458 mV

redox

3Ag* + Al=3Ag + Al** E°__ =2461.6 mV

redox

Here, for example, E° . (Ag*/Ag; Cu/Cu®) = E°_ (Ag* +
e -~ Ag) + E°_ (Cu-—=Cu?* + 2¢7) is computed from the
standard reduction potentials (Table 7-4) (Dean, 1985;

Weast, 1986). A positive value of E°__ indicates that the

redox

redox
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redox reaction is thermodynamically favorable but does
not say anything about the rate or speed of the reaction.
Another consideration is that these metals oxidize, some
more readily than others, and this creates an oxide film on
the metal surface. If a print was placed before the metal
oxidized, the print may naturally show up, given enough
time (some refer to this as the “print getting etched” on
the metal). However, if it was placed after the oxide film
formed, it is often difficult for the silver nitrate reagent to
further oxidize the metal in this oxide film; thus, the depo-
sition of silver and subsequent development of the print
may occur but not as readily. The formation of a protective,
impermeable oxide layer is called passivation (Atkins, 1990,
p 927).

Table 74

Standard reduction potentials of several ionic and
molecular species.

(E°) in mV Half Reaction_
Standard Potential
H,0, + 2H*+ 2e~~2H,0 + 1776
Au®t + 3e==Au + 1498
2Cl, + 2e~~-2CI + 1358
2OC()I|I-‘|7+ H,0 + 2e~-CI + 3810
Agt + e=—=Ag + 799.6
Fe® + e=—Fe?* + 771
géSf;::(;H* + de - + 740
e
Cu? + 2e~=Cu +341.9
porzo
2H* + 2e"—H, 0.0
Fe®* + 3e~—Fe - 37
Pb* + 2e~-Pb -126.2
Ni2* + 2e=~—=Ni - 257
Fe?* + 2e-—Fe — 447
Zn* + 2e~=27Zn —-761.8
AR + 3e~—Al - 1662




7.13.2.1 History and Background. The silver physical
developer originated in photographic chemistry as an
alternate method to the chemical developer for developing
film (Cantu, 2001, pp 29-64; Bunting, 1987 p 85; Cantu and
Johnson, 2001, pp 242-247). Exposing silver bromide or
silver iodide crystals to light causes specks of silver to form
on the crystal surface (Walls and Attridge, 1977 pp 104-
108). These become “developing centers” (or “triggering
sites”) for either chemical or physical development. A silver
physical developer deposits silver on exposed silver bro-
mide crystals, whereas a chemical developer reduces the
exposed silver bromide to silver. The fixing bath, in the for
mer case, removes the unexposed silver bromide crystals
and also the exposed silver bromide crystals (leaving behind
the silver deposited on them) whereas, in the latter case,

it only removes the unexposed silver bromide because the
exposed silver bromide has been converted to silver.

Because of this process, the silver physical developer soon
became known as one of the most sensitive reagents for
detecting trace amounts of silver (Feigl and Anger, 1972,
pp 423-424). Latent print examiners (Collins and Thomas)
in the United Kingdom recognized this during the early
1970s (Goode and Morris, 1983) and applied it first to prints
submitted to vacuum metal deposition. Then they expand-
ed its use to other substances like fabrics and paper. It
was found early on that the silver physical developer works
better on porous than nonporous surfaces. Also, no one
really knew which substances in latent print residue were
responsible for causing the silver physical developer to
work. That is, no one knew what was in fingerprint residue
that acted as a developing center or triggering site (like the
silver specks). It was not until recently that some plausible
or reasonable explanations emerged.

A silver physical developer is an aqueous solution containing
silver ions and a reducing agent that reduces the silver ions
to silver, but it also contains two other sets of chemicals:
one set keeps the reducing agent from reducing the silver
ions to elemental silver unless a “triggering substance” is
present (e.g., exposed silver bromide crystals in photograph-
ic film), and the other set keeps the solution stable. The first
set suppresses the reducing ability of the reducing agent to
the point that reduction occurs only when triggering sites
are present. It, therefore, suppresses the formation of
elemental silver in solution. However, due to this delicate
balance, some spontaneous reduction occurs whereby
colloidal-sized silver particles (nanoparticles) are formed in
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solution and, because these are triggering sites (i.e., they
are silver specks), they grow. They grow in an autocatalytic
way; that is, the silver that is formed triggers the reduction
of more silver. Thus, the second set of chemicals suppress-
es this growth.

The silver physical developer currently used for latent print
development on porous surfaces contains silver ions (silver
nitrate) and ferrous ions (ferrous ammonium sulfate) as

the principal components; citric acid and ferric ions (ferric
nitrate) as the set of chemicals that suppress the forma-
tion of spontaneously formed colloidal silver particles; and
a cationic and non-ionic surfactant as the set of chemicals
that suppress the growth of such particles.

The net equation for the silver-deposition reaction is

Ag* + Fe?* -—= Ag+Fe* — — E°  =286mV

redox

E° . is computed from Table 7-4.

redox

Adding citric acid reduces the concentration of ferric

ions through the formation of ferric citrate and shifts the
equilibrium of Ag* + Fe** — Ag + Fe®* to the right (forming
elemental silver),

Fe* + H,Cit — FeCit + 3H* - — K =0.398at 25 °C

formation

However, for every ferric citrate molecule formed, three
protons are released and these drive the equilibrium to the
left (suppression of the formation of elemental silver). The
overall reaction is

Ag* + Fe?* + HCit - Ag + FeCit + 3H* E°_, =5.0mV

red

Thus, adding citric acid reduces the E°redox from 28.6 mV to
5 mV. This reduction facilitates adjusting the concentrations
of the components (citric acid and the ferric, ferrous, and
silver salts) so that the reduction of silver ions to elemental
silver nanoparticles occurs only on the triggering sites and
not in solution. However, even with this suppression of
their formation rate, those that do form become nucleat-
ing (triggering) sites for further deposition of silver (the
process is autocatalytic) and consequently grow until they
precipitate. This will eventually deplete most of the silver
ion solution (depending on the concentration of ferrous
ions initially present).

To bring stability to the solution, the silver particles formed
must somehow have their triggering ability blocked. This is
where surfactants become important.
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When silver nanoparticles are spontaneously formed,

they get surrounded by citrate ions (each of which car

ries three negative charges) in solution and thus acquire a
negative charge. The main surfactant used to suppress the
growth of any spontaneously formed silver nanoparticles
is a positively charged cationic surfactant, n-dodecylamine
acetate. The reason for choosing a cationic surfactant is
that it helps suppress the negative charge of the silver
nanoparticles formed. This will then reduce the attraction
of positive silver ions toward the particles and thus reduce
the possibility of their growth (by the reduction of silver on
their surface). The cationic surfactant surrounds the nega-
tively charged silver particle in a staggered way, with as
many positive ends pointing toward the particle as pointing
away from the particle (Cantu, 2001, pp 29-64; Cantu and
Johnson, 2001, pp 242-247; Jonker et al., 1969, pp 38-44).
This surfactant-encapsulated particle is said to be encased
in a micelle. A non-ionic surfactant, Synperonic-N, is used
in conjunction with n-dodecylamine acetate to aid the dis-
solution of the latter.

On exposed photographic film or paper, the silver physical
developer works by reducing its silver ions on the silver
specks (nucleating sites) found on the surface of exposed
silver bromide crystals and nowhere else. Being an auto-
catalytic process, the deposition of silver on the nucleating
sites continues until it is stopped, for example, by remov-
ing the sample from the solution and rinsing it with water.
The surfactant-stabilized silver physical developer remains
stable and active for several weeks. If silver ions come

in contact with hydroxyl ions, insoluble silver hydroxide
(AgOH) is formed, which converts to brownish-black silver
oxide (Ag,0). Today, most paper is alkaline (basic) because
it contains calcium carbonate (CaCQO,) as filler. When wet,
it is basic and will turn black when dipped in a silver nitrate
solution and will dry to a brownish-black color. Consequent-
ly, alkaline paper must be neutralized before submitting

it to silver physical development. Any acid that does not
furnish chlorides (which react with silver to form insoluble
AgCl) will neutralize the CaCQO,. The neutralization reaction

involves the release of carbon dioxide bubbles:
CaCO, +2H* — Ca? + H,0 + CO, (gas)

The following are the rudiments of some concepts that
help explain how the silver physical developer visualizes
latent prints on porous surfaces.

The Charge of Latent Print Residue (at low pH). It is for-
tuitous that the silver physical developer is acidic, with a
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pH of about 1.38 because this helps explain why it works

in developing latent prints on porous surfaces. It is known
(Saunders, 1989) that when latent print residue (on a porous
or nonporous substrate) is immersed in a colloidal gold solu-
tion of pH < 3, colloidal gold nanoparticles selectively de-
posit on the residue. This suggests that at pH < 3, the latent
print residue acquires a positive charge. It is also known
that colloidal gold at low pH is used to “stain” proteins and
this happens because, at low pH, the amine groups (e.g.,
R-NH,) in proteins acquire a positive charge upon proton-
ation (R-NH_*). Therefore, one possibility is that latent print
residue contains proteins that initially were dispersed in la-
tent print residue but, after drying, became nondispersible.
It is also known that alkenes (olefins) can acquire a positive
charge in an acidic environment (either a carbonium ion or a
protonated alcohol is formed). Therefore, another possibility
is that latent print residue contains olefins.

The Surface Area of Proteins in Porous Surfaces and Their
Binding to Cellulose. It was recognized early on that the
silver physical developer works best on porous surfaces,
particularly cellulose-based surfaces such as paper and
cardboard. When latent print residue is placed on such
surfaces, the surfaces’ porosity causes the residue to pen-
etrate and thus cover a large surface area; this then
exposes more nucleating (triggering) sites for silver physi-
cal development than if it did not spread out (as in a non-
porous surface). Furthermore, if amines are present (as in
proteins), they can form hydrogen bonds with the hydroxyl
groups in the cellulose.

The Deposition of Silver Particles on Latent Print Residue.
In the silver physical developer, a newly formed silver
nanoparticle is negatively charged (due to adhered citric
acid ions) and attracts the positive amine “head"” (R-
NH,*) of several surfactant molecules, which eventually
envelop the entire particle (in the staggered configuration
mentioned above). However, the nanoparticle also gets
attracted to the positively charged latent print residue.
Once one of these nanoparticles reaches the residue, it
gets neutralized. The avalanche of silver particle deposition
occurs on this initial particle (because each silver particle
is now a nucleating site—the autocatalytic effect) and it
grows. The final result is an agglomeration of numerous
"grown" particles (about 10-40 pm in diameter) along the
latent print residue.

Formulation. The formulation of the silver physical devel-
oper reagent provided in Section 7.14 is the original British



formulation (Kent, 1998), which is very close to the Dutch
formulation (Jonker et al., 1969, pp 38-44) used in the
photofabrication of circuit boards. The procedure for visual-
izing prints on porous surfaces, however, involves three
steps: a pretreatment step, the silver physical development
step, and a post-treatment step.

Other formulations for the silver physical developers exist
(Cantu, 2001, pp 29-64), but one that is currently used by
many is based on using high-purity water, such as that pro-
duced by water purification units that use reverse osmosis
and deionizing technologies (the water is referred to as RO/
DI water). By using such water, less detergent is needed
(2.8 g of each, instead of 4.0 g) (Kent, 1998), although the
performance is adversely affected. However, Burow et al.
(2003, pp 1094-1100) showed that one can also reduce the
amount of several other components and end up with a
reagent that performs as well or better than the traditional
reagent (it does, however, involve adding malic acid to the
reagent); the cost reduction is about 16%. Seifert, Burow,
and Ramotowski (from the U.S. Secret Service forensic
laboratory) showed (unpublished results) that Tween 20 can
be used instead of Synperonic-N.

The hypochlorite step is an enhancing step. It does two
things: it lightens (bleaches) the paper and darkens the sil-
ver print. The print becomes darker through the formation
of silver oxide (OCI + 2Ag-—Ag,O + Cl- E°redox =550 mV,
see Table 7-4). Other enhancement methods are treated
by Cantu (2001, pp 29-64) as well as bleaching methods.
One bleaching method, used successfully in bringing

out a developed print found on highly patterned printing,
converts the silver print to a whitish silver iodide print and
darkens the background through the starch—iodine reaction
(Cantu et al., 2003, pp 164-168).

7.13.2.2 Application. The procedure for using the silver
physical developer involves three treatments in sequence
and in the same glass tray. The latter point is important in
that it simplifies the process and saves time. It is based on
the fact that residual reagent from one treatment does not
affect the performance of the next treatment. The three
treatments are the acid pretreatment, the silver physical
developer treatment, and the hypochlorite post-treatment.
Occasionally, a distilled water pretreatment precedes these
to remove any dirt or soil from the specimens. This, as well
as the other treatments, removes any prints developed
with ninhydrin, and writing or printing made with watersol-
uble inks (e.g., some roller ball pen inks and inkjet printing
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inks). Also, a tap water post-treatment is done between
the silver physical development and the hypochlorite post-
treatment. Again, all this is done in one glass tray.

Water Pretreatment—This is designed to remove dirt and
soil, if present.

Acid Pretreatment—This reacts with calcium carbonate
in alkaline paper, causing release of carbon dioxide as
bubbles, and neutralizes the paper.

Silver Physical Developer Treatment—This is done in sub-
dued light to avoid the photo-reduction of silver ions to
elemental silver (which results in background development
and weakens the reagent). The tray is rocked back and
forth; within 10 minutes, prints begin to develop and con-
tinue with increasing contrast. Good development occurs
within 10-30 minutes.

Water Post-Treatment—This is done with running tap water
for about 5 minutes to remove excess silver physical devel-
oper (and any silver chloride that may form).

Hypochlorite Post-Treatment—The treatment time is about
2-3 minutes. This lightens the background and darkens the
silver print.

Washing and Drying—The specimens are washed in tap
water and dried (e.g., by using a photodryer or by airdrying
on blotter paper).

7.13.3.1 History and Background. In the late 1980s, Dr.
George Saunders, then with the Los Alamos National Labo-
ratory in Los Alamos, NM, visited the U.S. Secret Service
forensic laboratory to share ideas about techniques for
latent fingerprint development. He presented a novel idea
that he initially called a Universal Process for Fingerprint
Detection and later, because it involved the deposition of
two metals, the multimetal deposition (MMD) method. He
based his idea on an existing method used for staining pro-
teins, antibodies, and other macromolecules (e.g., proteins
separated on membranes or gels). This method involved
staining with colloidal gold (whereby colloidal gold binds to
the macromolecule) and enhancing (or amplifying) this gold
“signal” or stain with a silver physical developer.

The binding of colloidal gold to proteins was first observed
in 1939 by Kausche and Ruska (1939, pp 21-24). In 1971,
Faulk and Taylor (1971, pp 1081-1083) used this property
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to bind rabbit anti-Salmonella antiserum, and the result-
ing coated colloid was then used to label the surface of
Salmonella bacteria. The labeling mechanism was detect-
able through the electron microscopic image of the gold.
In 1983, DeMey (1983, pp 82-112) used uncoated gold to
directly stain proteins on membrane surfaces. Also in 1983,
Holgate et al. (1983, pp 938-944) showed that a gold stain
can be intensified with silver staining. They basically rec-
ognized that gold colloids are (1) highly negatively charged
particles that bind to many macromolecules and (2)
activation (triggering) sites for silver physical development.
The colloidal gold particles acquire their negative charge
through the adsorption of citrate ions (each carries three
negative charges) on their surface (the citrate ions come
from the sodium citrate used in the formulation).

Saunders knew that fingerprint residue contains macromol-
ecules like proteins and lipoproteins and, therefore, should
be able to be visualized through the staining and enhanc-
ing ability of the colloidal gold and physical developer
technique. He formulated his own colloidal gold solution
using the Frens method (Frens, 1973, pp 20-22) and silver
physical developer. He called the latter the modified physi-
cal developer to distinguish it from the traditional silver
physical developer used to visualize latent prints on porous
surfaces. By formulating his own reagents, he was able to
optimize them. The process was soon found to visualize
latent prints on porous and nonporous surfaces; the latter
includes surfaces like glass, metal, ceramic, and plastic,
whether they are dark or light.

Thus, the MMD process is basically a silver physical devel-
opment process that is preceded by a colloidal gold treat-
ment; the gold treatment provides the latent print residue
with the nucleating sites (gold colloids) for silver physical
development. Like the silver physical developer, the MMD
process develops the waterinsoluble components of latent
print residue (e.g., the sebaceous portion of the residue).

For visualizing latent prints on porous surfaces with the
MMD process, Saunders provided two important com-
ments for the users. One is that, on porous surfaces,
extensive rinsing must be done after the colloidal gold
treatment to reduce possible background development.
This is because colloidal gold particles get trapped in

the pores and become triggering sites for silver physical
development. The other is that the zinc salt treatment,
sometimes done after the ninhydrin process, should be
avoided. Divalent ions such as Zn?* have a tendency to bind
to colloidal gold and, therefore, trapped divalent ions in the
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surface's pores attract the colloidal gold particles and the
entire surface is subject to silver physical development.

7.13.3.2 Formulation (MMD). The MMD process involves
two reagents used in sequence: the colloidal gold solution
and the modified silver physical developer.

There are two points of note regarding the modified silver
physical developer: One is that Tween 20, a non-ionic
surfactant, is used instead of a more stabilizing cationic
surfactant. Cantu and Johnson (2001, pp 242-247) specu-
late that this may be because a cationic surfactant would
surround bound gold particles (that still carry some nega-
tive charge) and therefore hinder the physical development
process on them. The second point is that the silver ion
concentration of the working solution is only 0.2%, and
this is apparently low enough that no “blackening” (forma-
tion of silver oxide) occurs on the surface of alkaline (basic)
paper. Thus, no acid pretreatment is needed to neutralize
such paper (which normally contains calcium carbonate).
The colloidal gold solution has a pH of about 2.8 and,
therefore, causes some neutralization of such paper, but
the divalent calcium ions that are generated apparently do
not significantly destabilize the gold solution (they may on
the surface where they are formed). Examples of latent
prints developed (on a variety of surfaces) using the MMD
process are found in Figure 7-23.

7.13.3.3 Formulation (MMD lI). In 1993, Dr. Bernard
Schnetz presented his work, carried out at the Institut de
Police Scientifique et de Criminologie of the University of
Lausanne, on biochemical techniques for amplifying
colloidal gold-treated latent prints. He treated latent prints
with colloidal gold, attached a protein to the colloidal gold
particles (already bound to latent print residue), and
amplified these with enzymes or stains that form colored
or fluorescent products (Schnetz, 1993). In 1997 he
reported on an update to this work and also on his variation
of the multimetal deposition (MMD Il) process (Schnetz,
1997), and in 2001, he and Margot published their work on
its optimization (Schnetz and Margot, 2001, pp 21-28). Like
the MMD process, this is a two-step process, but it uses
siliconized glassware, colloidal gold with a particle size of
14 nm diameter (compared to 30 nm for the Saunders
colloidal gold), and a silver physical developer quite
different from the Saunders modified silver physical
developer.

Dr. John Brennan, recently retired from the Forensic Sci-
ence Service (London, U.K.), has successfully used the



-

MMD and MMD Il processes on several evidence types
and tends to favor the MMD Il (J. Brennan, private commu-
nication). Dr. Naomi Jones presented her doctoral thesis
several metal deposition methods; she also found that the
MMD Il process surpassed the MMD process in perfor-
mance (Jones, 2002).

7.13.4 Gun Blueing Reagents

7.13.4.1 History and Background. Gun blueing is used

to refinish gun barrels with a bluish sheen. One is warned
not to leave fingerprints on the barrel because the gun
blueing solution will not work there (Angier, 1936, p 6).
The Bundeskriminalamt (BKA) in Germany discovered that
this was also true on bullet cartridges (Cantu et al., 1998,
pp 294-298). Thus was the birth of gun blueing solutions
for visualizing latent prints on metal surfaces, particularly
those of bullet cartridges.

7.13.4.2 Metal Deposition and Etching. Gun blueing of
metals involves the simultaneous deposition of two met-
als, selenium and copper, on a metal surface. The bimetal
deposited is blue-black in color.

As discussed previously for silver nitrate, the sebaceous
print resists the deposition, and silver deposits (as a gray-
to-black metal) everywhere, except where the fingerprint
exists. To be more precise about what is occurring, we
should note that the deposition process is always accom-
panied by an etching process. For silver on copper, silver
ions deposit (the deposition or reduction process) as cupric
ions are removed (the etching or oxidation process). There
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FIGURE 7-23

Latent prints visualized by the MMD
process on a variety of surfaces.

Top left: revolver cartridge case.

Top middle: adhesive side of black
Mylar tape. Top right: adhesive

side of heavy-duty strapping tape.
Middle: plastic and metal surfaces of
a computer disk. Bottom left: paper
label of computer disk. Bottom right:
plastic credit card. Notice that the
developed prints appear dark on
light-colored surfaces and light on
dark-colored surfaces.

are, however, etching processes that do not involve metal
deposition (e.g., etching with acidified hydrogen peroxide)
(Cantu et al., 1998, pp 294-298), and these processes are
also hindered by sebaceous material.

Other one-metal deposition methods for revealing latent
prints on cartridge cases include the use of palladium (Mi-
gron and Mandler, 1997, pp 986-992) and selenium (Bent-
sen et al., 1996, pp 3-8). Besides showing that palladium
can reveal sebaceous prints on metal, Migron and Mandler
did an extensive analytical study of how the deposition
process works on brass surfaces containing sebaceous
prints. The work by Bentsen and colleagues on the deposi-
tion of selenium is similar to what gun blueing does and is,
therefore, discussed below, along with gun blueing.

7.13.4.3 General Composition. There are several manufac-
turers of gun blueing solutions, and no two solutions have
exactly the same formulation, but all contain the three nec-
essary active ingredients: selenious acid, a cupric salt, and
an acid. An acidified solution of selenious acid is a relatively
strong etching (oxidizing) reagent, as noted by the oxidation
potential (Table 7-4):

H,SeO, + 4H* + 4e~ .- Se +3H,0 E’=+740mV

Note that acid (H*) is needed, and this is why the blueing
solution also contains an acid. Table 7-4 shows that an
acidic solution of selenious acid can oxidize and etch cop-
per, lead, nickel, zinc, and aluminum. A solution of cupric
ions is also a strong etching (oxidizing) reagent capable of
oxidizing lead, nickel, zinc, and aluminum.
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As each of these reagents etches, the metal ions get de-
posited on what is etched. For example, on aluminum, the
oxidation and reduction (etching and deposition) reaction is

3H,Se0, + 12H* + 4Al--=3Se + 9H,0 + 4AP*

E° . =2402mV

redox

3Cu? + 2Al-=3Cu + 2AB* E°  =2003.9 mV

redox

If both reagents are present together, as in the gun blueing
solution, then the ratio of Cu to Se that deposits depends
on the speed (kinetics) of each of the two competing reac-
tions; it is possible that a 1:1 Cu-Se alloy is formed, but it is
not certain. The final result is a blue-black metallic coating
(everywhere except where a sebaceous latent print exists).

The composition of some gun blueing solutions is given in
Table 7-5. Note that all involve selenious acid (one involves
selenium dioxide, which is the anhydrous form of selenious
acid), a cupric salt, and an acid. Interestingly, Bentsen et al.
(1996, pp 3-8) used a 0.4% selenious acid solution (with-
out cupric ions or acid) to develop prints on metal surfaces
such as spent cartridge cases. This deposits selenium
metal on the metal being treated and this solution, along
with the vacuum cyanoacrylate ester treatment, was rated
highly among other methods tested.

7.13.4.4 Formulations. Cantu et al. (1998, pp 294-298)
recommend a 1:80 dilution of a commercial gun blueing
solution. Leben and Ramotowski (1996, pp 8, 10) recom-
mend a stronger solution (a 1:40 dilution) and indicate that
an improvement over just using the diluted gun blueing
reagent is to treat the metallic specimens first (e.g., car
tridge cases) with CA fumes. Table 7-6 is a summary

of their recommendations.

7.13.4.5 Application. Since its introduction by the BKA,
gun blueing is now used in several laboratories because of
its ease. As mentioned above, a CA ester treatment prior
to gun blueing improves the detection of latent prints on
metal. After treatment, there is a tendency for the gun
blueing solution to continue its deposition, and several
arresting methods have been proposed (Cantu et al., 1998,
pp 294-298). These include dipping in a sodium bicarbon-
ate solution, dipping in clear varnish (Bentsen et al., 1996,
pp 3-8), applying a lacquer spray (private communication
from Anton Theeuwen and Josita Limborgh, Netherlands
Ministry of Justice, Forensic Science Laboratory), and us-
ing fingernail polish (private communication from Vici Inlow,
U.S. Secret Service forensic laboratory).
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If overdevelopment occurs, then acidified hydrogen perox-
ide is recommended for removing excess gun blue deposit
(Cantu et al., 1998, pp 294-298). If we assume the copper—
selenium alloy is a 1:1 adduct, then the net reaction for its
removal is

3H,0, + 2H* + Cu-Se~—=H,SeO, + Cu** + 3H,0

A suggested composition for the acidified hydrogen perox-
ide solution is 5 volumes of household vinegar (5% acetic
acid) and 7 volumes of household hydrogen peroxide (3%
hydrogen peroxide). This is based on stoichiometry of the
above equation. However, a 1:1 mixture also works well.

7.13.4.6 Comments on Etching. Etching without metal
deposition can also reveal prints on metal surfaces by the
contrast formed between the etched background and the
unetched latent print. From Table 7-4 it can be seen that
acid can displace iron, lead, nickel, zinc, and aluminum.
Acidified hydrogen peroxide, however, will also displace
copper. Cantu et al. (1998, pp 294-298) noted that acidified
hydrogen peroxide visualizes prints rather well on many
metal surfaces. They provide a lengthy discussion and
explanation of why the etching process should be care-
fully watched: the metals that are etched out as ions can
redeposit as the process continues.

Schitz et al. (2000, pp 65-68) compared etching and gun
blueing methods with the multimetal deposition method
on their ability to develop latent prints on cartridge cases.
They found that (1) gun blueing excelled in visualizing se-
baceous prints on brass cartridge cases, (2) for aluminum
cartridge cases, MMD worked best (the modified physical
developer step, performed after the colloidal gold step,
brought out the print contrast), and (3) nothing worked
well for lacquered steel cartridge cases. For the latter, they
recommend CA fuming.

7.13.5.1 History and Background. Sudan black B (herein
referred to as Sudan black) was initially used in laboratories
for biological testing or chemical screening for fatty com-
ponents (Figure 7-24). The reaction produces a blue-black
product or image. Sudan black was initially reported for
use as a friction ridge development technique in 1980 by
Mitsui, Katho, Shimada, and Wakasugi of the Criminal Sci-
ence Laboratory in Nagoya-shi, Japan (Mitsui et al., 1980,
pp 9-10; 1981, pp 84-85).
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Table 7-5

Composition of some gun blueing solutions*

Manufacturer

Birchwood-Casey

Brownells

Outers

E.
Kettner

Trade name

Perma Blue
Liquid Gun
Blue PB22

Perma Blue
Immersion

Blue PBIM

Perma Blue
Paste Gun

Blue SBP 2

Super Blue
Extra

Strength

Brass Black
Metal
Touch Up
BB2

Aluminum
Black PAB
17

Formula
44/40
Instant Gun

Blue

Gunslick

Gun Blue

Waffen-

Brinierung

Used for

Steel

Steel

Steel

Steel

Brass,
Bronze,
Copper

Aluminum

Steel

Steel

Steel

Selenium

Selenious Acid

Compounds

Selenium
Dioxide

Cupric Chloride

Cupric Salt

Cupric Nitrate

Cupric Sulfate

Zinc Salt

Zinc Sulfate

Nickel Salt

Nickel Sulfate

Hydrochloric

Nitric

Acid

Phosphoric

Fluoboric

Amido sulfonic

12

Solution pH (d

ilution factor)

2.3 (1/40)

N/A(1/40)

2.3 (1/80)

2.3 (1/40)

2.3 (1/80)

1.8 (1/80)

3.3 (1/40)

2.3 (1/80)

Polyethylene
Stearyl Ether

Octylphenoxy
Polyethoxyethanol

Other

Ammonium
Molybdate

Ammonium

Bifluoride

*All concentrations are as maximum percent. Except for pH, all information is obtained from Material Safety Data Sheets.
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Table 7-6

Summary of recommended protocols for treating cartridge cases.

Nickel Plated Brass Brass Black

1TmLGBin40 mL
distilled water

Other solutions also worked well
on these casings.

Lacquered Steel Super Glue Only

None of the gun blue solutions
produced identifiable detail.

Sudan black is a dye stain used for the detection of
sebaceous components of friction ridge skin residue on
nonporous and some semiporous substrates (e.g., latex
gloves and some ceramics) (Figure 7-25). This dye stain
also detects friction ridge skin detail where the friction
ridge skin or the substrate has been contaminated with
grease, food residue, or dried deposits of soda or sweet-
ened (e.g., by fructose or sucrose) drinks. It has also been
used to enhance friction ridge detail previously treated by
the CA fuming technique.

The color and porosity of the substrate will need to be
considered. Porous substrates tend to absorb the dye, re-
sulting in a lack of contrast between the friction ridge detail
and the item background. Because of the blue-black color
of the dye stain, there will be a lack of contrast between
the friction ridge detail and dark-color items. It is recom-
mended that other processing techniques be used on
these items (Stone and Metzger, 1981, pp 13-14).

Dried Sudan black-processed prints have been lifted using
conventional lifting tape (as used with the powder process-
ing technique). It has been successful on waxy coated,

FIGURE 7-24 N=—N
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glossy, and smooth substrates. However, it has been less
successful on heavily contaminated, uneven, and semipo-
rous substrates.

7.13.5.2 Validation of Reagent and Application Tech-
nique. As in the application of all reagents and processes,
it is suggested that the Sudan black solution be validated
before use. To validate the solution, contaminate a nonpo-
rous substrate with the targeted matrix (e.g., sebaceous-,
grease-, fructose-, sucrose-, or food-contaminated friction
ridge detail or material), then apply the Sudan black solu-
tion to the substrate in the manner noted below. If no reac-
tion is observed, the solution or the validation matrix will
require further evaluation. It is sound practice to be familiar
with the application technique and the reaction(s) with the
substrate and matrix before applying them to evidence.

Review the material safety data sheets for safety, handling,
and storage information.

7.13.5.3 Reagent Solution. The reagent solution con-
sists of 15 g of Sudan black dissolved in 1 L of ethanol or
methanol, creating a blue-black color solution, which is

NH  CH,
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FIGURE 7-25

then added to 500 mL of distilled water and stirred until

completely mixed. The shelf life of the solution is indefinite.

7.13.5.4 Sequential Methodology and Processing
Technique. Before processing with sudan black, view the
item with a forensic light source to detect any inherent
fluorescence of the friction ridge residue or the substrate.
Photograph any visible detail.

e Place the Sudan black solution in a clean glass or metal
dish, pouring in a sufficient amount to submerge the
item being processed. The solution can also be applied
by spraying. It is recommended that the immersion
technique be used to prevent inhalation of airborne
particulate spray.

e Allow item to be immersed in the solution for approxi-
mately 2 minutes. If the item has been previously pro-
cessed using the CA fuming technique, the item may
require longer immersion time in the solution.

e Rinse item under cool or cold, slow-running tap water,
or place item in a clean dish containing cool or cold
water until excess dye is removed from the background.

e Allow item to dry at room temperature.

e View the developed blue-black image; faint images have
been improved by a second treatment with the Sudan
black solution (follow the previous application steps). It
is suggested that the item be viewed with a forensic
light source after Sudan black processing because the
background may fluoresce, creating enhanced contrast.

e Any developed images will need to be photographed for
comparison, documentation, and archival purposes.

Sebaceous friction ridge detail on a plastic
substrate processed with sudan black.

7.14 Formulations for
Chemical Solutions

7.14.1 Ninhydrin (Kent, 1998; Champod et al.,
2004, p 239)

Stock Solution: 25 g ninhydrin dissolved in 225 mL absolute
ethanol, 10 mL ethyl acetate, 25 mL glacial acetic acid.

Working Solution: 52 mL of stock solution diluted to 1000
mL with HFE 7100.

7.14.2 Zinc Chloride Solution (Champod et al.,
2004, p 240)

Stock Solution: 8 g zinc chloride dissolved in 180 mL etha-
nol, 20 mL glacial acetic acid.

Working Solution: 6 mL of stock solution diluted to 100 mL
with carrier solvent (e.g., HFE 7100).

7.14.3 1,8-Diazafluoren-9-one (DFO)
(Kent, 1998; Champod et al., 2004, p 230)

0.25 g of DFO dissolved in 30 mL methanol and 20 mL
glacial acetic acid. Add this to 725 mL HFE 7100 and 275
mL HFE 71DE.

7.14.4 Nonpolar Ninhydrin (Stimac, 2003a,
pp 185-197)

Stock Solution: 1.5 g ninhydrin dissolved in 100 mL HFE
71IPA (may require refluxing at low temperature).

Working Solution: 15 mL of stock solution diluted with 100
mL HFE 7100.
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0.25 g 1,2-indanedione dissolved in 90 mL ethyl acetate
and 10 mL glacial acetic acid. Add this to 1 L of HFE 7100
(Merrick et al., 2002, pp 595-605).

or

2 g 1,2-indanedione dissolved in 70 mL ethyl acetate. Add
this to 1 L HFE 7100 (Almog et al., 1999, pp 114-118).

1.7 g 5-MTN dissolved in 52.5 mL ethyl acetate, 50 mL
methyl tert-butyl ether, 12.5 mL absolute ethanol, and 5
mL glacial acetic acid. Add this to 360 mL HFE 7100.

4-5 g INON dissolved in 15 mL ethyl acetate, 5 mL isopro-
panol, and 980 mL HFE 7100.

Dissolve 30 g silver nitrate in 1 L distilled water.
or

Dissolve 30 g silver nitrate in 100 mL distilled water and
add to 1 L ethanol.

Acid Pretreatment: 30 g of maleic acid is dissolved in 1 L
distilled water. Indefinite shelf life.

Stock Solution #1: 30 g ferric nitrate nonahydrate dissolved
in 900 mL distilled water. 80 g ferrous ammonium sulfate
hexahydrate dissolved in this solution. 20 g anhydrous
citric acid dissolved in this solution. Shelf life may be
several months.

Stock Solution #2: 4 g n-Dodecylamine acetate dissolved
in 1 L distilled water. 4 g (4 mL) Synperonic N added to this
solution. Indefinite shelf life.

Stock Solution #3: 20 g silver nitrate dissolved in 100 mL
distilled water. Indefinite shelf life.
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Working Solution: 900 mL stock solution #1. Add 40 mL
of stock solution #2 and stir for 5 minutes. Add 50 mL
of stock solution #3 and stir for 5 minutes. Shelf life is
1-2 weeks.

Hypochlorite Post-Treatment Solution: 100 mL of
household chlorine bleach (~6% NaOCI) is mixed with
100 mL water.

Colloidal Gold Solution

Stock Solution #1: 10% (w/v) tetrachlorauric acid
(HAUCI,.3H,0) in high-purity (RO/DI) water.

Stock Solution #2: 1% (w/v) trisodium citrate (Na,Cit.2H,0)
in high-purity water.

Stock Solution #3: 0.5 M (10.5% wi/V) citric acid (H,Cit.H,0)
in high-purity water.

Stock Solution #4: 1% Polyethylene glycol.

Working Solution: Add 1 mL of stock solution #1 to 1 L of
high-purity water and bring to a boil. Rapidly add 10 mL

of stock solution #2 and boil gently for 10 minutes. Add 5

mL of Tween 20 (or Tween 80) and mix well. Add 10 mL of
stock solution #4 to the cooled solution and adjust the pH
to 2.7 using stock solution #3. Restore total volume to 1 L
with high-purity water. Shelf life is 3 months.

Modified Silver Physical Developer Solution

Stock Solution #1: Dissolve 33 g ferric nitrate nonahydrate
in 1 L of high-purity water. Add 89 g of ferrous ammonium
sulfate hexahydrate to the solution. Add 22 g of citric acid
to the solution. Add 1 mL of Tween 20 to the solution.

Stock Solution #2:20% (w/v) silver nitrate in high-purity
water.

Working Solution: Add 1 part of stock solution #2 to 99
parts of stock solution #1. Only stable for 15 minutes.

Application

Prewashing: Porous items should be washed several times
in high-purity water.



Colloidal Gold: Soak items in colloidal gold solution for
30-120 minutes, but avoid overdevelopment.

In-Between Rinsing: Rinse items in high-purity water. For
porous items, use several water changes for 15 minutes
or more.

Silver Physical Developer: Place items into freshly made
solution. Silver amplification occurs within 10-15 minutes.

Postwashing: Rinse with tap water. Air dry.

Silanization of Glassware

Soak glassware for 8 hours in 10% Extran MA 01 alkaline
liquid (Merck). Rinse with high-purity hot water, then high-
purity cold water. Dry in an oven at 100 °C. Soak for 5 sec-
onds in 2% (v/v) 3-aminopropyltriethoxysilane in acetone.
Rinse twice with acetone, then water. Dry in an oven at
42 °C for 8 hours.

Colloidal Gold Solution

Stock Solution #1: 10% (w/v) tetrachlorauric acid in high-
purity water.

Stock Solution #2: 1% (w/v) sodium citrate in high-purity
water.

Stock Solution #3: 0.5 M citric acid in high-purity water.

Stock Solution #4: 1% (w/v) tannic acid in high-purity water.

Working Solution #1: Add 0.5 mL of stock solution #1 to
400 mL of high-purity water. Heat to 60 °C.

Working Solution #2: Add 20 mL of stock solution #2 and
0.1 mL of stock solution #4 to 75 mL of high-purity water.
Heat to 60 °C.

Once both solutions reach 60 °C, rapidly add working solu-
tion #2 to working solution #1 and mix vigorously. Heat the
mixture to boiling, cool, and adjust to 500 mL with high-
purity water. Solution can be stored in a plastic bottle at

4 °C. Before use, bring to room temperature, add 0.5 mL
Tween 20 (or Tween 80), and adjust pH to 2.7 with stock
solution #3.
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Silver Physical Developer Solution

Stock Solution #1: 24 parts 25.5% (w/v) citric acid solution, 22
parts 23.5% sodium citrate solution, and 50 parts high-purity
water. Adjust to pH 3.8 with additional citric acid or sodium
citrate solution.

Stock Solution #2:0.2% (w/v) silver acetate solution.

Stock Solution #3: 0.5% (w/v) hydroquinone in stock solu-
tion #1.

Rinsing Solution: 0.25% (w/v) hydroquinone (1 part stock
solution #3 and 1 part high-purity water).

Working Solution: One part stock solution #2 and one part
stock solution #3. Unstable, so prepare just before use.

Application

Prewashing: Porous items should be washed with high-pu-
rity water for 2 minutes. Nonporous items need only brief
washing in high-purity water.

Colloidal Gold: Soak items in colloidal gold solution for 5-15
minutes with mild agitation.

In-Between Rinsing: Rinse briefly in high-purity water.

In-Between Hydroquinone Rinsing: Rinse for 2-5 minutes
in hydroquinone rinsing solution.

Silver Physical Development: Place items in silver physical
developer for about 18 minutes.

Postwashing: Rinse with high-purity water.

Fixing: Fix with 1:9 dilution of photographic fixer for 2-5
minutes, rinse with tap water, air dry.

71.15 Reviewers
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8.1 Introduction

Inherent in the criminal justice community, and specifi-
cally the crime laboratory, is the policy that the information
derived from evidence must be preserved to the extent
possible. With regard to friction ridge detail, methods of
preservation include film and digital photography, latent
print lifts, and the use of casting material. Although the
two latter methods do create secondary evidence in the
form of a lift or cast, the photographing of the friction ridge
detail on the lift or the cast is still important to generate ad-
ditional secondary evidence. Certainly with respect to state
and national labs, evidence submitted with a case must be
returned to the contributor. With this in mind, the preserva-
tion of all relevant friction ridge information derived from
evidence is mandatory, and the production of an archival
image enables most of that information to be retained
within the case file.

8.2 History of Photography

Photography dates back to the time of Aristotle and his
study of light, specifically his reference to the passing of
light through a pinhole and the creation of a reverse image
on the ground (London, 2005, p 368). In the 10th century,
the Arabian scholar Alhazen described in detail the dis-
covery of the camera obscura, meaning "“dark chamber”
(London, 2005, p 368). He explained how light could pass
through a single hole in a wall of a dark room and project
inverted images from the outside onto the opposite wall of
the darkened room. Alhazen made specific references to
the ability to view a solar eclipse by this method. Eventu-
ally, the camera obscura became the size of a box, and a
lens for focusing and a mirror for adjusting the light were
incorporated. The original use of the camera obscura was
for artists as an aid for drawing in perspective (Davenport,
1999, p 4).

The word photography (derived from two ancient Greek
words, phos, meaning light, and graphos, meaning to
write) was coined by Sir John Herschel in 1839 (Redsicker,
1994, p 1). The first application of recording images by the
action of light on a sensitive material was 12 years prior
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to Herschel’s use of the word. It was in 1827 when the
French inventor Joseph Nicéphore Niépce took the first
successful sun-exposure picture. Pewter coated with a
mixture of bitumen of Judea (an asphaltlike substance) and
lavender oil was placed inside a camera obscura that was
aimed at the courtyard outside his window. After 8 hours,
the pewter plate was removed from the camera obscura
and was rinsed in lavender oil. The bitumen mixture had
hardened on areas of the plate that had been exposed to
light, whereas the bitumen mixture on the areas not ex-
posed remained soluble and was washed away in the rinse
(London, 2005, p 368). The result was a permanent scene
of the view outside Niépce's window on the pewter plate.

In 1829, Niépce formed a partnership with a chemist, Louis
Jacques Mandé Daguerre. The partnership was formed

in order to improve the process discovered by Niépce.
Unfortunately, after four years of unfruitful experimentation,
Niépce died of a stroke. Daguerre continued experimenting
in order to find a way to reduce the necessary exposure
time and permanently fix the photographic image. By 1837,
Daguerre had discovered that by coating a copper plate
with silver and exposing it to iodine crystals, a chemical
reaction took place, producing a light-sensitive silver iodide
compound. The plate was put inside a camera obscura

and was exposed, and a latent image was recorded on the
plate. The plate was then removed and exposed to mercury
vapors that caused an alloy to form where the silver iodide
had been exposed to light. The unexposed silver iodide was
washed away in a salt fixer solution, leaving the bare metal.
The resulting plate contained an image; the silver alloy

FIGURE 8-1

Early daguerreotype of the United
States Capitol, ca 1846.

(Reprinted from Library of
Congress collection, available
online at www.memory.loc.gov.)

84

formed the light areas of the picture and the bare metal
formed the dark areas (London, 2005, p 369). He named
the end result a daguerreotype (Figure 8-1). Obviously, the
use of a single plate for photography posed another prob-
lem: how did one make copies?

This question was answered by Englishman William Henry
Fox Talbot. Talbot was experimenting with photography at
the same time as Daguerre; however, Talbot was using
paper instead of copper plates. Talbot used paper sensitized
with silver chloride, a compound formed by combining table
salt with silver nitrate and gallic acid. The sensitized paper
was exposed for a couple of minutes, producing a latent
image. This image was visualized by treating the paper with
silver nitrate and gallic acid and was fixed in a solution of
potassium iodide of hypo (Davenport, 1999, p 9). This nega-
tive was then was placed over another light-sensitive piece
of paper and exposed, creating a positive image. This tech-
nigue, known as a calotype, was the first negative-positive
process (London, 2005, p 370). Unfortunately, the sharp-
ness of the final image paled in comparison with that of the
daguerreotype, and the daguerreotype continued to thrive.

In 1851 another Englishman, F Scott Archer, discovered
the use of wet collodion in photography. This process was
a blend of the calotype (a negative and positive image print
on paper) and the daguerreotype (with its sharpness). This
technique used glass plates coated in collodion, which is
guncotton (nitrocellulose, a flammable compound) dis-
solved in ether or alcohol. The glass plates were sensitized,
exposed, and developed, all while the collodion was still
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wet (Davenport, 1999, pp 18-19). Although the technique
was complicated by the fact that the glass plates had

to remain wet, it was much cheaper than the Daguerre
method, produced negatives that were much sharper than
calotypes, and reduced exposure time to a few seconds.
Because Archer never patented his discovery, the use of
this type of photography was adopted worldwide and sup-
planted the previous two methods. For the next 20 years,
the wet method of photography continued to thrive.

In 1871, Richard Leach Maddox produced the first viable
dry plate that retained light sensitivity (Davenport, 1999,

pp 22-23). Maddox’s discovery was prompted by health
problems caused by overexposure to the ether vapor

used in the wet collodion process. Being an enthusiast of
photography, he searched for an alternate method of adher
ing the silver salts to the glass plate. He discovered that
instead of using wet collodion, he could coat the glass with
an emulsion of gelatin that the sensitizing material adhered
to and the glass would still retain its light-sensitive proper
ties (Harrison, 1888, p 61).

As more and more photographers began using this method,
the desire for the process to be more available to amateur
photographers and the general public became the focal
point of one man, George Eastman. By 1888, Eastman had
initiated a method of mass producing dry paper film rolls
contained within a simple box camera, called the Kodak.

apege
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8.3 Photography in the Criminal
Justice Community

8.3.1 Identifying the Criminal:
Rogues’ Galleries of the Past

With the coming of the second Industrial Revolution
(1871-1914), city populations became flooded with people
coming and going on steam-powered ships and railways.
As cities grew, so did the criminal element. It was an easy
time to be a criminal. The criminal justice community had no
established method of recognizing repeat offenders. It was
very easy for recidivists to deny their true identity by merely
giving the authorities another name. In fact, at the time,

the only method of criminal recognition was the memory

of police officers. When the daguerreotype was discovered,
the criminal justice community quickly implemented the
photograph as a way of documenting criminals.

Collections of photographs of criminals for identification
purposes became known as rogues’ galleries. Rogues’
galleries were displayed in police departments for refer-
ence while checking in suspects and, after the invention
of photographic negatives, served as the template for
“wanted” posters. By the late 1800s, extensive rogues’
galleries could be found in many police departments.
Eventually, Alphonse Bertillon (see Chapter 1, p 8) incor
porated portraits parlé, now known as mug-shots (Figure
8-2), into his system of identification (Phillips, 1997 p 20).
From this standard front and side mug-shot technique,
books were produced. In essence, the rogues’ gallery
from the wall became a pocket book.

FIGURE 8-2

Portraits parlé of
Alphonse Bertillon taken
in 1897

(Reprinted with permis-
sion from the R.A. Reiss
photographic collection
at the Institut de Police
Scientifique, Université
de Lausanne.)
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The advantages of the camera went beyond the mere
accumulation of rogues’ galleries. It was a natural progres-
sion from documenting the criminal to documenting the
crime itself (Figure 8-3). The value of permanently record-
ing a true and accurate depiction of a crime came to be

an invaluable investigative tool. Not only could the photo-
graphs say what a witness could not, but they were seen
as objective recordings (Buckland, 2001, p 27). As early

as 1859, photographs began to appear in the courtroom,
ranging from photographs comparing forged and nonforged
signatures to photographs establishing the true identity of
a corpse (Moenssens).

With the advent of the crime laboratory, evidence that was
photographed at the crime scene could be analyzed and
photographed in a controlled environment. By the 1930s,
full-service crime laboratories were springing up across the
world (e.g., FBI Laboratory in 1932, London’s Metropoli-
tan Police Forensic Laboratory in 1935). The advent of the

FIGURE 8-3

FIGURE 8—4
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crime laboratory occurred in conjunction with several fo-
rensic science milestones. The 1930s witnessed the ush-
ering in of typewriter standard files, fraudulent check files,
automotive paint files, firearms reference collections, use
of the polygraph, the first use of the ABO blood testing on
forensic evidence, metallurgical services, gunshot residue
analysis, DNA secretor analysis, luminol as a presumptive
test for blood, and the establishment of the Single Finger
print Section at the FBI. As methods of forensic detection
were established in crime laboratories, the recording of
results through photography became standard procedure.

8.4 The Fingerprint Camera

The first camera designed specifically for fingerprint work
was made by Folmer & Schwing Manufacturing Company
of New York in the early 20th century. The camera was
self-sufficient, providing a fixed focus lens and lighting
contained within an oblong box (Figure 8-4). The lens was
positioned at a fixed point that produced a focused life-size




image on the negative (1:1) and the lamps were activated
by the movement of the shutter, thus exposing the 2" x 3"
glass plate (Lightning Powder Co., Inc., 2003, p 5). A photo-
graph was taken by positioning the open end of the oblong
camera over the print and pressing the exposure button.
The creation of this type of camera enabled a person who
was not trained in the art of photography to take photo-
graphs of latent prints.

This type of fingerprint camera remained in existence until
the 1970s. Technological advances were incorporated into
the design over the years, but the basic concept and ease of
use continued. Advances involved additional lens types, vari-
able shutter speeds, adjustable apertures, electronic flash
bulbs, and the use of roll film or Polaroid-type films of sizes
varying from 2 1/4" x 3 1/4" t0 4" x 5" (Olsen, 1978, p 178).

8.5 Modern Photography

As with any type of specific-use technology, the cost of
specialized equipment leads to the need for more afford-
able equipment that can also be used for other purposes.
Smaller police departments could not afford to purchase

a fingerprint camera, so they began to outfit the cameras
they owned with attachments for fingerprint photography
(Olsen, 1978, p 147). A general-purpose camera could

be adapted for fingerprint work with the use of a camera
stand, proper lighting, and an appropriate lens. Another
factor that allowed for the easy transition to traditional
camera usage was the ease with which irregularly shaped
objects could be photographed. The fingerprint camera was
perfectly suited to flat evidence, but evidence that was
irregular in shape posed depth of field problems. Addition-
ally, although the fingerprint camera was appropriate to
basic fingerprint processing techniques such as powdering,
the advent of forensic light sources demanded the use of
nonspecific camera equipment.

Modern film is composed of plastic sheets that are coated
with an emulsion containing silver halide salts bonded by
gelatin. The grain size of the silver halide salt determines
the sensitivity of the film and the resulting resolution. Film
with a smaller grain size, known as slow film, requires a
longer exposure but produces a photograph of finer detail.
When the silver halide salts are exposed to a form of light,
an invisible image is recorded on the film. Film-developing
chemicals are then applied to the exposed film in order to
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visualize the latent images. This process causes the conver
sion of the silver halide salts to metallic silver. The metallic
silver blocks the transmission of light and forms the black
portion of a negative.

There are generally three camera formats available: small,
medium, and large. In photography, the term “format”
refers to the size of the film that is used in the camera.
Small format cameras use film that is 35 mm and smaller.
The main disadvantage of using a small format camera is
that the small negative must be enlarged in the printing
process. A medium format camera uses film that is fixed
at 6 cm in width but varies in length, ranging from 4.5 cm
to 7 cm. Large format cameras use film thatis 4" x 5” or
larger. The advantage of having a larger format camera is
the higher resolution that is achieved.

The history of the digital camera is rooted in the technology
that gave rise to the television and the first videotape re-
corder. This technology allowed for the conversion of infor
mation into electrical impulses that could be recorded onto
magnetic tape. In 1970, Willard Boyle and George Smith of
AT&T Bell Labs invented the charge coupled device (CCD)
(Boyle, 1970). Essentially, a CCD is an image recording
sensor containing picture elements, commonly referred to
as pixels, on a grid (Bidner, 2000, p 25). The pixels on the
sensor record light electronically (i.e., light is converted into
electrons). Generally, the greater the number of pixels on
the CCD, the sharper the image. This electronically record-
ed light is then converted into digital data.

With regard to photography, a digital camera records the
image with a CCD instead of recording the image on film
(Ippolito, 2003, p 36). Specifically, an image is focused on
the sensor through the lens. The sensor for the digital cam-
era contains millions of CCD cells (pixels) on a grid. Each
CCD records a color and a brightness (tonal) value that is
stored as a series of numbers in the camera’s memory.
These stored numbers are then reassembled and sent as
an image to a printer or a computer screen. Because of
the volume of pixels on the grid, the human eye views the
recorded image as continuous tones, just as one would
view a photograph (London, 2005, p 200).

Key to the understanding of digital camera technology is
pixel resolution. Pixel resolution refers to the number of
pixels in an image. For example, a 1000 x 1000 pixel image
printed in a one-inch square would have 1000 pixels per
inch (PPI).
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Traditional film photography cameras are based upon film
format; digital camera file format is based upon the storage
of data. Most digital cameras offer a choice of file formats
for saving images. There are two main types of formats:
compressed and uncompressed. Compressed file formats
produce smaller image files that allow for more storage
space. Images are reduced in size by the discarding, or
loss, of pixel information. Every time an image is saved in
a compressed format, information is lost. Because of this
loss, compression file formats are referred to as lossy. The
most common type of lossy compression format is JPEG
(Joint Photographic Experts Group).

Uncompressed file formats are those in which no pixel
values are lost and the image can be retrieved in its original
form (Federal Bureau of Investigation, 2004, p 14). Un-
compressed file formats include TIFF (tagged information
file format) and RAW formats (i.e., the camera’s native or
unprocessed file format). Both formats store an image in
its original form, thus requiring more storage space. For the
purpose of recording friction ridge impressions, the use of
TIFF or RAW images in digital photography is valuable to
ensure that the integrity of the evidence is preserved.

A vital aspect of maintaining the integrity of the evidence
is the acquisition of a digital camera that meets or exceeds
the guidelines set forth by the Scientific Working Group on
Friction Ridge Analysis, Study and Technology (SWGFAST)
(SWGFAST, 2009) and the National Institute of Standards
and Technology (NIST). NIST has established that the mini-
mal resolution of an image taken by a digital camera that

is used for latent impression evidence be 1000 PPl at 1:1
(SWGIT, 2002; SWGFAST, 2009, p 2).

Another key aspect to digital photography in relation to

the criminal justice community is the maintenance of the
original digital image. The original image must be stored in
an unaltered state. The original images can be stored on

the following media: silverbased film negative, write-once
compact disk-recordable (CD-R), and digital versatile disk-
recordable (DVD-R) (SWGIT, 20086, pp 3-4). If digital process-
ing is needed, it must be performed on a duplicate image.

In addition to the acquisition of fingerprint impressions
with a digital camera, impressions on relatively flat sur
faces may be digitized through the use of a flatbed scanner
and the image(s) can be imported into a computer. A
flatbed scanner consists of a flat piece of glass, known as
a platen, a light source under the platen and in the lid, and
a CCD image recording sensor on a track underneath the
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platen. Items to be scanned are placed face down on the
platen, and the CCD sensor track moves beneath the item,
recording the image(s). The type of item to be scanned dic-
tates the location of the light source for the scan (opaque
versus transparent lifts). For opaque items, the light on the
tract below the platen is used. As the tract moves below
the item, the CCD sensor records the light that is reflected
off the item. This is known as reflective scanning. Transmis-
sive scanning is used to record image(s) on a transparent
item. With transmissive scanning, the light from the lid is
transmitted through the item and onto the CCD. Like the
digital camera, the flatbed scanner must be able to pro-
duce the PPl requirement for latent impressions set forth
by NIST, and the original images should be recorded on the
appropriate medium.

Photography is the recording of images on sensitive
material by the reaction of light, and the photographer will
benefit by knowing something about its properties and
how to control it.

Light travels as waves. Light waves ordinarily travel in
straight lines, passing through some substances, and be-
ing absorbed or reflected by others. Forms of energy trans-
mitted by waves of any nature are classified according to
their wavelength into a system called the electromagnetic
spectrum. This classification is important because it allows
the assignment of a given wavelength to each form of en-
ergy with which photography is concerned. For fingerprint
photography, the wavelengths that are most important are
those in the invisible short- and long-wave ultraviolet light
and the visible light spectrum.

The term spectrum refers to the entire range of electromag-
netic radiation. In their basic nature, there are no differenc-
es between light waves and other kinds of electromagnetic
waves. The various types of electromagnetic waves that
make up the electromagnetic spectrum are gamma rays,
x-rays, ultraviolet radiation, visible light, infrared radiation,
radar, and radio waves (Figure 8-5) (Langford, 1973, p 23).

8.5.3.1 Luminescence. \When certain materials, such as
some solids, liquids, or gases, are subjected to electro-
magnetic radiation, such as ultraviolet radiation or mono-
chromatic light, they will emit light of a longer wavelength
(Miller, 1998, p 205). This occurrence is called lumines-
cence. The two particular types of luminescence are known
as fluorescence and phosphorescence. If the luminescence



ceases within a fraction of a second (i.e., less than 10
second) (Menzel, 1980, p 68) after removing the exciting
radiation, the phenomenon is called fluorescence. Although
fluorescence ceases almost immediately after removing
the exciting radiation, some substances continue to emit
luminescence for some time. This phenomenon is called
phosphorescence (Miller, 1998, p 205). For most fingerprint
imaging purposes, the differences between fluorescence
and phosphorescence are inconsequential.

Invisible ultraviolet radiation (UV) is that portion of the
electromagnetic spectrum that can induce visible lumines-
cence in certain materials. /nvisible long-wave ultraviolet
radiation in the electromagnetic spectrum ranges from 320
nm to 390 nm. Visible light is that portion of the electro-
magnetic spectrum that normally stimulates sight. Visible
light in the electromagnetic spectrum ranges from 390

nm to 700 nm. When materials absorb light and re-emit
this light at longer wavelengths, the difference between

gamma x-rays ultraviolet infrared
rays a rays

rays l radar IFM
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absorption and emission is known as Stokes shift (Figure
8-6) (Menzel, 1980, p 9).

8.5.3.2 Filters Used in Luminescent Photography. A
barrier filter of optical photographic quality and particular
absorption and transmission properties is needed to visual-
ize and photograph luminescing latent prints. The barrier
filter will absorb or reflect most of the excitation and will
transmit the sufficiently longer wavelength to enable pho-
tographic imaging (Figure 8-7). Without the barrier filter,
the excitation light tends to compete with and wash out
luminescing friction ridge detail. In some instances, a bar
rier filter may help block interfering fluorescence. Modern
forensic light sources come with an array of nanometer
choices and barrier filters that allow for the visualization
and resulting photography of luminescing latent prints
(Table 8-1). For most forensic light sources (e.g., laser,
alternate lightsource, LEDs), the customary barrier filters
are orange (amber), yellow, and red.

FIGURE 8-5
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Forensic Light
Source

FIGURE 8-7

Basic scheme for forensic
light source detection.
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Table 8-1

Emitted light and corresponding filter selections (Hardwick, 1990, p 21;
Eastman Kodak Company, 1990, p 4).

Emitted Light Corresponding Barrier Filter Common Barrier
(Color) Nanometers (Color) Filter
Invisible Ultraviolet | 320-400 Pale Yellow 390, 405, 415
350-469 Yellow 476
Yellow/Orange 510, 515
Violet/Blue
Orange 529, 550
Red 593
352-519 Yellow/Orange 510, 515
Blue Orange 529, 550
Red 593
468-526 Orange 529, 550
Blue/Green
Red 593
473-546 Orange 549
Green
Red 593
Green/Yellow 503-591 Red 593




Using long-wave ultraviolet radiation, latent impressions
developed with chemical treatments, dye stains, and
fluorescent powders are often visible without the use of

a filter. However, when photographing latent impressions
that luminesce, with black and white film or a digital format,
using a UV barrier filter will block the invisible light that the
film or the digital sensor is sensitive to, thus eliminating the
chance of distortion or overexposure of an image.

Medium and small format cameras need a macro lens

in order to take close-up photographs. A macro lens is
classified as a flat field lens, meaning that the images are
produced on an even plane, thereby maintaining the sharp-
ness on the edges (Eastman Kodak Company, 1988, p 41).
Conversely, a standard lens is classified as a curved field
lens, meaning the images are produced on a bowed plane.
This makes a standard lens less desirable for close-up
photography because the edges will lose their sharpness.

Additional methods for achieving close-up photography are
close-up lenses, reversing ring adaptors, and bellows units.
Close-up lenses are clear glass lenses that are used to
increase the magnification of the standard lens. Close-up
lenses screw into the filter mounting threads on the front
of the lens. The lenses are numbered from 1 to 10, with
the higher number representing the increased strength

of the lens. A reversing ring adaptor allows the lens to be
turned so that the rear element of the lens faces toward
the subject. This increases the distance between the film
plane and the lens, thereby increasing the image size. A
flexible bellows unit extends the lens forward, allowing
closer focusing.

The use of black and white film in latent print photography
allows for the use of color filters for heightened contrast.
These filters will lighten or darken the images and are
dependent upon the background color; a colored filter will
lighten the tone of the same color and darken the tone of a
complementary color (Table 8-2).
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8.5.6.1 Equipment. The source of the illumination may be
a photographic laboratory lamp, photographic slide viewer,
electronic flash, forensic light source, or photographic
negative viewing light. A diffuseris used in order to provide
an even illumination of the entire object being photo-
graphed. Any type of translucent covering (e.g., plexiglass
or thin white paper) can be used as a diffuser. The diffuser
is placed between the object being photographed and

the light source, about 6 to 12 inches away from the light
source. (When the diffuser and the light are too close, the
light will be brighter in the center of the area.)

8.5.6.2 Lighting Techniques. The type of evidence that is
to be photographed determines the type of lighting tech-
nique employed. For example, evidence that is reflective
will require a lighting technique far different from evidence
that is transparent. In order to take accurate and clear pho-
tographs, the photographer must have an understanding of
the varied lighting techniques that are available.

Table 8-2

Contrast adjusting filters.

Blue Blue Red
Green Green Red or Blue
Yellow Yellow Blue
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FIGURE 8-8

Direct lighting.

FIGURE 8-9

Front directional lighting.

Direct Lighting. Direct lighting provides strong lighting
from a source without the light first having been reflected
off another surface. This type of lighting produces substan-
tial contrast between the light and dark areas of the object
being photographed. Direct lighting is set up with two

or four lights equally balanced and set 45 degrees above
the object, with the light shining directly onto the object
(Figure 8-8).
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Direct Reflection Lighting. Direct reflection lighting uses
one light source set approximately 10 degrees from the
object, with the object set at approximately 10 degrees
from the camera lens. This technique can only be used on
flat surfaces and creates very high contrast. Latent prints
developed with black, gray, or silver powder will always
photograph dark (black) on a light gray (white) background
(Figure 8-9).



Front Directional Lighting. Front directional lighting (axial
or axis lighting) uses one light source set at 90 degrees
from the axis of the camera lens. The object to be pho-
tographed is mounted directly under the camera lens. A
piece of glass is placed in the axis of the camera lens at a
45-degree angle to reflect the light down onto the object.
Front directional lighting is used when photographing

latent prints on mirrors or prints inside curved items (e.g.,
glasses or cups) (Figure 8-10).
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FIGURE 8-10

Direct reflection lighting.

FIGURE 8-11

Transmitted lighting.

Transmitted Lighting. Transmitted lighting is also referred
to as back lighting. WWhen employing this technique, the
illuminator is placed behind the object being photographed,
with the light from the illuminator directed through the
evidence toward the camera (Figure 8-11). Transmitted
lighting is used when photographing an object that is trans-
parent or translucent. Another distinct advantage for trans-
mitted lighting is the recording of watermarks in paper.
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FIGURE 8-12

Oblique lighting.

FIGURE 8-13

Bounced lighting.

Oblique Lighting. Oblique lighting is also called side light- Bounced Lighting. Bounced light is light that does not

ing or cross lighting. Oblique lighting uses low-angle illumi- travel directly from the illumination source to the object
nation to show detail by creating shadows. For this type of being photographed but is reflected off another surface
lighting, a single light source should be positioned at a low (Figure 8-13). Bounced lighting illuminates the object with
angle to skim across the surface, highlighting the raised a shadow-reducing softer light. Bounced lighting is ideal for
portions (Figure 8-12). If shadows become a problem, a photographing objects that are concave or convex.

second light is required. When two lights are used, they
are placed opposite each other to light up both sides of the
impressed area. The proper angle for the light source can
be found by viewing the item through the view finder and
adjusting the height of the light source.



8.5.7 Processing and Evidence-Dependent
Photography

The key to latent print photography is the proper usage of
the equipment in relation to the type of evidence being
photographed and the processing that was performed. For
example, knowing the best lighting technique for a certain
type of evidence can mean the difference between excel-
lent photographic evidence and evidence that needs to be
re-photographed.

8.5.7.1 Ninhydrin Impressions. The ability to adjust color
is based upon the components of color and how a change
in one color component affects other colors. A color wheel
aids in the determination of color change (Figure 8-14).
Looking at the color wheel, if a color is to be darkened
(more contrast), an increase in the opposite color achieves
this effect. If a color is to be lightened, or decreased, colors
adjacent to that color are added.

Latent impressions processed with ninhydrin (a chemical
reagent) develop in the visible red range. Looking at the
color wheel, the color opposite red is green. Green (#58)
and yellow-green (#11) filters have been found to enhance
latent impressions developed with ninhydrin. Additionally,
ninhydrin impressions should be photographed using bal-
anced direct lighting.

8.5.7.2 Superglued Impressions on Multicolored
Objects. Multicolored smooth objects (e.g., magazines,

VIOLET

BLUE-VIOLET YELLOW-

ORANGE

The Preservation of Friction Rldges | CHAPTER 8

photographs, and product packaging) often pose a problem
when it comes to photographing latent impressions that
cross over background color variations. A solution to this

is a reflected ultraviolet imaging system (RUVIS), which
eliminates the multicolored background by absorbing UV
light. Using the RUVIS, fingerprint residue treated with
superglue may appear light or dark, untreated sebaceous
prints may appear as black, and untreated sweat prints
reflect white (Lin, 2006, pp 2137-2153).

8.5.7.3 Luminescent Photography. \When exposing an
item with luminescent latent impression(s) to a forensic
light source, the luminescence of the latent impressions
may diminish or completely disappear. This phenomenon
is called photodecomposition or photodegradation and can
occur within seconds. Because of this, objects with lumi-
nescent latent impression(s) should not be exposed

to a forensic light source for longer than necessary (Hard-
wick, 1990, p 38). Sometimes the latent impression(s) can
be redeveloped to make them luminesce again. This is
normally not the case if the latent impression(s) are inher
ently luminescing.

8.5.74 Impressions on Reflective Surfaces. Latent
impressions on reflective surfaces (e.g., chrome, silver,

or nickel) are usually processed with gray or light-colored
powder because the reflective surface photographs black
or dark gray when employing direct lighting. Direct lighting
photography used with reflective surfaces produces light
ridges on a dark background and therefore the negative
may be color reversed.

FIGURE 8-14

The color wheel.
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Bounced lighting may also be used when photograph-

ing flat reflective surfaces. A distinct advantage of using
bounced lighting over direct lighting for photographing re-
flective surfaces is that bounced lighting normally produces
dark ridges on a light background. This is because bounced
lighting highlights the object and not the ridges.

8.5.7.5 Indented Impressions. Oblique lighting is primarily
used for photographing “plastic” impressions (e.g., those
in putty, casting material, wax, grease, butter, dust, blood,
or any pliable surface). The use of this technique allows
shadows to be cast into the areas impressed by the ridges.
Care should be exercised when photographing this type

of evidence to prevent heat generated by the lights from
degrading the impressions.

8.5.7.6 Impressions on Irregular Surfaces. Latent prints
on concave or convex surfaces often pose a problem for
the photographer. Because of the curvature of the surface,
total illumination of the latent prints and adequate depth of
field is difficult to achieve. Even illumination of the latent
print with bounced lighting can overcome this problem.

A distinct advantage to this is that friction ridges will be
depicted black or dark gray and the furrows and back-
ground will be white or light gray.

When using bounced lighting to illuminate latent prints
for photographic purposes, the lens of the camera should
be extended through the center of a pliable white matte
surface material. A filter adaptor ring may be used to hold
the matte in place. Once the matte material surrounds the
camera lens, the material is positioned as a concave reflec-
tor partially surrounding the object being photographed.
With the camera and reflective matte material in place,
the photographic light is then positioned to illuminate the
concave matte material. The light will reflect off the matte
material and back onto the surface of the object being
photographed.

8.5.7.7 Transparent Latent Print Lifts. Transparent tape

can be used to lift latent impressions developed with any
color of fingerprint powder. Transparent tape that is mount-
ed on either a white or black backing card is photographed
using direct lighting or may be digitally recorded using a
scanner. Transparent tape that is mounted onto clear plastic
may be photographed using direct lighting if the lift is
placed on contrasting material before being photographed.

Another option for photographing transparent lifts is using
transmitted lighting. Using transmitted lighting has two

benefits: improved contrast is achieved and the spoiling
effects of excessive powder on the lifts are decreased.
When items are processed with powder, there is a possibil-
ity that excess powder will adhere to the background and
will be lifted along with the latent impressions. By using
transmitted lighting, the light transmits through the thinner
background powder but is not transmitted through the
thicker powder adhering to the latent impression(s). Trans-
parent lifts may also be used as a photographic negative
for recording through direct contact with unexposed film or
photographic paper on a darkroom enlarger or similar setup.

8.6 Other Methods of Friction Ridge
Preservation

As mentioned previously, latent print preservation is also
achieved through the use of latent print lifts and casting
material. Typically, these types of preservation methods are
used at the crime scene. Often the evidence that needs to
be processed for latent prints is too large to be removed or
is immovable and must be processed in the field. Another
factor dictating the use of latent print lifts and casting
material is when photography cannot adequately record
the latent impression(s). WWhen this occurs, the impres-
sion should be imaged insofar as possible before lifting or
casting procedures are used, to retrieve the latent print
detail. At this point, the lift or cast can be imaged again for
additional preservation.

Fingerprint lifters are used after the application of finger
print powders. The powder clings to latent print deposits or
contaminants already on a substance. A lift is usually made
with tape or a similar lifting material having the correct
amount of adhesive to remove enough of the fingerprint
powder without destroying the original item. Fingerprint
lifters come in a variety of types that vary in color, size,
flexibility, and tackiness (stickiness).

In general, there are four types of commercially produced
fingerprint lifts: (1) transparent tape lifters (Figures 8-15
and 8-16), (2) hinge lifters, (3) rubbergelatin lifters, and (4)
lifting sheets.

The tape may be clear or frosted and is dispensed from a
roll. The tape should be unrolled in one continuous motion
to the desired length. If the tape is pulled in stages, the



tape will contain hesitation marks where each pull was
stopped. Such marks may obscure lifted impressions.

The color of the powder that is used determines the color
of the backing to which the tape is adhered. The chosen
backing should contrast adequately with the color of the
powder that was used. When a transparent backing is
used, it is up to the photographer to use an appropriately
contrasting background. An advantage of using transparent
tape lifters is the fact that the latent impressions on the lift
will be in the proper viewing position.

Some stretchable polyethylene tapes are formulated to lift
latent prints off textured surfaces. These tapes are thicker
and more pliable and are able to lift powder from the
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FIGURE 8-15

Transparent tape.

FIGURE 8-16

Tape attached to backing card.

contours of the textured surface, whereas traditional lifting
tape only lifts powder from the top of the textured surface.

8.6.1.2 Hinge Lifters. As the name implies, the hinge lifter
is composed of lifting tape and a backing card hinged to-
gether on one side. The adhesive side of the hinge lifter is
protected by a plastic cover. When preparing to lift a latent
impression, the divider is removed and discarded. The
exposed adhesive is then placed on the latent impression,
lifted off the surface, and then folded back onto the hinged
backer (Figures 8-17 and 8-18). Hinge lifters are manufac-
tured in various sizes and contain markings that indicate the
correct side for viewing when used as designed. Hinge lift-
ers are available with white, black, or transparent backings.
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FIGURE 8-17

Hinge lifter.

FIGURE 8-18

Hinge lifter.

8.6.1.3 Rubber-gelatin Lifters. Of the different types of
lifters, rubber-gelatin lifters tend to be the least tacky and
most pliable. This type of lifter is commonly chosen when
a latent impression is on a surface that is considered either
fragile (peeling paint from a wall) or irregularly shaped (e.g.,
doorknob). Rubbergelatin lifters include a cover sheet, a
low-adhesion gelatin layer, and a high-quality elastic sheet
of rubber (Lightning Powder Co., Inc., 2000). These types
of lifters are available in various sizes in black, white, or
transparent sheets.

The rubber sheet contains adhesive material and is applied
to the powdered latent impression. Once it is removed
from the surface, the clear and clean plastic covering is
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reapplied (Figures 8-19 and 8-20). Because the latent im-
pression adheres to the rubber and is viewed through the
covering, the print will be in reverse position.

8.6.1.4 Lifting Sheets. Lifting sheets are made specifi-
cally for the recording of forensic impressions and are
commonly used in the processing of human remains. The
sheets are flexible and have a smooth adhesive coating.
The sheets come in various sizes and can be cut according
to need.

For processing human remains, sheets are cut slightly
larger than the size of the fingerblock on a standard finger
print card. Because of the slight elasticity of the material,



it is easy to wrap the material around a finger that has
been lightly coated with fingerprint powder. Once a print

is obtained, the lifter is cut down to finger block size and is
placed in the correct location on the back of a transparency
that has had a standard fingerprint card printed on it. When
the transparency is viewed from the front, the printed
friction ridges are in the correct position, with the correct
color, in the appropriate fingerblock.

8.6.2 Casting Material

Casting material is advantageous when dealing with patent
impressions, powdered latent impressions on textured sur
faces, or when processing the friction ridges of deceased
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FIGURE 8-19

Rubber-gelatin lifter.

FIGURE 8-20

Rubber-gelatin lifter.

individuals. Casting materials are available in several colors
and have been manufactured to dry quickly and release
easily.

In addition to use in photographic recording, casting mate-
rial can be powdered or inked and then lifted or impressed
on lifting sheets. The resulting image will be a reverse posi-
tion image of the friction ridges.

8.7 Conclusion

The recording of friction ridge detail dates back to the early
1900s. From the very beginning, the value of accurate
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preservation was realized, and preservation methods
improved as new technologies and techniques were
introduced to the forensic community. The forensic science
community has witnessed the discovery of groundbreaking
fingerprint detection and preservation techniques, ranging
from the simple to the complex. Throughout, innovation
has been the norm in crime laboratories.

8.8 Reviewers

The reviewers critiquing this chapter were Herman
Bergman, Jeri Eaton, Robert J. Garrett, Alice Maceo,
Kenneth O. Smith, Jr., Kasey Wertheim, and Juliet H.
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