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Chapter 3: The Study of Hair Outline:  Use your text for vocab. and Notes for Chapter 3  fsci_ch_3full.ppt from the website
Vocabulary
· 
· comparison microscope
· cortex
· cuticle
· gas chromatography
· hair follicle
· hair shaft
· keratin
· medulla
· melanin granules
· mitochondrial DNA (mtDNA)
· nuclear DNA

Introduction
· A hair without the follicle and its nuclear DNA cannot provide ___________________ evidence. 
· Hair can yield ________________ evidence.
· Chemical tests performed on hair can reveal _______, toxins, _____________ and nutritional deficiencies.
· mtDNA from hair can reveal some of a suspect’s or victim’s _______________ _____________________.

History of Hair Analysis
· 1883: Alfred Swaine ___________ and Thomas ______________ covered hair in a forensic science _____.  
· 1910: Victor __________ and Marcelle _______________ published a comprehensive _______________. 
· 1934: Dr. Sydney __________, analyzed hairs side by side using a ________________________________.
· Today: Standard procedures of hair analysis include _______________ examination and _______ analysis.

The Functions of Hair[image: ]

· Regulates _________ ___________________ 
· Decreases ____________
· Protects against _________________
· Acts as a ____________ _______________
· Humans are born with about ____________________ hair follicles.

The Structure of Human Hair
· Human hair consists of a ____________ and a ______________.
· The hair shaft is made up of three layers:
· An inner ________________
· A ______________
· An outer ___________________
· The cuticle is a __________________ outer layer of the hair shaft.

Types of Medulla
[image: ]
Types of Hair
· In humans, hair ________________ from person to person, and even varies depending on its ___________________ on a particular person.
· For an individual person, hair can vary based on its _____________________on the body.
· To compensate for inconsistencies that occur, _______________ are usually collected from a suspect’s or victim’s head.
· Hair from Different Parts of the Body See Figure 3-7

The Life Cycle of Hair[image: ]
[image: ]

· Hair proceeds through ______________ stages as it develops.
· _______________ stage
· Lasts approximately ______________ days
· ____________________ stage
· The hair stops growing and the follicle _________________.
· ____________________ stage
· The hair follicle is dormant and hair is easily _____________.
Treated Hair
Hair can be treated in many different ways.                                                                                                             List 2 ways: ___________________________________  ______________________________________
Ethnic or Ancestral Differences
· There are some key physical characteristics that are associated with hair of different ancestral groups.
· Describe them: _________________________________________________________________________ ______________________________________________________________________________________
Animal hair and Human Hair
· Animal hair and human hair have several differences including:
· The pattern of ____________________________
· The medullary ____________________________
· The ____________________ type
Hair Cuticles
· The cuticle of the hair shaft can help distinguish human hair from other animal hair.
[image: ][image: ]

Electron Microscopes
· Electron microscopes direct a _________________________ at a sample.
· Electron microscopes provide magnification of ______________________times or more.

Hair Examination and Testing
· DNA is extracted and amplified using ______________.
· DNA is __________________ using an automated process.
· mtDNA (mitochondria DNA) can be used to establish a genetic relationship through the ______________.
· Suspects can be _________________ if their mtDNA is not consistent with the crime-scene ___________.
Summary
· Hair is a form of evidence that has been used in forensic analysis since the late ___________ century.
· Hair is a characteristic shared by all _________________ and functions in temperature regulation, reducing friction, protection from light, and as a sense organ.
· Hair consists of a ___________________ embedded in the skin that produces the _____________. 
· The shaft is composed of the protein ___________ and consists of the outer cuticle, a cortex, and an inner medulla, most of which can vary within and among individuals and among species. The shaft also has pigments and mitochondrial DNA.
· Hair varies in ______________, ________________ type, and cross-sectional ___________________, depending on where on the body it _______________________.
· Hair development is divided into _____________ stages: anagen (growth), catagen (resting), and telogen (dormancy). 
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organ. The very dense hair of some mammals is referred to as fur.

Hair works as a temperature regulator in association with mus-
cles in the skin. If the outside temperature is cold, these muscles
pull the hair strands upright, creating pockets that trap air. This
trapped air provides a warm, insulating layer next to the skin. If
the temperature outside is warm, the muscles relax, and the hair
becomes flattened against the body, releasing the trapped air.

In humans, body hair is mostly reduced compared to other
mammals; it does not play as large a role in temperature regula-
tion. When humans are born, they have about 5 million hair fol-
licles, only 2 percent of which are on the head. This is the largest
number of hair follicles a human will ever have. As a human ages,
the density of hair decreases.

THE STRUCTURE OF HUMAN
HAIR Obj. 3.1,3.2,3.3,34,35,3.6,3.7

A hair consists of two parts: a follicle (with papilla and capillary
blood supply) and a shaft (Figure 3-2). The hair follicle is a club-
shaped structure in the skin. It contains cells with DNA along with
a network of blood vessels that supply nutrients to feed the hair
and help it grow. A sebaceous gland secretes oil that helps keep
the hair conditioned. Nerve cells wind around the follicle and
stimulate the erector muscle in response to changing environ-
mental conditions.

The hair shaft is composed of the protein keratin, which is
produced in the skin. Keratin makes hair both strong and flexible.
Like all proteins, keratin is made up of a chain of amino acids
that forms a spiral, or helix (plural helices). Keratin helices are con-
nected by strong bonds between amino acids. These bonds make

Figure 3-2 This cross section
shows a hair shaft in a hair fol-
licle. If the follicle of the hair is
present in evidence, nuclear DNA
may be extracted, amplified, and
analyzed for use as individual
evidence. If no follicle is present,
mitochondrial DNA or other char-
acteristics may be analyzed for
use as class evidence for compari-
son with crime-scene evidence.
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The Structure of Human Hair

(continued)

o The hair shaft is made up

of three layers:

- Aninner medula

- Acortex

- An outer cuticle

Forensic Science: Fundamentals & Investigations, 2e

Chapter 3

Figure 3-3 The cross section of a
hair shaft is similar to that of a
round, wooden pencil.
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medulla, as illustrated in Figure 3-5. 3
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Figure 3-5 Five different patterns of medulla pigmentation pattern are identified in forensic hair
analysis.
Medulla Pattern Description Diagram
Continuous One unbroken line of color
[ondo
Interrupted (intermittent)  Pigmented line broken at regular
intervals [
Fragmented or Segmented  Pigmented line unevenly spaced =
Solid Pigmented area filling both the medulla Mapping the Outdoor L7
and the cortex b,
None No separate pigmentation in the
medulla
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Treated Hair

Hair can be treated in many different ways.
Bleaching hair oxidizes the natural pigment,
lightening it (Figure 3-8). It also makes hair brittle
and can disturb the scales on the cuticle. Artificial
bleaching shows a sharp demarcation along the
hair, while bleaching from the sun leaves a more
gradual mark. Peroxide in bleach can also dam-
age mtDNA. Dyeing hair changes the color of
the hair shaft and gives it a painted appearance
(Figure 3-9) that is easily recognized by an expe-
rienced forensic examiner. In addition, the cuticle
and cortex both take on the color of the dye.

If an entire hair is recovered in an investi-
gation, it is possible to estimate when the hair
was last color-treated. The region near the root
of the hair will be colored naturally. Human
hair grows at a rate of about 1.3 cm per month
(approximately 0.44 mm per day). Measuring
the length of hair that is naturally colored and
dividing by 1.3 cm provides an estimate of the
number of months since the hair was colored.
For example, if the unbleached root region
measured 2.5 cm, then 2.5 cm divided by 1.3 cm
per month equals approximately 1.9 months, or
about 7 weeks. This information can be used to

Figure 3-8 Bleached
hair lacks pigment in

the cortex and cuticle.

Figure 3-9 Examples
of dyed human

hair. Notice the dye
stains the entire hair,
including the cuticle
and cortex.

.
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FBI; photos by Sandra Koch & Douglas W. Deedric

identify different-colored hairs from different body locations as belonging

to the same individual.
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with a compound microscope. This configuration focuses light that passes
through objects at different angles. The resulting image shows more con-
trast, especially when viewing translucent particles. Phase contrast micros-
copy is useful for observing fine detail in hair structure.

Many dyes and other hair treatments will fluoresce (glow) under a certain
wavelength of light. In a fluorescence microscope, a beam of light of a cer-
tain wavelength is used. If the sample contains particular chemicals, it will
absorb some of the light and then re-emit light of a different wavelength.
This is called fluorescence. A fluorescence microscope is equipped with fil-
ters to detect the fluoresced light, indicating the presence of a dye or other
treatment.

Instead of using light to view a sample, electron microscopes direct a
beam of electrons at a sample. Electron microscopes provide remarkably
detailed views of a sample (Figure 3-14), magnifying it 50,000 times or more.

CHEMICAL TESTING FOR SUBSTANCES IN THE HAIR SHAFT

You are what you eat, and what you eat ends up in your hair. Anything
ingested or absorbed through your skin—food, water, drugs, toxic sub-
stances (arsenic, lead)—becomes part of your hair.

Hair does not readily decompose, so by testing different parts of the hair,
it may be possible to establish a timeline of a suspect’s or victim’s exposure to
toxins or drugs. The math for developing this timeline is similar to that used
with hair color discussed earlier in the chapter. Human hair grows at the
rate of approximately 1.3 cm per month (or 0.44 mm per day). For example,
if a toxin is found 9 cm. from the hair root, dividing this value by 1.3 cm per
month provides an estimate of the number of months since the drug or toxin
was ingested. In this case, 9 cm divided by 1.3 cm per month equals approxi-
mately 7 months.

One method used to identify drues or toxins involves dissolving the hair

Figure 3-14 A
transmission elec-
tron microscope
produced this
extremely detailed
image of a long
section of human
hair. Notice the
overlapping cuticle
scales on the left
side and the pig-
ment granules in
the cortex.

Courtesy, FBI; photos by Sandra

Koch & Douglas W. Deedrick
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The cuticle of the hair shaft can also help distinguish human hair from
other animal hair. Rodents and bats have a coronal cuticle with scales that
look like a stack of crowns. Cats, seals, and mink have scales that are called
spinous and resemble petals. Human hair has cuticle scales that are flat-
tened and narrow, which are called imbricate (Figure 3-12).

Figure 3-12 Imbricate (human), coronal (mouse), and

spinous (cat) cuticles.

g Y W

Imbricate Coronal Spinous

As you recall, Locard’s Principle of Exchange maintains that two objects in
contact will transfer materials. It is the fundamental reasoning behind the
use of trace evidence in forensic investigations. One of the major examples
of trace evidence is hair. Remember that, as with all trace evidence, the
presence of a suspect’s hair at a crime scene does not prove his or her guilt

Collecting Hair in an Investigation

because you cannot prove when it was left there.

When investigators enter a crime scene, they collect trace evidence,
including hair. Hair can be collected from the crime scene, suspect(s), or
the victim bv plucking. shaking. and scraping surfaces. It can also be col-
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