Hair Analysis lab

Part I:  Hair Analysis

**This lab was adapted from one created by the Biological Science Initiative at the University of Colorado. 

Hair was collected from the crime scene at Doctor Fischer’s apartment.  What characteristics of the hairs would you examine to look for differences and similarities?  How would you determine whether the hairs came from one of your suspects?
Complete the following activity to help you decide how you would distinguish between hairs. At the end you will be asked to list the criteria that you would use to establish identity.  The following explanation of the physical structure of hair may be particularly useful as you examine the hairs.
Guide to Identification
Unfortunately, hair is not the best type of physical evidence for establishing identity. It is not possible to show with any certainty that two hairs came from the same person or animal (unless you use DNA evidence from a skin ‘tag’ attached to the hair). However, hair can be used to rule out certain suspects or scenarios. It can also be used to corroborate (support) other physical evidence if it is consistent with the rest of the evidence.  How is hair analyzed?

The simplest method of identification is visual observation with the naked eye, which can indicate color, length, and amount of curl. Hair can also be examined microscopically to reveal characteristics of its physical structure. Hair is composed of three principal parts:

Cuticle – outer coating composed of overlapping scales.
Medulla – central core, which may be absent.
Cortex – protein-rich structure surrounding the medulla; contains pigment.

The structure of hair has been compared to that of a pencil with the medulla being the lead, the cortex being the wood and the cuticle being the paint on the outside.

Cuticle: The scales of the cuticle may vary in how many there are per unit of measure, how much they overlap, their overall shape, and how much they protrude from the surface. The thickness of the cuticle may vary as well, and the cuticles of some species' hairs may contain pigment. Characteristics of the cuticle may be important in distinguishing between hairs of different species but are often not useful in distinguishing between different people.
Medulla: The medulla may vary in thickness, continuity (one continuous structure or broken into pieces), and opacity (how much light is able to pass through it). It may also be absent. Like the cuticle, the medulla can be important for distinguishing between hairs of different species, but often does not lend much important information to the differentiation between hairs from different people.
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Cortex: The cortex varies in thickness, texture, and color and distribution of pigments. The cortex is perhaps the most important component in determining from which individual a human hair may have come. Microscopic examination can also reveal the condition and shape of the root and tip.

Hair is an outgrowth of the skin and is produced from a structure called the hair follicle. Humans develop hair follicles during fetal development, and no new follicles are produced after birth. Hair is composed of the protein keratin. Keratin is also the primary component of finger and toe nails.

Hair color is mostly the result of pigments -- chemical compounds that reflect certain wavelengths of visible light. There are two main pigments found in human hair: eumelanin, which gives color to brown or black hair and pheomelanin, which produces the color in blonde or red hair. Hair color may also be influenced by the optical effects of light reflecting and bouncing off the surfaces of the different hair layers.

Hair shape (round or oval cross-section) and texture (curly or straight) is influenced heavily by genes. However, nutritional status and intentional alteration (heat curling, "perms") can affect the physical appearance of hair.
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Lab Procedure

Part I:  Examine each of the different types of hair available to you under a microscope.  

a. Obtain a hair.  Some animal hairs are available on pre-made slides.  If you are examining a hair that is not pre-mounted, place the hair on a microscope slide and carefully position the cover slip. (This will be a dry mount). Examine the slide with a compound microscope. 

b. Adjust the magnification to 100x and sketch what you see. Label the visible components.

c. Examine the full length of the hair. Are there foreign particles on the hair shaft? Is the medulla fragmented, continuous or absent?  Give detailed descriptions of the cuticle, cortex, and medulla and describe any other distinguishing characteristics.  
d. At high magnification note the color, relative diameter and pigment distribution of the hair.

e. Examine the tip of the hair. This end can be determined by the gradual tapering of the hair. If the hair has been cut recently, you will see a square appearance at the end. Normally hair tapers to a fine point as it grows.  IF hair has split ends it is normally due to artificial waving, bleaching or repeated brushing.

f. Repeat the procedure for several other hair samples so that you will have examined hair of multiple colors, hair with artificial color (especially with grow-out of this color), gray hair and several types of nonhuman animal hairs.

g. As you examine the hairs, think about how they differ from one another and how you would use the differing characteristics to establish identity.
Some questions to consider are listed below.

1) How does the cuticle differ among hairs of different species? Different individuals of the same species?  
2) How does the cortex differ among hairs of different species? Different individuals of the same species?  

3) How does the medulla differ among hairs of different species? Different individuals of the same species?  

Part II:  Polarizing microscope

There is a polarizing microscope set up in the lab.  Look at several different colors of human hair as well as hair from other species with the polarizing microscope.  What do you notice?  

Part III:  Casting Scale Patterns

a) Clean a human hair sample by pulling it through a folded KimWipe moistened with ethyl alcohol.

b) Smear a glass slide with a very thin layer of clear nail polish.

c) Immediately place the strand of hair on the surface of the polish.

d) Before the polish has thoroughly dried, but after the surface becomes partially solidified, lift the strand of hair off the slide.  You should be able to see the scale pattern of the hair in your prepared cast.

e) Examine the cast with a compound microscope.  As always, begin viewing it under the lowest magnification and move to higher magnification.  Diagram the observed scale pattern.

f) Repeat this procedure with at least one nonhuman hair.

Analyze evidence from the crime scene

Hair from the crime scene and from each of the suspects (suspect A, suspect B, and suspect C) has been collected.  Your job is to examine the samples for each suspect and compare them to the hair samples found at the scene.  If any of the samples match, it could link one of the suspects to the crime scene.  You will need to document your work well.  If you believe you can match one suspect’s hair to the crime scene, you will need to justify your conclusion with specific data from your lab notebook.  Also, for the nonhuman hair, you should try to determine what species the hair belongs to.

