Learning Science Through Forensics Activities   

Activity #7: Hair Analysis
Objectives:

Students will learn about the morphological characteristics of hair 




important to forensics.




Students will learn about the biology of hair and hair growth.




Students will develop their microscopy skills.




Students will develop their math skills.

Time:
2 hours if students are just completing the prescribed activities, longer if creating a reference collection

Introduction:  This activity examines the use of hair analysis for forensic purposes.  After learning about the biology (structure, function, and growth) of mammalian hair, students will examine some of the key differences among human hair samples and compare the human hair with the hair of other mammals.  The activity requires microscopes and a reference slide collection which could be purchased, prepared in advance by the instructor, or, as with other activities in this series, ideally the students could be asked to prepare a reference slide collection to aid in their identification of hairs found at staged crime scenes or in cold case evidence boxes (Activity #12).  


This activity provides an excellent opportunity to develop the students’ microscopy skills or to introduce them to how to use a microscope. Measurement of hair shaft diameters improves their skill with the ocular micrometer and calculation of medullary indices can further develop their math skills. Oil immersion is not necessary for this activity.
Instructor’s Notes: Hair Analysis

Procedures:  It would be ideal to precede this activity with a discussion of the physical and physiological characteristics of hair and hair growth and its evolutionary history, answering questions such as: “Why did mammals evolve hair?” “What is hair composed of?” The hair follicle is also an interesting structure to learn about.  For this activity, the students need to become familiar with the names of hair structures (hair follicle, root or bulb, shaft, and tip) as well as the layers which compose the shaft (cuticle, cortex, and medulla) as microscopic examination of these layers are key to forensic applications of hair analysis.  Sample resources for learning about these basic characteristics about hair morphology, physiology, and evolution are listed at the end of this activity.

A reference slide collection, containing a few human hair types along with some mammalian hair samples, is available for purchase from SK Science Kit and Boreal Laboratories among other sources. If the instructor and/or students want to create their own reference collection or augment a purchased one, students could be asked at the beginning of the forensics unit or class to start collecting hair sample, storing them in small labeled plastic bags in a refrigerator or freezer for later use. Alternatively, RJ Lee Group, Inc. provides a (pricey) searchable forensic animal hair atlas on CD-ROM for comparison purposes.

Students will need hair samples (including their own), microscopes, glass slides, labels for the slides, cover slips, forceps for transfer, clear nail polish to secure hairs for examination (particularly important when examining fine hair under dry, static conditions), and a slide box if a collection is to be created.  While the reference collection could be assembled as a series of labeled microscope slides, sketches of slides or digital images, if a camera that mounts to the microscope is available, would also work.  In combination with the data that the students will gather, the reference collection should be helpful to their future investigations. 
Resources on Hair:

Court TV Crime Library:   http://www.crimelibrary.com/criminal_mind/forensics/trace/5.html
The FBI Microscopy of Hair: Practical Guide and Manual for Human Hair (excellent):

http://www.fbi.gov/hq/lab/fsc/backissu/jan2004/research/2004_01_research01b.htm
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Hair Analysis

Introduction: Hair has value as physical evidence in a variety of crimes.  Hairs can be readily transferred between individuals and to other objects. With an intact root or the presence of follicular tissue, testing for nuclear or mitochondrial DNA is possible and then a hair may be linked to a particular individual. While the characteristics of hair samples that you will examine today typically can’t be used to identify an individual, they do provide forensic analysts with important and useful information.

Procedure:

Examining Human Hair

1) Obtain 4-5 strands of human hair from classmates that differ in color, length, appearance (curly, straight, wavy, kinky), and other characteristics such as being dyed or bleached.

2) Measure the length of each hair in cm.  Laying them on a piece of white paper can make this task easier and also readily allows for examination of the physical differences.  Record your observations.

3) Apply a strip of clear nail polish to the middle of a glass slide.  Choose 2 or 3 of the human hairs and place them on the polish.  Hairs that are too long to fit under the slide can be loosely coiled before placing on the polish.  Cover the attached hairs with a cover slip.

4) Observe under low and high-dry power.  In your lab notebook, sketch what you see, taking special note of the medulla, the cellular column running through the center of the shaft, and the cuticle, the scale-like covering of the shaft. Has the hair been dyed or bleached?  If dyed, the color will be present in the cuticle and the cortex, while bleached hair removes pigment and may appear yellow.

Human and Animal Hair: Focus on the Medulla
As you observed, the medulla appears as a central canal running through the hair shaft.  It is very useful in comparing hairs from different humans and in comparing human hair with the hair of other mammals.


The first medullary characteristic to be determined is called the medullary index is a relative number which compares the width (diameter) of the medulla to the width of the entire shaft. Human hairs typically have medullary indices of 0.30 or lower, while those of other mammals are greater than 0.50. 

The second medullary characteristic to be observed concerns the presence and appearance of the medulla.  Some hairs do not have a medulla and those that do, may exhibit partial (interrupted) or complete, unfragmented medullas. Other mammalian species exhibit a variety of medullary patterns that are species-specific and these patterns can be very useful

1) Obtain some human and animal hair specimens to examine. Follow the procedure listed above to examine the hair shafts microscopically.

2) Create a list of the hair sources in your lab notebook with columns for medullary width, shaft width, medullary index, medullary pattern, and other notable characteristics.

3) Use your ocular micrometer to measure the width of the medulla and of the shaft. Record the magnification for which these values were obtained.  While not necessary to the calculation of the medullary index (medullary width/ shaft width), these values can be converted to actual measurements if stage micrometers are available. Calculate the medullary index for each sample by dividing the medullary width by the shaft width.

4) Describe and sketch the medullary pattern observed. Note other distinguishing characteristics.

Human and Animal Hair: Focus on the Cuticle


The cuticle, or scaly outer covering of the hair shaft, can also be useful in forensics.  While not very useful for distinguishing human hair samples from different individuals, the scale patterns of the hair of certain animal species make them useful for comparison purposes. It is often easier to view the scale pattern if one makes a cast of the hair shaft for observation.

1) Using a clean microscope slide, paint a small area with clear nail polish, allowing it to dry until it is tacky.

2) Place a strand of hair on the polish such that the middle of the strand is laying across the polish with both ends free.  Allow the polish to harden before carefully removing the hair.

3)  Now you have a cast of the scale pattern of the cuticle.   Examine hair specimens from several species and sketch the pattern into your lab notebook.
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