Forensic Firearms Analysis

Week 9, Winter 2007, Forensics & Criminal Behavior
It is not uncommon for law enforcement officers to encounter the use of firearms in criminal

investigations. Among other things, investigators often need to know the distance a firearm was held from the victim at the time of discharge. Determination of the distance from a target at which a weapon is fired can only be made by comparing the powder residue pattern around a bullet hole to patterns made by the suspect weapon fired at varying distances from a test target. If the suspect weapon is not available, the examiner will try to estimate the muzzle-to-target distance by examining the bullet hole(s) present on the target. Such factors as the presence of tearing, singeing, or melting of the fabric, the presence of carbonaceous smoke around the hole (unburned and partially burned gunpowder on the fabric), and the presence of metal particles are used in estimating the muzzle-to-target distance.

Smokeless powders are comprised of nitrocellulose obtained from cotton or wood fibers that have been treated with a mixture of concentrated nitric acid and sulfuric acid. Smokeless powder is therefore rich in what are chemically referred to as nitrates. When smokeless powder burns or

partially burns, as when a cartridge is fired, it will decompose to form what are called nitrites.
The presence of nitrites on a fabric can be very helpful to a criminalist who is interested in determining whether a hole in question was made by the passage of a bullet through the fabric. By establishing the presence of nitrites on the fabric, the criminalist can chemically show that a bullet made the hole. Furthermore, if a suspect weapon is available, comparing the developed nitrite distribution pattern to patterns obtained from firing the weapon at known distances can be a useful technique for determining the shooting distance from the target. Such information will help investigators decide whether a shooting case was possibly homicide, suicide, or an accident. The technique discussed is of particular value when the cloth is colored or a mix of colors and the gray powder patterns are not visible.

The firing of the weapon will not only propel gunpowder residues toward the target, but primer residues also leave the muzzle as a cloud of finely dispersed particles. These primer residues generally contain lead, barium, and antimony. These particles are capable of traveling for long distances (up to 10 ft). When they strike the target, they may adhere, becoming part of the visible residue pattern, or they may bounce off, leaving behind an invisible trace of primer residues. In addition to the primer residues, lead and antimony, removed from the bullet surface by the bore of the weapon, may be deposited on the target. Lead and antimony may also originate from the base of the bullet when it is pushed toward the target by the expanding gases in the barrel.

The sodium rhodizonate test is a sensitive test for many types of metals. By spraying the sodium rhodizonate solution around the area of a suspect bullet hole, a firearms examiner can detect the presence or absence of lead. At the present time, firearms examiners are experimenting with the possibility of using lead distribution patterns around a bullet hole as a means of determining the distance from which the bullet was fired. The colors developed with sodium rhodizonate are entirely dependent upon the metal present and the degree of acidity. At a pH of 3, a pink color is obtained with lead. The test can be made more specific by spraying with 5% hydrochloric acid. The hydrochloric acid spray changes the color of the product of the reaction of sodium rhodizonate and lead (lead rhodizonate) to blue. Apparently, this blue color is caused by the formation of a complex between lead rhodizonate and hydrochloric acid.

In this experiment you will examine fabric from a “crime scene” to determine if a firearm was involved and if so, the distance of firearm to fabric when discharge occurred.  In addition you will examine several weapons, bullets and casings.

Prelab Assignment:

1. Why are two tests performed to look for gunshot residue?

2. If a bullet has a mass of 0.35 g, how many bullets are required to obtain the same mass as a 17-pound turkey?

3. Based on the crime scene description below, create a potential reconstruction of the crime.

Experimental Procedure:

PART ONE…The Crime Scene

The body of a woman was found, draped forward at the waist over a chair, at an expensive ski lodge.  The body was found in a banquet room where a rowdy reunion party had taken place the night before. The victim was face down, in the chair closest to the fireplace, with her legs over the back of the chair.  Her feet were touching the ground.  The coroner noticed a small hole in the victim's shirt that could have been made by a small caliber slug; or it may be just a circular tear from an object punching through the material.  According to witness statements a struggle broke out between the decedent and her best friend, over who was going to open the last bottle of champagne.  Both women tumbled over the sofa, which was in front of the fireplace.  A bang was heard and the victim staggered dramatically to a chair and collapsed over the back.  Apparently both the victim’s best friend and her ex-lover sauntered away from the fireplace.  All of the witnesses claimed that the women were actors and that is was not uncommon for them to create a scene, thus the party continued. 

Your task is to determine if the hole in the fabric was caused by a bullet and if so, at what distance was the weapon discharged?  There are four fabric pieces for your examination.  One fabric sample is from the crime scene.  The other three are from the test firing range where weapons were discharged at distances of point-blank, twelve inches and two feet.  All four fabric samples will need to be tested for nitrites and lead residues.

Testing for Nitrites

1. Desensitize ordinary glossy photographic paper by placing it in a hypotonic bath for 5 minutes (four sheets will be necessary).

2. Wash off the hypotonic solution and dry the paper by placing it between paper towels.

3. Soak the photographic paper in a solution containing p-nitroaniline, 2-naphthol, and magnesium sulfate.

4. Dry the photographic paper between two paper towels.

5. Place a clean cloth towel on a flat surface.

6. Place the photographic paper on the cloth, emulsion side up.

7. Place the test fabric (face down) on this paper.

8. Place another towel, moistened with 10% acetic acid, on top of this.

9. Stack a dry towel on top.

10. Press the entire stack for 5 to 10 minutes with a warm electric iron.

A positive test will show a number of red spots, which correspond to the position of the partially burned powder grains (nitrites).  This test is sensitive to burned and partially burned black and smokeless powder. A permanent representation of the powder residue is produced without altering or destroying the fabric of the bullet hole. If the garment is bloodstained, the photographic paper should be moistened with 10% sodium hydroxide, using a cotton swab. The nitrite particles will now appear as blue spots on a pale yellow background and will not be mistaken for blood.

Testing for Lead

1. After testing for nitrites, spray each of the cloth samples with the sodium rhodizonate solution.

2. Overspray each target with pH 3, buffer solution. Record your observations, including the observed colors.

3. Overspray each target with 5% hydrochloric acid. Record your observations, including the observed colors.

PART TWO…Examination of firearms, bullets and casings
There are several disabled firearms, test fired bullets, casings and other materials of interest throughout the room.  Take some time to examine several of these items. Record your observations.  Use a dissecting microscope when appropriate.

1. Weapon:  Describe the weapon. How heavy is it? (Obtain the actual mass and also describe it comparatively.)

2. Bullets:   Diagram what you see and describe the firing pin mark, the striations, etc.  Can you identify the consistent marks on bullets fired from the same weapon?  Be certain that bullets get returned to the appropriate container. 
3. Burnt Powder:  Describe and diagram what you see.
4. Obtain an unknown. Examine the unknown and classify the unknown as consistent with a particular weapon, consistent with particular bullets, or a nonmatch.
Questions:

1. Was there visible gunshot residue on your fabric samples? Explain. (This would be from your visual observations before any chemical tests were performed.)

2. Why did the hollow tip bullets fired through sheetrock remained closed, while the ones fired through water opened?

3. Is it easier to compare firing pin marks or groove markings? Explain, using your recent lab experience as the example.

Summary Sheet for Firearms Analysis

1) What crime scene number/letter did you investigate? _________

2) Was the hole in the fabric from your crime scene created by a bullet? __________

3) Based on your scientific investigation, how far from the fabric was the weapon when it was discharged?   How did you determine this? (If your crime scene did not involve a firearm write N/A for this answer.)

4) Provide an adjusted crime scene reconstruction based on the scientific testing you performed in lab.

5) What weapons did you examine and what were some differences you noticed?

6) What was the number/letter of your unknown bullet?  ______________

7) How did you classify the unknown bullet? (Is it consistent with a particular weapon? Is it consistent with particular bullets? Is it a nonmatch?)

