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In the laboratory portion of an Instrumental Analysis
course. it is instructional to ~erformex~erimentsthat
introdice students to methodsAofanalysii that illustrate
the ca~abilitiesand limitations of a articular instrument.
At the same time it is instructional to provide a "motivation" for performing the experiment so as to maintain or
pique the students' interest. This note outlines a student
experiment using graphite furnace atomic absorption spectrometry for the analysis of a gunshot residue.
The desire to determine if an individual has discharged
a firearm has prompted the development of several methods of analysis for a gunshot residue determination.' One
approach is to analyze for the trace metal constituents
arising fmm the primer of a cartridge. Primers in a loaded
cartridge explode from percussion when struck by the firing
pin of a gun thereupon producing a flame that ignites the
propellant. The composition of a modern, noncorrosive
primer is showninTable 1; the compositionwill vary with
the manufacturer and not all primers contain all of the
listed metallic compounds.
Table 1. Composition of a Noncorrosive Primer
Material
Lead trinitroresorcinate
Barium nitrate

Caution:Obviously, great caremust be taken toensure
that blanks are used and that the handgun, when
discharged, be pointed in a direction away from people. Inaddition,earandeyeproteetionshouldbe worn.
One or two shots should be fired by the student using one
hand while keeping the other hand behind hisher back.
ARer the discharge, another student should coIlect the
gunshot residue by swabbingthe index finger,webbed hand
area, and the back of the thumb, using a cotton swab (i.e.,
a Q-Tip), soaked in a 5%nitric acid solution. Atotal of three
swabs are required for an analysis. One from the firing
hand, the second from the free hand (blank), and a third or
control swab. The solution of nitric acid is dilute enough,
and used in such small amount, that no damage to the skin
has been observed from swabbine. Law enforcement aeenties have used this solvent for many years with no reported
injuries; however, the hands should be washed utterswabbing.
Standards should be prepared in 5%nitric acid. Glassware should be leached overnight with 5% nitric acid and
then rinsed with distilled water to eliminate possible contamination. The conditions shown in Table 2 are used for a
Perkin-Elmer Model 373 atomic absorption spectrophotometer equippedwith aHGA400 graphite furnace controller; similar wnditions would apply to other instruments.
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Table 2. Parameters for Graphite
Furnace Atomic Absorption

Lead dioxide
Calcium silicate
Graphite
furnace
program

Antimony sulfide
Tetrazene
Typically, the metals analyzed in a gunshot residue are
antimony, barium, and lead; lead being the least important
due to its ubiquitous nature.3 The presence of barium
andlor antimony found above established threshold levels,
is considered substantial evidence for the presence of a
gunshot residue in a firearm discharge situation.
Experimental

To obtain a gunshot residue (without hanging out a t
crime scenes), it is convenient to have the student fire a
handgun using blanks, such as those used for starting
races.
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Table 4. Gunshot Residues-One Shot

Table 3. Standard Preparation
Standard solutions (in 5% HN03) are prepared to contain:

Source

Sb (uglswab)

Ba (uglswab) Pb (uglswab)

-

Flask 1

Flask 2

Flask 3

Sb ()lg/mL)

0.015

0.025

0.0625

Ba ()lg/mL)

0.15

0.30

0.40

Pb ()lgimL)

1.00

2.00

4.00

Standard and Sample Preparation
For preparation of the calibration curve, aliquots of Sb
are taken directly from flasks 1, 2, and 3 (as described in
Table 3). For determination of Ba and Pb, 1.00 mL of each
of the standard solutions is diluted with 4.00 mLof 5%
nitric acid.
For sample analysis, the cotton swab is placed into a
small rial (8-10 mL)and 1.00 mL of 5%nitric acid is added
to dissolve the residue material from thc swab. The determination of St, is then made at this dilution. After the Sb
analysis, 4.00 mL of 5%nitric acid is added to the sample
vial and determination of Ba and Pb is made. A plastic
Eppendorf pipet is employed to inject the samples into the
graphite furnace. Injection volumes are listed in Table 2.
Discussion
The experiment described should enable the student to
determine the presence or absence of a gunshot residue.
Any sample exhibiting values greater than that of any of
the middle standards on the calibration cnrve would be
considered as "indicative2'ofa gunshot residue. Table4 lists
some typical gunshot residue values obtained after the
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'ND = Not Detected

firing of one shot. The student has the opportunity to
establish threshold values by collecting hand swabs from
several people who have not discharged a fiream. It may
be instructive to have students choose people from different
occnpations; i.e., mechanics, secretaries, organic chemistry
professors, inorganic chemistry professors etc., because it
will become quite apparent as to the differing degree of
environmental transfer that may be present.
Another twist might be piven to this ex~erimentby setting up situations inwhichthe class tries tb determine how
a firearm was dischar~ed.
For examole.
. .did the sus~ectuse
two hands and, if so, was it left hand over right or the right
over the left. Another possibility may involve the suspect
just handling the gun or ammunition. In this situation
residue may be found on the palm or underside of the hand
and not on the back of the hand. It is left to the student to
determine how to "sample the suspect."
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