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Abstract: Laser induced breakdown spectroscopy was used to detect gunshot residue (GSR) on a
shooter’s hand. Double sided tape pressed to the skin of the shooter was directly analyzed.
Characteristic emission lines identified GSR presence.
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1. Introduction

Whenever a gun is fired, gunshot residues (GSR) are expelled from the gun. The origins of GSR can be the primer,
propellant, lubricant, bullet, bullet jacket, cartridge case, and gun barrel. The presence of GSR have been used to
show that a person had recently fired a gun and patterns of residues have been used to predict firing distances.

The gunshot is initiated when the hammer or striker crushes the primer cup, causing the primer compound
lining the inside of the primer cup to ignite. The flame emitted from the primer cup ignites the propellant, which
decomposes and drives the bullet down the barrel. Heat generated by the ignition of the primer causes the inorganic
compounds in the primer to vaporize, but these vapors condense into droplets. With expansion and cooling on
leaving the barrel, many of these droplets freeze in their existing form. GSR from primer contains distinct particles
with the characteristic elements of the primer compounds. In addition to the “primer particles,” lead particles can
arise from lead bullets. GSR also may contain intact, or partiaily burned, propellant with particle sizes ranging from
large visible particles to a fine dust (1-7).

2. Experimental

Samples were obtained by going to a firing range and firing rounds from personal weapons. Samples were obtained
by pressing a small (0.5-inch diameter) piece of double sided tape to the hand of the shooter. The tape was mounted
in a time-resolved echelle LIBS spectrometer (8) and a single laser pulse was used to vaporize and excite the
analyte.

3. Results and discussion

The laser sampled an area approximately 0.3 mm in diameter. Figure 1 shows representative spectra of a blank
spectrum, a LIBS spectrum from a sample taken from the shooter’s hand after firing weapon, and a spectrum taken
from the shooter’s hand after washing with soap and water. The blank sample was taken from the same person, but
from an area under the sleeve on the opposite arm before firing. Spectral differences between the spectra taken after
firing and the blank have been identified. The lines in the blank are due to sodium, calcium, and atmospheric
emission. The majority of the lines in the samples after shooting are due to the presence of barium; some lead lines
are also present. The time required for the analysis was approximately 2 min.

A single laser shot ablates 0.06% of the surface, leaving the remaining 99.94% of the sample preserved for
SEM/EDX analysis. Additional sensitivity may be attained by averaging additional laser pulses at new locations,
thus improving the signal-to-noise ratio. The sensitivity appears to be excellent; the shooters were asked to wash
their hands carefully using soap and water. The firing hand was re-sampled with a new piece of tape. The results
show that gunshot residue can be detected, although the intensity after washing (Figure 1C) drops noticeably
(compared to Figure 1B). Samples were also taken after 1, 3, and 10 shots were fired. All spectra are qualitatively
identical. :
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Figure 1. LIBS spectra: (A) blank taken from underneath the shooter’s shirt before firing; (B) GSR sampled from
shooter’s hand after firing weapon; (C) GSR spectra taken from shooter’s hand after washing with soap and water.

3. Conclusion

There are two approaches to the interpretation of inorganic GSR results. The first approach is based on finding
particles with a “unique composition” that could only have originated from the explosion of a primer. The second
approach is based on finding particles that are consistent with the gun and ammunition used. The first approach is
limited by a low number of positives in actual casework, and the fact that the use of lead-, antimony- and barium-
free primers is on the rise. The second approach is only possible if the gun or ammunition is recovered along with
the particles (3).

The results presented here support use of LIBS for detection of gunshot residue. We have successfully used LIBS to
detect residue on the hands of a shooter who has fired a weapon. Characteristic emission lines are observed from
elements known to be present in GSR, principally barium and lead. The spectra of GSR samples are quite different
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from those of the blank. We have also found that, even after washing, detectable amounts of GSR remain. The
results reported here are preliminary and further work is in progress to confirm and validate the applicability of these
results.
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