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ABSTRACT: Ammunition having mercury fulminate-based primers are commonly manufac- 
tured by Eastern Bloc countries and used extensively in the Middle East. Gunshot residue 
(GSR) particles formed by firing these types of ammunition were examined. It was observed 
that much lower percentage of mercury-containing GSR particles were found in samples 
taken from a shooter as compared to the percentage of such particles in samples from cartridge 
cases. This fact must therefore be taken into account when interpreting case results. A 
plausible explanation for the results described is proposed. 
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The detection and identification of gunshot residue (GSR) particles by scanning elec- 
tron microscopy/energy-dispersive X-ray (SEM/EDX) analysis is now a well-established 
technique and is applied in many forensic-science laboratories. The mechanism of for- 
mation and the criteria for identification of such particles have been described [1-7]. It 
has been reported that it is possible to find discharge particles on a suspect that differ 
in composition from particles in the cartridge cases found at the scene of the crime. This 
can result from firing different types of ammunition in the same weapon [8]. 

The purpose of this work is to report on the observation that when firing different 
types of ammunition having primers containing mercuric fulminate, a much lower per- 
centage of mercury-containing GSR particles was found in samples taken from a shooter 
as compared to the percentage of such particles in samples from cartridge cases. This 
effect was first observed in a case of homicide that prompted us to carry out simulated 
test shots and other experiments to aid interpretation of the results. 

The Case 

At the scene of a homicide, several 7.62 by 39 mm Russian and Egyptian cartridge 
cases of the type fired by an AK-47 assault rifle were found. Although this type of 
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ammunition may be fired by other weapons, such as the Ruger Mini-14 and the SKS 
carbines and the RPD machine gun, these weapons were eliminated by the Weapons 
Identification Laboratory using class-characteristics marks found on the cartridge cases. 
Several hours after the incident, the suspect was apprehended in his home while show- 
ering. In the courtyard, several items of clothes were burning in a fire. The police 
extinguished the fire with water and the wet remains of the clothes were brought to the 
laboratory. 

Case Examination--Experimental Procedure 

After  drying, the clothes were sampled for particles using 3M double sided adhesive- 
coated aluminum stubs. SEM/EDX analyses for GSR particles were carried out by manual 
search using a CamScan III SEM combined with a Tracor-Northern TN 5500 EDX 
system? 

GSR particles from the cartridge cases found at the homicide scene were sampled using 
wood sticks and then transferred to aluminum double-sided, adhesive-coated stubs. 

The composition of GSR particles from Russian and Egyptian 7.62 mm ammunition 
was found to be similar and consisted of tin (Sn), antimony (Sb), mercury (Hg), sulfur 
(S), potassium (K), chlorine (C1), and copper (Cu) accompanied by small amounts of 
aluminum (AI), silicon (Si), iron (Fe), and zinc (Zn) (Fig. 1). 

The origin of tin in these GSR particles is not from the primer mixture, which consists 
mainly of mercury fulminate, potassium chlorate and antimony sulfide [9,10], but from 
a varnished lead-tin foil disc that closes off the priming cup from the inside of the cartridge 
case [10]. To confirm this, we dismantled the primer from Russian 7.62 mm ammunition 
and found that the foil disc was made of tin and the primer composition consisted of the 
elements: Hg, Sb, K, CI and S. The tin foil was found also to be present in the mechanism 
of hand grenades [11]. 

Five GSR particles were found only in the sample taken from the partially burnt jeans. 
All  five particles were without detectable levels of mercury (Fig. 2), while a large per- 
centage of the GSR particles from the cartridge cases contained mercury. It seemed 
therefore, that significantly less GSR particles containing mercury may be found in the 
samples taken from a shooter as compared to the amount found in cartridge cases. 

Experiments with Various Types of Ammunition Having Primers Containing 
Mercury Fulminate 

Shooting experiments were carried out with Egyptian and Russian 7.62 mm ammunition 
(Fig. 3a, b) (the same types of ammunition as were found at the scene of the crime) using 
an AK-47 assault rifle, as well as with Italian and Egyptian 9 mm Parabellum ammunition 
(Fig. 3c,d) using a 9 mm FN semiautomatic pistol. The Egyptian 9 mm and 7.62 mm 
ammunition used had similar compositions. The composition of the Italian 9 mm am- 
munition was different in the respect that it did not include tin (Fig. 4). 

First, the rifle was thoroughly cleaned and a person with uncontaminated hands fired 
six rounds of the Egyptian ammunition. Before shooting, a hole was made in a plastic 
bag that was put on the rifle so that the bag covered the hands of the shooter and the 
discharge region of gases, but the muzzle was outside the bag. After  shooting, the shooter 
rubbed his hands against the inside of the bag and his hands were sampled by a double- 
sided, adhesive-coated aluminum stub. The plastic bag was used to increase the number 
of GSR particles found (in order to improve statistics regarding composition), because 

3The case occurred in 1986, before the laboratory purchased a CamScan IV SEM equipped with 
an automated search system. See the subsequent discussion. 
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relatively fewer G S R  particles are found on a shooter  using a rifle as compared  to one 
using a handgun [1]. Similar tests were also conducted using the Russian 7.62 mm 
ammunit ion.  

The  shooting experiments with the 9 mm handgun,  were carried out in a similar way 
as with the assault rifle except that three rounds instead of  six rounds were fired for each 
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FIG. 3--Head stamps of  the ammunition used in the shooting experiments: 
(a) Egyptian 7.62 mm ammunition; (b) Russian 7,62 mm ammunition; (c) Italian 9 mm ammunition; 
(d) Egyptian 9 mm ammunition. 
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FIG. 4 - - E D X  spectrum of many GSR particles from Italian 9 mm ammunition. 
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ammunition type and no plastic bags were used. SEM/EDX analysis for GSR particles 
in samples from the hands was carried out using an automated search system attached 
to a CamScan IV SEM with a motorized stage drive and a four-sample holder combined 
with a Tracor Northern TN 5500 EDX system [12-14]. GSR from the cartridge cases 
were sampled as described above and were analyzed manually. 

It was reported that elemental mercury is formed in the reaction of the decomposition 
of mercury fulminate [15] according to the equation: 

Hg(CNO)2 + 2CO + N2 + Hg (1) 

Oxidation of mercury fulminate was also proposed [9] according to the equations: 

2KCIO3 ~ 2KCl + 302 (2) 

Hg(CNO)2 + O2--~ Hg + N 2 + 2CO 2. (3) 

To examine the possibility that evaporation of elemental mercury is the reason for finding 
much less mercury in GSR particles found on the shooter as compared to those in the 
cartridge cases, 7.62 mm cartridge cases after first sampling were heated in the oven at 
360~ for half an hour (boiling point of mercury is 357~ and then sampled again (second 
sampling). 

The possibility of the evaporation of mercury from particles being on the stub in the 
SEM (6 • 10 -6 mbar vacuum) was also tested with the 9 mm Egyptian ammunition. 
For this purpose, GSR particles from cartridge cases were sampled on the aluminum 
stubs coated with carbon conductive double sided adhesive tape (Structure Probe, Inc., 
West Chester, PA). Use of this tape eliminated the need to coat the stub with carbon 
and thus the possibility of mercury evaporation from uncoated particles could be ex- 
amined. The same area (2 by 1.4 mm) on the stub with many GSR particles was examined 
for composition immediately after the introduction of the stub into the SEM and then 
again 16 hours later (without the electron beam on). The same area was then kept for 
one hour under electron bombardment (absorbed current lnA)  and then examined for 
composition. 

Results and Discussion 

The results of the experiments are summarized in Table 1. It can be seen that in all 
cases a much lower percentage of mercury-containing GSR particles was found in samples 
taken from a shooter as compared to the percentage of such particles in samples from 
cartridge cases. It can also be seen that heating the cartridge cases at 360~ decreased 
the percentage of particles containing mercury considerably. This observation supports 
the claim of the formation of elemental mercury in the decomposition of mercury ful- 
minate as was reported in the literature [9,15]. 

No difference in mercury content was found between the GSR particles examined in 
SEM/EDX immediately after introduction into the SEM and the same particles 16 h after 
being in the SEM vacuum and following 1 h of electron bombardment.  

An explanation for the difference in mercury content between GSR particles in samples 
taken from a shooter and samples from cartridge cases may arise from the mechanism 
of GSR particles formation. As the firing pin strikes the primer housing, the primer 
explodes and the high temperatures obtained may vaporize the explosion products (GSR 
particles). Because of supersaturation, the GSR vapors may condense back as droplets 
[5]. As the exploding front comprising these droplets strikes the gunpowder, they are 
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TABLE 1--Results of experiments with various types of ammunition. 

Sample from Sample from 
Shooter's Hands Cartridge Cases 

Sample from 
Cartridge Cases, 

After Heating 

Ammunition N % Hg N % Hg N % Hg 

Russian 
7.62 mm 40 0 37 95 

Egyptian 
7.62 mm 25 12 50 82 

Egyptian 
9 mm 83 11 98 100 

Italian 
9 mm 28 0 75 93 

40 32 

45 35 

N = Number of examined particles. In the case of the Russian and Egyptian ammunition the 
examined particles were those containing at least Sn and Sb. In the case of the Italian ammunition 
the examined particles were those containing at least Sb and S. 

% Hg = Percentage of particles containing mercury. 

exposed to steep rises in temperature and pressure, from the ignition of the propellant. 
The temperature continues to rise as the gunpowder combustion proceeds [5,16,17[. 
Therefore, GSR particles which are mixed with the burning propellant moving in the 
barrel and then driven out of the flash gap or ejection port, would probably experience 
considerably more "heat damage" than GSR particles left in the cartridge case which 
had effectively less "contact" with the burning gunpowder. Consequently, it would be 
reasonable to assume that mercury will vaporize more from GSR particles moving with 
the burning propellant and ejected on a shooter, than from particles left in the cartridge 
case. 

Conclusions 

This study has shown that when firing ammunition that have mercury fulminate based 
primers, a much lower percentage of mercury-containing GSR particles are found in 
samples taken from the shooter as compared to the percentage of such particles in samples 
from cartridge cases. It is important that this is recognized by the expert when interpreting 
GSR case results. 
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