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ABSTRACT: The subject of the presented study were thirteen samples of primer
residues originating from six types of ammunition, collected from shooters’ hands
immediately after shooting. The entire area of adhesive tabs with the secured mate-
rial was examined with the use of SEM-EDX method in the automatic manner. Fre-
quencies of occurrence of particles assigned to various chemical classes were
calculated for each of the shooting experiment performed. In order to find out what
kind of mutual relationships would reveal samples of gunshot residues collected
from various types of ammunition as well as from the same type of ammunition clus-
ter analysis was applied. The performed cluster analysis showed a promising ten-
dency of grouping ammunitions according to their types. Moreover, it was checked
that a sample of GSR from Makarov 9 mm ammunition, with some chemical classes
weakly represented, may be correctly classified into the appropriate group of sam-
ples of GSR originating from this ammunition.
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INTRODUCTION

Physical and chemical investigations of firearm discharge residues are
performed for a number of purposes:

– identification of gunshot wounds/damages (establishing the entrance
and the exit),

– estimation of shooting distance,
– distribution of GSR at a crime scene,
– estimation of the time since discharge of a firearm,
– establishing, whether a person has fired a gun, etc.
Fulfilling these tasks is always very helpful for reconstruction of an in-

vestigated crime. However, new challenges for GSR examiners arise, as with
a growing frequency the administration of justice asks about the type of am-



munition, and so the firearm, used in cases when the only evidence accessi-
ble for examinations are GSR. Thus, to the above list one more task should
be added, i.e. the identification of an ammunition from GSR detected.

One of the attempts to solve this problem is consideration of the qualita-
tive difference in the elemental composition of particles, i.e. searching for
“signature elements” (R. Keeley – London Metropolitan Laboratory, The Fo-
rensic Science Service; private information). Another approach is a system-
atic study of GSR originating from various ammunition types and using sta-
tistical and chemometric methods for evaluation of the analytical data, pre-
sented by Niewoehner [4] and Bro¿ek-Mucha [1, 3]. These works, performed
for single examples of guns and ammunitions so far, revealed the possibility
of group identification of the studied ammunition types. Moreover, it was
found that primer residues collected within a number of experiments per-
formed for the same ammunition, i.e. Makarov 9 mm, occur with similar fre-
quencies within the appropriate chemical classes, and so the results are re-
peatable [2].

The aim of the presented work was to find out what kind of relations
would reveal samples of gunshot residues collected from various types of am-
munition (with a number of repetitions carried out for selected ammuni-
tions). For the evaluation of possible differences and/or similarities of the
analytical data, expressed as frequencies of occurrence of certain chemical
classes in the entire population of the GSR detected in a sample, cluster
analysis was applied.

EXPERIMENTAL

The subject of the presented study was 13 samples of primer residues
originating from 6 types of pistol ammunition, collected from shooters’
hands immediately after shooting three times (Table I).

TABLE I. THE LIST OF PISTOLS AND THE APPROPRIATE AMMUNITION USED TO OB-
TAIN GUNSHOT RESIDUES

Pistol Ammunition
Number of

experiments
Notation

Browning 1900 Browning 7.65 mm 3 B

Browning 1906 Browning 6.35 mm 1 b

Beretta Luger 9 mm 3 L

P-64 & P-83 Makarov 9 mm 4 M

Margolin sporting 5.6 mm 1 S

TT-33 7.62 mm 1 T
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The whole area of adhesive tabs with the secured material was examined
with the use of scanning electron microscopy and energy dispersive X-ray
spectrometry (SEM-EDX) method in the automatic manner in the same con-
ditions, presented in Table II. The obtained results were manually checked
and corrected.

TABLE II. THE EQUIPMENT AND THE ANALYTICAL CONDITIONS OF THE MEASURE-
MENTS

Scanning electron microscope JSM-5800, Jeol, Japan

EDX Spectrometer Link ISIS 300, Oxford Instruments Ltd.

Automatic Search GunShot, Oxford Instruments Ltd.

Magnification 200 x

Accelerating voltage 20 kV

Working distance 10 mm

Acquisition time for single particle 5 s

Size of the scanned frame:

height
width
area

514 mm
658 mm
0.338 mm2

RESULTS AND DISCUSSION

Primer residues containing a combination of lead, antimony and barium
were taken into account. The number of particles representing these chemi-
cal classes was counted for each sample. Examples of obtained in such
a manner results are presented in Table III. As the total numbers of parti-
cles observed for various samples were different, frequencies of occurrence
of particles assigned to particular chemical classes were calculated accord-
ing to the following formula:
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where: Ni – number of particles of i-th chemical class; n – number of chemical
classes of particles.

In order to compare the data sets obtained for particular samples, each of
them was taken as a point in a multidimensional space where the co-ordi-
nates were frequencies of occurrence of 7 chemical classes of particles. Thus,
a measure of the differences between two sets of data, e.g. sample A and B
can be the distance defined in the following manner:
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rAi
– a rank of -th chemical class in sample A; rAi

– a rank of i-th chemical
class in sample B.

TABLE III. SELECTED EXAMPLES OF THE RESULTS OF GSR SEARCH

Chemical classes of GSR
Ammunition

B1 L2 M4

PbSbBa 222 136 4

SbBa 22 11 2

PbSb 108 89 43

PbBa 2813 25 1

Pb 733 260 11

Sb 336 1164 1196

Ba 914 19 0

Total 5148 1704 1257

For evaluation the distances among the studied samples cluster analysis
was performed. As the clustering method, further neighbourhood was ap-
plied. Results of the cluster analysis are presented in Figure 1. One can ob-
serve in the dendrogram that four clusters are present. One of the clusters
contains all of the studied samples of GSR obtained with Browning 1900 pis-
tol and Browning 7.65 mm ammunition (B1, B2, B3) and solely them. The
largest distance observed within this homogenous cluster was assumed as
a formal border above which samples belong to separate clusters. Another
cluster was created by all of the examined samples of GSR obtained with
P-64 and P-83 pistols and Makarov 9 mm ammunition and one sample ob-
tained with Beretta pistol and Luger 9 mm ammunition. Both remaining
Luger samples are placed in a cluster together with the sample obtained
with TT-33 pistol and the appropriate ammunition cal. 7.62 mm. The last
cluster consists of two samples originating from Browning 1906, Browning
6.35 mm and Margolin, 5.6 mm, thus from ammunition of the smallest cali-
bre. The performed cluster analysis showed a promising tendency of group-
ing ammunitions according to their types. Thus, it was worthwhile to check
how this approach works in the case of an “unknown” sample – X. For this
purpose a sample was chosen that was an evidence in a real case examined
in the Institute of Forensic Research, Cracow (Table IV). This sample resem-
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bled these routinely studied materials, i.e. with not all chemical classes rep-
resented, usually with the unique particles absent. The results of the cluster
analysis performed for all the experimental data, together with these of
sample X, are presented in Figure 2. One can observe that this sample is
placed within Makarov 9 mm cluster. Indeed that was a sample originating
from the use of P-64 and Makarov 9 mm ammunition. In Table IV the num-
bers of particles of the considered chemical classes together with the appro-
priate frequencies of occurrence and ranks are listed for both, sample X and
the most similar to it sample M3 for comparison. Although in X sample some
of the considered chemical classes were weakly represented, it was correctly
classified into the group of data obtained for other samples of GSR originat-
ing from Makarov 9 mm ammunition.

TABLE IV. DATA FOR SAMPLE X IN COMPARISON TO SAMPLE M3

Chemical classes of GSR

Ammunition

X M3

Ni fi ri Ni fi ri

PbSbBa – 0.00 5.5 52 0.02 4

SbBa – 0.00 5.5 2 0.00 7

PbSb 7 0.05 3 263 0.10 2

PbBa – 0.00 5.5 5 0.00 6

Pb 21 0.15 2 213 0.08 3

Sb 111 0.80 1 2059 0.79 1
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Fig. 1. Results of the cluster analysis for the experimental data.



Ba – 0.00 5.5 8 0.00 5

CONCLUSIONS

Frequencies of occurrence of primer residues of various chemical classes
are easy to obtain from the analytical results of GSR search and can provide
an additional feature characterising an ammunition.

The performed cluster analysis utilising this features showed a promis-
ing tendency of grouping ammunitions according to their types. Thus, it can
contribute to at lest a group identification of an ammunition in cases when
the only accessible for investigations evidence are gunshot residues col-
lected at a crime scene.

In order to elaborate a reliable ammunition classification scheme how-
ever, an extensive checking of the repeatability of the analytical results for
each considered ammunition is required. Also, additional information might
be necessary to be included for a more precise differentiation, e.g., from in-
spection into the internal structure of primer residues by means of the fo-
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Fig. 2. Results of the cluster analysis for the data including these from the experi-
ments performed and from sample X.



cused ion beam spectrometry [5] or on the chemical composition of other
types of residues (originating from the projectile, case and propellant).
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