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INTRODUCTION 't

The analysis of residual materials from
firearms discharge often provides crucial
information in criminal investigation.

Detection and identification of gunshot
residue are commonly performed with the aim
of determining whether or not a person fired a
gun.
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INTRODUCTION ¢

Gun Shot Residue (GSR) is principally
composed of burnt and unburnt
particles from ammunition :

the explosive charges,

the projectile,

the cartridge case,

and from
the firearm itself.
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The primer components

Initiator
mercury  fulminate, lead styphnate,
diazodinitrophenol

Sensitizer
ground glass, tetracene, PETN

Fuel

antimony sulfide, powdered aluminum,
calcium~ silicide, nitrocellulose, carbon
black, lead thiocyanate

Oxidiser
potassium chlorate, barium nitrate
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X ray emission
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Scanning Electron Microscopy

The scanning electron microscope (SEM-EDX) is
considered in courts one of the most powerful tool
for forensic scientists.
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Classification of particles 1

“characteristic” “consistent”

Pb, Sb, Ba Pb, Sb

Ba, Ca, Si with S in Pb, Ba

trace Pb

Ba, Ca, Si with Pb in Ba with S only in trace
trace if Cu and Zn Sb (rare)

are absent

Sb, Ba

Wolten, G.M., Nesbitt, R.S., Calloway, A.R., Loper, G.L.,
Particle analysis for the detection of gunshot residue. II:

occupational and enviromental particles, Journal of
Forensic Sciences, Vol. 24 (2), pp. 423-430, 1979

ASTM E 1588-07

8.1.3 Particles with a composition characteristic of
GSR will have the following elemental profile:

8.1.3.1 Lead, antimony, barium

8.1.3.2 Particles with a composition described in
section 8.1.3.1 may also contain one or more
of only the following other elements: silicon,
calcium, aluminum, copper, iron (trace), sulfur
(trace), phosphorus, zinc, nickel (in
conjunction with copper and zinc), potassium,
chlorine, tin, and zirconium.
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CLASSIFICATION & INDIVIDUALIZAT

They are based on a comparison between the specimen
to be analysed and one reference sample (standard) of
known origin to determine if they belong to the same class
(classification) or they come from the same unique source
(individualisation).
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Cartridges

FC NT 9mm LUGER TMJ 124 g Non toxic Federal
9x19 SX DAG 04 F 0871 Green Range 6,19
R-P 9mm LUGER 115 gr FNEB Leadless
9mm LUGER CBC Clean Range Frangible
HP92 9x19 4 Schadtstoffreie Zundung LF
T08 9mm LUGER SINTOX RUAG

S & B 9mm NONTOX 115 gr

GFL 9mmx19 100 gr SPSN Action Training
GFL 9mm LUGER RHFP 100 Leadless
GFL 9mm LUGER Zero Pollution 147g

T T 7 71 cartouches d'ordonnance suisse

D T 12 61 cartouches d'ordonnance suisse
GFL ZP sjsp Sn 100gr

RWS Sintox 9 Luger FMJ 124gr

S&B Sinoxid 9x21mm FMJ 124gr
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ESC,

S10 : 126=particle 3, 127=particle 4 and
128=particle 5

-20um 51712582

il =Ky

Aim of the research

1. Examine particles sampled from cartridge
cases after explosion by SEM-EDS and
by IBA.

2. Examine particles sampled from hands
immediately after firing one shot by SEM-
EDS by IBA.

3. Relocate and analyse by IBA in IBC (UK)
particles analysed by SEM-EDS in RIS (l)

following the routine Carabinieri
procedure.
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Collecting traces: tape lifting
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PIXE spectrum — Sample 6
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RBS spectrum — Sample 10
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Comparing analysis
SE image (IBC) BS image (RIS)
Particle 1 Particle 2
(45 mm)
TP

PIXE spectrum — Sample 11
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Comparing analysis

P

Sample 10 particle 1 (pt 122)

20um 517121 PO Si Kat (UniS)

20um 517121 P0_K Kat (UniS)




EDS spectrum from particle 1, S10 PIXE spectrum from particle 1, S1

Comparing analysis ASTM E 1588-07

Sample Particle Technique Al |Si|CI K |C|Ti |Cr [MnfFe
| 10 1 |SEM vivly v ly v
10 1 PIXE y |y ly viy |72 vy |y

Sample Particle Technique Al [Si|CI C|Ti[Cr [Mn|Fe

|10 3 SEM v v
10 3 |PIXE yiyily ly lvily 17 [? 1y

8.1.2 The most definitive method to determine if a
particle is characteristic of or consistent with
GSR is by its elemental profile. An approach
to the identification of particles characteristic
of or consistent with GSR is to compare the

y Iy 5 | elemental profile of the recovered particulate

: . . : with that collected from case-specific known

Sample Particle Technique Al [Si|CI C|Ti[Cr [Mn|Fe .

m 5 sev U B source items, such as the recovered weapon,
| 10 6 pPxe  yiviylylvvly Iv v Ivly vl 15 | cartridge cases or victim-related items
whenever necessary.
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Potential Advantages of PIXE/RBS CONCLUSION
1. Increased discrimination power compared 1) lon Beam Analysis has shown
to SEM-EDS due to: increased discrimination power
a) reduction of overlap ambiguity compared to SEM-EDS in GSR
(e.g. Ka line for Ca and La for Sn and analysis.
Sh),
b) higher sensitivity to trace elements 2) The procedure developed seems
(e.g. S10  particles). promising to give supplementary
* RBS spectrum provides a route to accurate information in real cases. when
quantification of GSR particle composition SEM-EDS has ’ iven
(not possible with SEM-EDS). unsatisfactory results 9
» Use of B(p, )Be® nuclear reaction to )
detect B in GSR.




DISSEMINATION

20" International Symposium on the
Forensic Sciences of the Australian and
New Zealand Forensic Science Society
(ANZFSS), to be held in Sydney from 5 to 9
September 2010.

2010 Annual Meeting of the Firearms
Working Group of the European Network of
the Forensic Science Institutes (ENFSI), to
be held in Paphos from 9 to 13 November
2010.

At least one article to be submitted in 2010
to Forensic Science International
(www.elsevier.com).
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