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ABSTRACT

The objective of this research is to analyze the differences between the particles of occupation
origins and gunshot residues (GSR) delivered from Lead-free ammunitions. The results can be used as a guide
to identify who is innocent of a crime. The studies focused on the elemental composition of particles of
occupation origins in 115 um spherical shape, and compare the morphology of the particles with particles of
Lead-free GSR. The determinations were carried out using SEM/EDX. The results show that the most of
particles contained Si as the major component and Al as the minor elements. A group of particles is an
essential element of Lead-free GSR particles and can be found at installation and repair automotive glass
workers, automotive painters, and ceramic workers. The comparison with particles of Lead-free GSR found
that only particles from the automotive glass workers -6 contained the elemental composition which is the
same as particles from Winchester WinCleanTM, and the automotive painters-4 which have elements of similar
particles of Remington/UMC LeadLess . By studying and analyzing the morphology of those particles, the

results are different from particles of Lead-free GSR.
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Morphology

Particle Elements Shape Size (um) Texture
Winchester Cu+Zn Spherical 0.5-6 Smooth
WinClean'" K+ Al+Si+Na Spherical/ “teardrop” 6-10 Orange peel

Al + Na, Ca, or Mg Spherical 6-10 Smooth
Remington/UMC Cu+Zn Spherical 1-6 Smooth
LeadLess Al, Si, K (trace Na) Spherical 5-15 Smooth/pocked

Al, Si, K (Na or Ca) Varied 20+ Smooth to angular
Federal Cu+ Sn Spherical 1-6 Smooth
BallisticClean"™" Al Si, Ba, K (Na) Spherical 4-10 Heavily pocked

Al, Si, Ba, K (Na) Irregular (globular) 10-35 “Rockpile”
Speer Lawman Cuor Cu+Zn Spherical 2-5 Spherical
CleanFire ™ Sr, Al/Si, or Cl1 Spherical 3-20 Crackled

Sr, Al/Si, or CI Spherical 20+ Heavily fissured

319N 2 anzn1FlumsAn¥1Iveved SEM/EDX

d' = a o 1 zs'
annzildlumsdnise AN
Vo Y1 ag .
1. Ang 1 159818nA59U (accelerating voltage) 15kV
2. ANUUENE U gy INA (working distance) 4.5 mm
3. MAUBIEN N (magnification) 5000x
4. WA 11 EDX (EDX acquisition energy) 1-15 keV
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Sample - particle

Composition

FIAAAIUIAZFOUNTZINTOUA - 2
FIAARIIAZFOUNTZINTOOUA - 3
FIAARIAZFOUNTZINTOUUA - 4
FIAARIAZFOUNTZINTOOUSA - 5
FIAARIIAZFONNTLINTDUSA - 6*
FIAARIIAZFOUNTLINTOOUA - 7
FIAARIUIAZFOUNTZINTOOUA - 8
AU T59UIE3 10 - 2

] = 4
FUNATOYURA - 4*

Al, Si, K, Ca, Fe, (trace Na)

Na, Al, Si, K, Ca, Fe, (trace Mg)
Al Si, K, Fe

Mg, Al, Si, K, Fe

Na, Al, Si, (trace K)

Al, Si, K, Fe, (trace Na)

Al S, K, Ca, (trace Si)

Al Si, K

Al Si, (trace K, Na, Ca)
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FINAAAULASHFDUNTEINTDYUA - 6;

Na, Al, Si, (trace K)

Winchester WinClean TM;

K+ Al+Si+Na,

FUTTOOUS - 4;

Al, Si, (trace K, Na, Ca)

Remington/UMC LeadLess TM;

Al, Si, K, (trace Na or Ca)
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Morphology
Particle Shape Size (um) Texture
AR TOUNTZANTOBUS - 6 Spheroid 5 Not smooth
Winchester WinClean ™ Spherical 5-15 Orange peel
FNATOOUA - 4 Globular 10 Not smooth
Remington/UMC LeadLess ™ Spherical 5-15 Smooth /Pocked
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