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ABTRACT

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 1-15 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
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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 WinClean™, and the
automotive painters-4 which have elements of similar particles of Remington/UMC Lead-
Less™. 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, AUSi, or CI Spherical 320 Crackled

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

FNRANIUAZTDNNTEANTOBUG — 2
FNRAMIUAZTENNTEANTOBUG — 3
FNRAMIUAZTDNNTEANTOBUG — 4
FNRANIUAZTDNNTEANTOBUG - 5
FRAMIUATTENNTEANTOBUG — 6*
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FNRANIUAZTDNNTEANTOBUG — 8
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HNFS08UG - 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
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Al Si, K
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ﬁﬂszﬂauﬁaﬂﬁm Na (trace), Al (minor), Si
(Major), K (trace), Ca (trace) %ﬂﬁgﬂiwﬁau
779nay (irregular spherical / globular) uaz
fhaymeianyaeslaGey %aumn@hqﬁuaqmﬂ
wahilu Remington/UMC LeadLess™ #2110
5-15 um eUndfifanyuGoy Tognwunivaw
(@n ) (pocked) ‘uuﬁaagmﬂ mwﬁ' (2

NAMIANEIWUD mﬂaqmﬂﬁwﬂumi
Usznauadniisnadudussdusznauiduiiien
ﬁuagmﬂﬂamﬁﬂu %#1a Lead-free YNIA
ﬁuﬁé’nwmzﬁmgm (morphology) wanaald
NneuMaIUureinszguiuriio Lead-free
LﬁaqmﬂmsnalﬂmsﬁwLﬁﬂwmmgmmmh’ﬂu
(formation of GSR) Feilnsnusunangm
HdwmgmﬂLwﬁwﬂutﬁﬂﬁumnmsinﬁmamﬂwﬁ
?Tuaﬁhq‘nm%a meluszezian 1 millisecond
(ms) msﬂﬁqmwnﬁLLasmmﬁuﬁLﬂﬁﬂuLLﬂaﬂu
'isé'uﬁgjﬁumﬂu.asaﬂméwaqasimmlf%a W
Wlawmmmﬁﬂmimmt,ﬁu (Condense) nang
Lﬂuaqmﬂ [2,16,17,18,19, 20, 21] fohumémﬂ
ftinnnmsUsznaundnaaiedusisanuiou
Tunaneanwalinazduannmsnszunn msaan
MsEeed Msia Mste MsEeN WiemsAR
Tildnnmsszidouazien nsiaganad

Vlzxifl’ conductive double-sided adhesive
carbon discs gnﬁmﬁmmsﬁtﬁlmﬂué’amuqm

(negative controls sample) wunid C waz O
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g lvnuiilisnaniaasyiionly EDX Spectra
o ] = & o & ]
yaannead nEnmedadusigianmnsanulely
M35UsENBURIENBEUAIAIY FINNDIANUI
Au UYnngegaeiiasnngmihinldivendau
;MUUMBEN dmsumetefiiunniiawaiie
a o ]
Wuaeddssuiisy (handblank sample)
AnuNlemnnasIuwde (chloride salt) Wuh
14 ¥ ] 13
i Ca, K uaz Na (fluasdsznau ue bifidaugiu
1 = a [ a =
AaNNU NaNAa Na danwaziiunendnuuu

fiin du KC1 fanwasiludmaaniiue gl

M5d1598 3. (ud.) 12 (1) : 8.0, - §.A. 2555

dnvasdugumnizasaymansgudr mnayma
tusznause Ca uaz KC1 aymedianwamiiun
fcjuﬁm“ﬂunm (piles) (mwﬁ 3) IG]EIWUE)HI]’W]
vNaWMERYING 5 ~25 um wazladnwuhd Al
waz Si Wumg Audgealviiuhsiguazeymea
ﬁl@]yinﬂ negative control (taz handblank
sample ldvhlidanadosuulumsanmise
flaedUsznau FeannndasiunanIsdinuaag

Oommen (8% Pierce [11]

= = = o o ] A v = 4 o~ @ <)
AIINN 5 Lﬂ’iﬂULﬂﬂUEﬂﬂmﬂﬂu‘ﬂENG]’JE]EI']\?BL}I]']F]L‘llN’Wll(ﬂi]’]ﬂﬂ']'i“lJ’izﬂE]‘Uﬂ']‘ﬁW "ZNNﬁ’WlE]uL‘lJu

avdlsznaumiiousymawintuyiio Lead-free

Morphology
Particle Shape Size (um)  Texture
Fndnnuazdaunszansosud - 6 Spheroid 5 Not smooth
Winchester WinClean Spherical 5-15 Orange peel
FNFI0EU - 4 Globular 10 Not smooth
Remington/UMC LeadLess ™ Spherical 5-15 Smooth / Pocked

oy

@

i 1 BSE Image (1) aumawinannnszguu Winchester WinClean™ 3uUswnaunu (regular

spherical) dugiuwasaymadiioaaaildandu (orange peel) (2) ayumaildaniia

ANAANUBEDNNTEANTOBUG 293FUTNABUTINNAN (spheroid) waziipyMANan B

nlaieu eanafisaauanysasass
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@

Wi 2 BSE Image (1) aumawinannsegutu Remington/UMC LeadLess™ Zaun@iiianuas

= 1 dl' = d‘ kg <~ | = 14 =)
38Uy IﬂﬂWU'J’]NWE!NLNBBHﬂ']ﬂN‘ZIu']ﬂ 5-15 um (2) Bléﬂ?ﬂ“/llﬂﬁl']ﬂﬁdaﬁ"lﬂﬂ'iﬂﬂu@l -4 YU

10 um ﬁﬂ’izﬂauﬁ"mﬁwg Na (trace), Al (minor), Si (major), K (trace), Ca (trace)

FiigUsnApudnaw (irregular spherical/globular) uasinaymaiansuzliGay

15kU

1,588 i@

881 EMR Sc CMU

il 3 BSE Image Matsiithunnilawlaniailuimadalseuiieu (handblank sample)

= W
a'a;ﬂmam‘snﬂ
= a I'd = =
MsAn¥IKaLI ATz S uiauly
520UlANEINYAMATBIBUMANHNANNTUNG
1-15 um  wuhaymadwluad Si Hussd
Usznauvan (major) & Al Lfﬂuﬁmmﬁﬂizﬂau
) 4 o
584 (minor) Ll,a::aigmﬂwwuiuﬂﬂiﬂizﬂauaWﬁw
A o v & s v o o
FadisrnauttussdUsznauduifienivayna
1A = ld' k4 1 vV
2293V umNNansAnNlanuIlanan
ZNANNILALABNNTZANTOHUS AUNUITINIUKE
MBULENNALBLANEI0IUS  waztipdIezr

Tassasgamaluudasaymanuindiesun
aymaiiisngduiluasdisznaumiiauayma
wwiniluziin Lead-free nania aymaiildan
drfinnsuardannszaninaud-6 fisnasd
Usenaumiiaunuayniawaiidy Winches-
ter WinClean™ wazd9dsnaud-4 ds1009@
UsznaumilaunuaymawilUy Remington/
UMC LeadLess™ laglinuhiiaymeaanns
Usznauanzwla 1 Aifisaasdusznaumilaufuiy
mgmmmiﬁlu Federal BallisticClean™, Speer
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Lawman CleanFireTM uaz (CBC)Clean-
Rang® diavhmsnmnuasiansdnvasdogu
(morphology) wudwagmﬂﬁlﬂyé"ummmdq
miialunmsusznevadniidugruiuanely
NnayMAINUupLila Lead-free Wudl ms
Anwitelanamsdnwiiulumuanndgiuin
mnaqmﬂﬁlﬁmmnLLWdﬂfT%ﬁﬂMﬂﬁﬂizﬂﬂU
ndniisnsuduasdlsznauduidsnuaymea
s iusiin Lead-free aymatiugoui
anwmzdagIu (morphology) wuanaieluain
aumaiIYuzeinszquiugila Lead-free
il liwuhiaymennmatsznavarinle
apanguiagiiisnasdlsznaumiioufudu
auM AUy Federal BallisticClean™, Speer
Lawman CleanFire™ waz (CBC) CleanRang®

aehalsima ﬁ'ﬁﬁagmﬂﬁlﬁﬁﬁﬂwmsmq
nawflning 1-15 pm Unngagifuinuann
ﬁ”’qﬂ’qwuiwﬁagmﬂmmawumiwajniw 15 um
Fadralaidl ﬁy'ﬂum'iﬁﬂmf?ﬁumimm%’wqamﬂ
P09 NAASENGIEM (manual searching)
wailadvhlimsdneiseldszeznany a5
mmsiSeuigunumsasIade LUy auto-
matic searching La@N®MITATIVILATILWN

g o &
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