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Abstract: Primer gunsot residues (GSR) obtained from K1A and K2 rifles, and K5 pistol were analysed with

scanning electron microscopy/energy dispersive X-ray spectrometry (SEM-EDX) as basic data in firearm
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accidents. Ammunition of 5.56 mm is employed for K1A and K2 rifles and 9.0 mm for a K5 pistol. The
analyses of morphology, size, particle number, elemental ratio were performed for primer GSR prepared after
shooting 3 times. The detected content was Ba>Pb>Sb in most GSR particles but Sb>Pb>Ba or Pb>Sb>Ba
in some particles. In the statistical result of composition ratio of elements, the particles with more Sb than
Ba were detected in most primer GSR from a K5 pistol, 3~8 times more than K1A and K2 rifles. This results
can be employed to discriminate gun type between rifles and pistols. Furthermore, the size and the number

of particles can be applied to access the type of guns.
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trinitroresorcinate) 7} =2]4] AZ A] A A2 2221t}
©]%- Barium nitrate”} AFSFA| ZA] 2R8-51e] 3|kl
A FZ 220|& Antimony sulfidedl] A4S FF3l] &=
HOZ F& &R dAhste] A sheks HahA
71t} o] 9ol T17+A(sensitizer), WA (frictionator) S}
718t f71&0] H7t=Eed 99 Al 7HA F8 sgE
o] we FESE AA o] lead (Pb), barium (Ba),
antimony (Sb) Al 7FA] 142 o] H#3}eF FAREA
oAl mi%- Fasitt AR @Y Q4o A 9ol Pbe
HAEA, WiE ], 245357, EY, f2 SoA gl
53, Sbe 9 /A I, WE2e PbE e
oA ER1EH, o] 59| 4lslE2 W Folu S
oA ALAAAZA ARE-E o] ZIT} g Ba2 FIRIE,
AE2F FEfrolA FRIEA, Fol2HH ] barium
sulphatet= #=0l] & #7472l Ba] YHo|tt.> F7]
WAL o] 9o = o] T YAhE HEE 7HeA ol
ol HAsteF AR Al A Brlsste] 371
A A4 e 27 4Tt FA ek e 4Ar
£ H#stef AR 1AL Qlrts

¥ AsFoF WALZIALE A Bte] WARA] 2ol A3
A8 ¥ A2+ SEM-EDX (Scanning Electron Micro-
scope-Energy Dispersive X-ray)S ©|-8-3lo] e 2 4
EAAIE A A SR WALsl #4 (Neutron
Activation Analysis), AA34 =7 (Atomic Absorp-
tion Spectroscopy), HlEH UAFF E3F=A
(Flameless Atomic Absorption Spectroscopy), ICP-MS
(Inductively Coupled Plasma Mass Spectrometry) 5217
o]-g3te] T3S A skt 2ol MC-
ICP-MS (Multiple-Collector Inductively Coupled Plasma
Mass Spectrometry)& ©|-&-3lo] A 231} FA ol A3t
A7t A=Ak o]t Ao} FA Alke]
of wE HAstoF WAL RS FAHLE 4
st7] 98 2y g5 RdS o] &3t gl €
GSRo| H#L 2 HE 7|RI=HY=A] o™ e HE &
Ao 2EH ZIRJIHNAEA 9] A7 AP AT

2 AFoM = 37H F3 9 =3 F71< KIA
71#EE, K2 &%, K5 dF9 = #3222 (Primer
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SFIALR A 9] TheA o5 AT-ste] F71ARALA
A AsteFAL Aol Al 7R AR &83t
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21. 7|7 ¥ =#A
GSR ## 7]E(GRA 200K, ALTLIGHT, Korea)S
AHg-3te] 2 FH g HAstoF ZkAHE SEM-EDX(EDAX,
SS-550, USAYE ol-&3t 4=te] &8, 271, A=+
Z1¥]3 Ba, Pb, Sb EFH &S el SEM-
EDX®| ¥XZ7L Tuble 13} 74T},

22. A|B2FH|

AYALA AN A % 27 °C, 5% 58%2] 2719
A AR g9 AE2] K1A (SMG), K2 (Rifle),
K5 (Pisto)E 124 33 AFA SR, 18 ARE A
nith 53 Eulgo A GSR AF 71EQ FHEHIY
o] £ stubg o]-&3ted F st & AP
AHEE ZF stube 7 Ad ol wet Table 290

Table 1. Operating conditions for SEM/EDX

Model Automated SEM (XL-30)
EDX Si (Li) Standard detector
Software Genesis V6.04

Accelerating Voltage 30 Kv
Magnification %150

GSR particles
512x400 pixel

Measured
Image resolution

Table 2. Sample stubs under each conditions

Stub Gun Caliber
1 K1A(SMG) 5.56 mm
2 K1A(SMG) 5.56 mm
3 K1A(SMG) 5.56 mm
4 K2(rifle) 5.56 mm
5 K2(rifle) 5.56 mm
6 K2(rifle) 5.56 mm
7 K5(pistol) 9 mm
8 K5(pistol) 9 mm
9 K5(pistol) 9 mm
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Fig. 1. Distribution of GSR particle on stub.
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3}3L SEM-EDXE ©]&-3le] ¥ #sloFALE glgh
= 4R FH, 271, YAE GRlskdTh
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A% AN E A stubd] fieldE EDXE ©]&3te] 3
comp. | #3}F WARREALS] PR ol wheh &) 7}
Yeh = spectrums w4 3T
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3. Z1 &« &

3.1, | ZSofRtALel AXLSHER} 37| B=
HAslebRALe] AAFEH = Fig 204 BdRE A
I o] (@] 73 FE <k (bl ¥IER FH, (o)l
Folg]l Fejrt =ik 7 g e Jeje] gt
= 10 pmol3te] YAIV|E THE o] Fo] FAH=
1o]aL olHTh & 3 A ¢ vFA Y Adgt
= EY A 257 22 A FEE Y F2 YA
So] SHEHUAN BHA FEHFdEH AN ZolA = uf
Table 3& AR E YAES A7HR o] A9
2712 5 pm, 10 pm 71E2 2 37k Z7] HYS
HE2 Yepd T30tk U3 ©& A3l KIA
9} K2ollA Z+zF 21 & stubol| A= 10 um =L7] o)A+
9] AR FE AA AR F 2.5-4.5%% DA vl

2L

Table 3. Size ratio of Particles Generated from the Discharge
of K1A, K2 and K5

5 pm ©]&F 5 um-10 pm 10 pm )4

Stwb - 0g) %) (%)

1 79.66 11.86 8.47

KIA 2 100 0 0
(556 mm) 3 100 0 0
Mean 93.22 3.95 2.82

4 66.67 27.78 5.56

K2 5 69.23 23.08 7.69
(556 mm) 6 91.67 8.33 0
Mean 75.85 19.73 4.42

7 77.53 8.99 13.48

K5 8 68.71 17.01 14.29

(9 mm) 9 77.60 9.38 13.02
Mean 74.61 11.79 13.60

Fig. 2. Morphology of primer GSR particles containing Pb, Sb and Ba components. (a) spherical (b) flake shaped (c) agglomerate
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Table 4. Number of GSR particles on the stubs

3 1% 9) AL 4 325

Stub GSR particle 3 comp 2 comp 2 comp 2 comp lcom
total (Pb+Sb+Ba) (Sb+Ba) (Pb+Ba) (Pb+Sb) P
1 59 38 2 3 5 1
s ;(61A : 2 15 6 1 | | 6
0 mm 3 10 | 0 0 7
4 18 5 1 8 2 2
5 516@ 5 13 10 2 | 0 0
(5.56 mm) 6 24 13 | 6 2 2
7 87 51 8 7 13 8
K5

8 146 93 31 1 3 8

(9 mm)
9 192 139 30 13 5

Fig. 3. BSE/SEM images of GSR particles on field.
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Abe] A7) 7} ARTH= Al A njFo] B w Zu A
L5 = 9 mmEto] 5.56 mmEtE T =& Ao g 23
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Table 4NAE 7t §7] ERel weh WA &5
el ARY HBstepAte] A4S 1w
of BEE Gehiith. Hastebie £ 719
wee] el WAA oy 7] FueIA vz S
stel §71% AAb Bk vlwn 2HE FolA WA
3 ES E7] 90 BuE ) )0 B 2 wE
o weh the FejE A7) BB ¥ usepziatel
AAUNE F719% 7Pg 2P AF AN A

How AR 57 Luke BRo] Fasian
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Z} stubol| A WA = #3}FAALZIAL F 3 comp.
QA= KIAY A4 B 1570, K2& w7t 249
Wkl K57oll A= 9477 1= o= 2+ KIA,
K2l B8] <F 6.284, 108]l] alF3FAT 5.56 mm X
S-S ALgslE KIA, K22% 3 9 mmE-S A3t
= K5dF9 gAF Aole wH#skef vjg 9 A
Al &3l ZHAFe] 17]7]F(plume)e] FEN7T F719] F
Foll et thE ZoA 7119 Ao F oIt
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P49 v &S BaPb>Sh To 2 HEAFEE=E AL &
Atk H st A FAE = 3 comp. YA
O o]9f e YA ES 2e Fo] Rl
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A7} Zo} 58 HolAK(Fig 5(a), 7H I
F7F el lE FEl(Fig. 4(b), (¢)E 578A o] zth,

34. Zt giXjel A gEH|Eel §F

7t F719] sub¥ = | ¢shof WALZEALS] Pb, Sb,
Ba ¥4 v &S ¥431Y Fig 63 7+°] ternary plot
o2 =43} itk T oA o] A7) 8l Gl

2 4ol P o] 25
o] Hlgo] FH o g B HEoly HZ3THe Ph
Aie] v go] F2 RS
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Fig. 5. Morphologies and EDX spectra of the 3 comp. particles.
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1. X &spek WARRALS] FEjE tlFE 10 um ©]3}
o] e FHFE S} 10 um oY) 78 e AT
RS 25 @ FEY o E e 10 umeld
ol B3 & JAEL 556 mmES AL KIA,
K29l = ZH7F 2.82%, 4.42% HAE AL 9 mmErS:
AHEEE K5AZNAE 13.6% LA 0] HE b2 8
AR T 2EZ] AolE gl 4 i

2. &5, EnfgbolA wHAEE 7z 271 3 compe
AAFE KIAYAE Ha 1570, K2+ Fa 970, K5
oAM= Ha 9IE KS dFNA oF 6~108] B2 ¢
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Fig. 7. Scatter plot for Ba vs Sb standardized by Pb.
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3. WA oFRALe] ZF YAEL HlF-iE Ba>Pb>Sb
o] gFu &Szt UAA T Sh¥A9] ¥ &3} Bagd
2 H]go] AL HE = Sb>Pb>Ba &2 Pb>Sb>Ba 5
9] &S M YRS BAAUY. 7 F1E
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