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Study on Distribution of Characteristic Elements in Shooting
Residue on Shooter’s Firing Hand by Inductively
Coupled Plasma Mass Spectrometry

LI Xiang, XIA Xinxin,SONG Hui,ZHU Yu" ,ZHAO Pengcheng

(Criminal Investigation Police University of China ,Shenyang.Liaoning 110854 ,China)

Abstract In order to investigate the distribution of characteristic elements in shooting residue on shooter’s firing
hand, tin, antimony, barium and lead in shooting residue are extracted by ultrasonic extraction method. The
concentration of extraction solvent and ultrasonic time are investigated. The experimental results showed that using
10% HNO; (v/v) to extract shooting residue for 30 min has the best effect on the extraction of tin, antimony,
barium and lead in gunshot residues. The results show that there are more gunshot residues on the thumb and
index finger and palm,which provides a method for the investigation and identification of gun related cases.
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1.1 KF5NE

65 Y0 MR (P gl |25 R A FD . 2 =
J¥e 14 2, R (A 2 2t 1R 253K 50 A BR A FD o

Sn.Sb.Ba.Pb #5 % W K 100 pg/mL B #5
WEAH 25 1 T (W B bR v 4 5 P o0 ) SR 2 04 il
iR Vs VR R 0.5.30.60,80,100 pg/L B br #fE
T

Re FRUE R (10 png/L) K 1 000 pg/mL Ay AR
WEAH A T (W A bR 9 5 b o) SR 2 D0 il TR
VO R R T A

iCAP Q HLJEHE & 55 B TR BT L (32 & Thermo
Fisher A &), KQ-200VDE i 7 i ¥ AL (rpr [ 47 2
NEIDR
1.2 NEITEEG

SR FH 8 WO A % 1 AT B B LAk s
AR S HOLER 1,
1.3 e Ea

AL 43 AE FH TFAE e 5 TFAG 2P R R o
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Table 1 Main parameters of the instrument

28 HfE S8 BAE
FEFARIIR/W 15457 KWL R/ V 956
%ﬂk%&t}fﬁﬂi/ Lot %%’?Mf”ﬁ%/ 99.78
(Le+min ) (L emin 1)
R/ I St/

(L » min™1) 19.78 (L + min~1) 0-8
FACE I/ C 2.65 S FEVR EE /mm 5.00
Fx2 I
Table 2 Specifications of the firearms
A [ &R TS
FHE 54 HH K 51 A Fi
Fit 59 A 3 59 AT
T4 64 A X 64 ¥
Fit 77 XK 64 2T
Tt 92 Kk DAP92A T8

Fit T 9 mm % ] 5 T4 o
H 95-1 X # DBP10A i
T vh A 79 AR ph A 51 A Fi

1.4 HRRERLE
4.1 BER s

L 1S R o S LT N 1V e O 0 | ol = I 2
TG 5% BA 1 M5 s . SR R EDTA (20 g/ L) AR A4
T T em X1 em Kb FRE XL, 50k
54 XFH .59 XFH.77 X FA .64 X FH.92
KT FE5 T4 .95-1 XA 79 A vh A
S 10 k. B E . RERBCAAEFF 0L
FFE EFEODAFFOLTFFEMAGFED,
1.4.2 FEMALFE

BERESICA 10 mL 3R45, N A 2 mL 10% HNO,
VW BT R A X T 80 °C L 45 kHz, A 4
B30 min, FRIGIA WM E B ISR B e A 2
10 mL, % 55 .

2 HR5UE

2.1 BEUERFIIREMSL

i HBUS 700 SR FH R 5 T2 15 YL S i T R 3 T 2 B
RORAT — 28 14 52 0, 25 5% Al 9 % W 1 Wk B2 2R 500
102615 % .20 % Cv/v) B 45 J6 3 1 2 U % il L
EDTA(20 g/I) M 4E 3+ L m A 20 pL ¥ B R
250 pg/mL W98 B AURIHT OC R bRV, = IR &
B2 h s R ILE 1,

55 SR 3 Y . B MUK R I A i TR AR JRE e o v B
RORBA W ARAk  Z B A R T 8 3 J A R
FEHICHE I 38 AV AR e 8 R A A0 1) RO . AR T ik
BEFE 10 % HNO, VE B BUZ W
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Figure 1 Effects of HNO; concentration on

the measurement results.
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BCRAT — 7 [R5 W) 8 7 B[] o 60 52 1) 2 TR 5
FE I ] KL S e AR . 5 548 A I [E] (10,20,
30,40 min) X HRECR A, BEEL EDTA (20 g/L)
FRAERC T BN 20 pl ¥RBESN 250 pg/mll Y85 56 4
VR T EAT A AR 2 ho A gs R LA 2,

SRR 4 HUSCA B A R I () 39 i 3
MR A ZE 30 5 40 min Z[A]B, AL ANE B, %
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Figure 2 Effects of ultrasonic time on

measurement results.

2.3 HEEEE
2.3.1  ZeMEEE 5 BR

Bedi 0.5.30.50,60,80 pg/L 4 Pb.Ba,Sb #i
Sn RS PRIER W . LARF I JC 2 Y BT 5 Wk B2 o Ak A
i XN 5 BE A5 5 o 9N Ak bR 2 Tl A o il 4R (L SR
3). GiREY] Sn.SbILRTE 1~80 pg/L 1 Hl WL
PEXR R RUF.Ba . Pb JLRTE 5~80 pg/L i Fl N LM
KRR MK RERDH ¥R T 0.999, eI I =
GIPTEER . WS FES I E 11 9k, LA 3 A5 b o I 22
THAR R L DL 10 A5 Am v O 22 11380 s BR (L3R 3D,
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Table 3 Linear ranges,linear equations, correlation coefficients,detection limit and quantification limit

JLR LM/ (g LD A )5 A2 R? Krth R/ (g « L°D) ERMR/(pg e LD

Sn 1~80 y=5.777X10°x+1. 958 X 10° 0.999 6 0.08 0. 27

Sb 1~80 y=6.191X10%x+1.164X10° 0.999 3 0.13 0.43

Ba 5~80 ¥y=2.399X1032+1. 671X 10" 0. 999 4 1.17 3.91

Pb 5~80 y=7.844X10"x+9. 203X 10" 0.999 3 0.23 0.77
2.3.2 K E RO A B SR 2.4 HEEFHHEERBUIN

FFARAL B9S2 36 S AR 04T 28 VIR NS 58 . 43 )
123 AR AESC 7 ¥R 10.30.50 pg/L =K
PR UEVS W B RN IR I 5 6 Wk, 25 SR L 4, %8
IR AL BT (0 I b [l e 5 g 83. 6 90 ~ 104 %6, AH Xt
FRUEm 2% RSD 7F 3. 8% ~5. 7%, # W Jr vk H A 8
T 1A HG %88 S R T

T4 MEEKRERETE

Table 4 Spiked recoveries and precisions (n=6) /%

N 10 ug/l, 30;},g/L 50 y,g/L
TE Wik RSD Wik RSD BE  RSD
Sn 93. 8 4.3 103 4.6 93. 6 3.8
Sb 836 5.7 8.2 53 8.7 5.0
Ba 94. 4 4.6 95. 4 4.2 93. 6 5.6
Pb 95. 6 3.7 104 4.8 96. 4 5.3
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MRE . w54 NP4 .59 XFAR .64 XFHE .77 K
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XFFAEMH X TFAR GRS~ A F IR0 B
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S R LN i R S = DR 3 R 7 A
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Table 5 Measurement results of ten shots with the type 54
pistol in different areas of hand /(pg-+ L")

ek 54 R T4t
Pb Ba Sb Sn

25 0. 46 4. 36 9.14 4.91

No. 1 72 F3 553.43  391.94  117.17 89. 40

No. 1 T 30.17 37.96 13.17 2.95
No. 1 ZF &N 633.71  433.65  128.61 102. 28
No. 1 47 F-3 654. 72 368. 4 169. 54 125. 60
No. 1 5 F#% 233.96  220.04 71. 15 22.09
No. 1 A FEH 778.94  540.44  234.23 231. 70
No. 2 e F% 393.36  446.60  143.99 121. 14
No. 2 2 F3% 72.827  134.49 47.38 18. 46
No. 2 TR M 659.98  814.37  298.95 402. 30
No. 2 #i F% 208.67  306.69  115.46 108. 83
No. 2 £ F1% 124. 97 83.16 23.323 8.169
No.2 fiF-En 930.09  804.81 365. 3 540. 98
No. 3 & F4% 600.72  768.47  321.50 318. 90
No. 3 £F# 128.73  169.79 53.19 33.92
No.3 ZFEH  1836.72 1247.96  655.17 965. 90
No. 3 4 F-% 971.45 1007.75  374.12 337.25
No. 3 #i F#% 459.92  424.10  191.41 236. 83
No.3 f7F &N 2125.67 1501.68 752.10 1 085.34

T AXFRI0AXFEFBIRARFHMELER

Table 7 Measurement results of ten shots

with the type 64 pistol in different areas of hand

/(ng+L7")
b 64 X T4t
Pb Ba Sh Sn
=N 5.73 20. 75 4. 85 3.74
No. 1 72 F3 627.18  464.62  256.77 241.78
No. 1 Z£Fi% 376.12  242.71 137. 71 117. 29
No. 1 ZF €0 1018.31 870.05  387.08 490. 32
No. 1 45 F-% 892.81  816.33  451.23 591. 13
No. 1 £ F1% 347.83  405.88  189.88 187. 39
No. 1 & F €0 1587.93 1406.23  706.50 758. 03
No. 2 £ F-% 260.76  183.59 94. 26 92. 07
No. 2 £ F ¥ 129. 85 150. 50 55. 09 25. 49
No. 2 ZZF & 435.03  508.36  160.78 144. 71
No. 2 #7 F% 864.69 1279.14  609.19 836. 37
No. 2 5 F-#% 390.58  613.88  227.00 324. 85
No.2 #5 ¢ 0 726.15  833.46  376.46 364. 58
No. 3 £ F-% 553.37  371.11 137.59 140. 91
No. 3 &£ F¥H 57.26 60. 45 22. 87 4. 87
No.3 AT N 1145.49 711.57  260.99 281. 01
No. 3 45 F% 755.80  736.82  307.96 397. 80
No. 3 #7 F1% 217.90  265.92  125.94 134. 17
No.3 & F 80 1666.99 1434.83 530.82 824. 16

R6 IIXFRI0VIFHEFBARNRBHNEL R
Table 6 Measurement results of ten shots

with the type 59 pistol in different areas of hand

£8 TTXFRI0RHFEFHBARARBHNELER

Table 8 Measurement results of ten shots

with the type 77 pistol in different areas of hand

/(pg-L7")
HeA WA
Pb Ba Sb Sn
=] 1. 34 1.08 46.07 14. 42
No. 1 £F% 353.35  342.34 128. 45 61. 30
No. 1 £ F 96. 21 55. 10 65. 46 5.11
No. 1 £ZFFE N 805.80  283.46 104. 67 41.58
No. 1 5 F% 440. 44 374.28 168. 36 120. 65
No. 1 £ F 192. 95 102. 11 286. 12 9. 687
No. 1 AHF kO 934.76  243.95 74.13 44,61
No. 2 £ F% 141. 37 85. 02 75.57 5. 35
No. 2 £ F1 75. 30 50. 41 35. 95 6.91
No.2 Z£FFEH 206. 04 164. 48 123. 68 20. 24
No. 2 £ F4 186. 60 141. 92 92. 95 20. 76
No. 2 17 Fi¥ 88. 34 54. 36 49.78 6.31
No.2 /TN 280. 04 123. 35 62. 66 32. 36
No. 3 Z£F% 121. 07 83. 00 38. 88 6. 41
No. 3 &£ F1 35.78 31. 26 11. 78 1.31
No. 3 ZFE N 196. 80 169.73 180. 18 63. 33
No. 3 7 F% 145. 71 57.98 63.12 3.70
No. 3 £ F1¥ 90. 05 66. 49 36. 68 6. 04
No. 3 HFkn 287. 87 117. 85 246. 84 25. 62

/(pg+L7")
77 X F
L Pb Ba ﬁq:*gb Sn
= 0.28 0. 30 11.13 4.70
No. 1 /£ F-3 234. 61 161. 94 73.34 61.03
No. 1 ZF% 96.12 62.16 28.53 11. 36
No. 1 ZZF £ O 393.09  505.32  233.00 225. 56
No. 1 45 F-% 331.40  141.33 63.92 29. 89
No. 1 #5 F-7% 113.88  107.22 33. 88 13.97
No. 1 £ F & 1 574.32  314.21  172.65 183. 35
No. 2 & F% 287.18  308.27  127.38 175.78
No. 2 £FH 128. 22 52.63 44. 31 9.33
No. 2 ZAFE M 298.93  358.86  184.74 205. 36
No. 2 5 F% 290.14  139.36 77.83 49. 99
No. 2 5 F#% 169.73  245.29 67.67 75. 26
No. 2 £ 180 519. 24 649. 4 273.13 288. 50
No. 3 /&£ F-% 256.17  295.22  100.16 68.16
No. 3 £ F ¥ 74. 68 88. 69 33.91 17. 36
No. 3 A£F K H 368. 75 91.76 44. 64 10. 82
No. 3 5 F-% 297.47  195.79  118.42 112.08
No. 3 45 F 85. 54 80. 00 28. 25 21. 46
No. 3 TN 385.85  399.37  166.30 151. 93
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Table 9 Measurement results of ten shots

with the type 92 pistol in different areas of hand

/(ng+L7")
_— 92 A T4t
Pb Ba Sb Sn

25 0. 30 0.56 3. 30 <LOD

No. 1 £F% 127.16 94. 36 56. 75 273.13
No. 1 £ T 16. 29 12. 80 6.55 13. 44
No. 1 £F &0 413.71 623.20  163.24 567. 56
No. 1 £ F3 175.83  126.04 53. 11 253. 84
No. 1 5 4% 73.66 115. 85 74.61 259. 82
No. 1 f1F 52 1 423.39  463.38  257.25 427.56
No. 2 &£ F% 160. 96 89.78 32.25 213.59
No. 2 £ F3% 45. 828 55.78 22. 28 29. 14
No. 2 AF KA 352. 47 204. 88 77.53 361. 09
No. 2 £ F% 212.87  88.761 57.11 254. 58
No. 2 47 1% 82. 62 74.75 39.98 183.01
No.2 f5 )£ 0 590.20  150.86  377.74 787. 81
No. 3 /&£ F-% 153. 32 69.53 135.75 246. 05
No. 3 £FH 59. 10 28. 84 12. 83 69. 76
No.3 £F k0 455.92  271.67  141.87 469. 06
No. 3 #5 F% 256.38  111.46 92.12 363. 92
No. 3 5 F-#% 116.73 97. 20 40. 28 184. 08
No. 3 f5F5£ 0 490.01  464.22  185.91 735. 83

St T 55 TFAR (W3R 10D, 55 50 F 4 1) 3 bt 4 1]
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Table 10 Measurement results of ten shots

with the police revolver in different areas of hand

/(ng-L7")
FEA %Fﬁ%%‘ )
Pb Ba Sh Sn

Z=H 4.08 17. 94 2. 80 1.33

No. 1 £ F % 844.12 359. 01 240. 31 220. 06

No. 1 £FH 53.93 66. 83 26.03 7.41
No. 1 £ F & [ 1179.72  723.45  421.07 437. 45
No. 1 45 F-% 195.70  196.18  109.01 70. 27
No. 1 45 7% 329.72  371.88  176.56 115. 14
No. 1 £ F 52 1 775.34  674.36  410.07 319. 89
No. 2 & T34 969.50  594.05  291.11 341. 36
No. 2 4 F1% 166.07  175.35 46. 70 12.55
No. 2 A£F KA 1559.24  827.31 390. 08 396. 26
No. 2 #7 F% 467.60  216.25 72.74 37.53
No. 2 #7 Fi¥ 342.67  381.51 170. 18 96. 71
No.2 FFE M 955.32  523.19  239.03 203. 71
No. 3 /&£ F-% 1722.02 813.44  483.79 585. 34

No. 3 £ F ¥ 56. 44 65.73 15.73 4.07
No.3 ZAFHE L 1467.15 1110.02 1115.07  997.97
No. 3 #7 T34 1493.86  649.00  439.91 555. 03
No. 3 #7 % 63.21 164. 26 51. 86 19. 44
No.3 A7 F M 1577.75 1536.35 765.14 1 008.65
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Table 11 Measurement results of ten shots

with the type 95-1 rifle in different areas of hand

/(png-L7")
v 95-1 L AR
A Pb Ba Sb Sn
= 1.37 2.37 0.53 1. 24
No. 1 £F%¥ 125. 98 142. 49 42.99 51. 24
No. 1 &£F# 43.51 116. 88 11. 33 12. 50
No. 1 £F RN 191. 30 153.49 51. 19 208. 88
No. 1 45 F% 168. 98 72.73 18. 86 7.63
No. 1 £ F1F 60. 64 117. 31 29. 95 26. 06
No. 1 A FE M 490.44  395.28  237.19 327.16
No. 2 £ F% 149. 81 141. 90 45. 36 34. 57
No. 2 £ F1 26. 10 98. 39 17. 24 12.73
No. 2 £FE 0 153. 25 124. 97 114.11 61.19
No. 2 #i F% 261.91 234. 96 98. 05 139. 54
No. 2 £ F3¥ 70. 88 209. 42 39. 88 40. 02
No.2 fiF RN 468.96  258.68 188. 23 251. 94
No. 3 A£F% 271.77  280.66 118. 94 132. 70
No. 3 & Fi¥ 30. 40 145.01 14.57 12. 30
No. 3 £F kN 301.60  258.44 151. 85 138.79
No. 3 fiF% 409.48  289.56 167. 56 173.95
No. 3 i FH 143. 09 172. 01 49. 20 38.09
No. 3 £ &0 961. 05 133. 33 47. 83 43. 26

XEF A A (L3 12 A TR T ERdsk
W BE ¥y T A AL ) 6 o5 B B vk BE A T L
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Ak oA e ke B A AR X A ) XA SRR

3 Hig

R 10 0 HNO, $2 UG o 5% B ke & s T
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ﬁ‘ﬁ‘m%%ﬁﬁmﬂﬁ% N R Fh A S R
FRAE & T 505k B8 Y S o 5k B L A5 SRR W R R T
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Table 12 Measurement results of ten shots

with the type 79 micro rifle in different areas of hand

/(pg- L")
N 79 2R A
s Pb Ba Sb Sn
2 1. 83 3. 85 1.28 4.73
No. 1 /£ F-4 251. 90 185. 98 128. 65 170. 91
No. 1 £F1 44. 05 47.68 2.35 0.95
No. 1 ZFEH 362.99  281.33  155.80 194. 32
No. 1 £ F3% 378.768 233.736 151. 21 175. 70
No. 1 AFH& 103. 245 69. 88 9. 38 12.73
No. 1 AF &0 900. 84 639. 81 532.70 636. 42
No. 2 /£ F% 197.33  201.55 77.26 77.09
No. 2 £F 20. 98 62. 06 13. 49 6. 35
No. 2 EFENH 264. 86 177.59 122. 05 167. 16
No. 2 £ F % 287. 20 340. 16 344. 41 320. 86
No. 2 5 F7% 32.76 53.12 21.08 14.08
No.2 AF K0 735.78 643.08 435. 88 693. 69
No. 3 Z£F % 117.91 134.12 62.01 45.55
No. 3 & ¥ 12.68 67.43 7.06 2.45
No.3 T 386.34  322.08  896.50  265.97
No. 3 5 F% 286. 24 402. 62 261.67 342.00
No. 3 HF& 51.72 76. 65 40. 43 40. 44
No.3 AF KN 603. 38 379. 85 190. 06 211. 86
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