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Abstract

Remaining of lead (Pb), antimony (Sb) and barium (Ba) which are inorganic substances
composed in gun primer residues were detected on backhand of 71 police officers using Zeeman-
graphite furnace atomic absorption spectrometer. The method is worldwide used in forensic
science laboratory for gunshot residue detection. Three types of guns; revolver, pistol and saw
off shotgun were used and fired with 1, 2 or 3 bullets. The residue was collected before and after
shooting immediately or 6 hours. The level of Pb, Sb and Ba on hands of 25 non-shooters, who
are Forensic Medicine Department’s Personnel (FMP), were also collected and quantified. The
data was compared to the previous values measured from hands of medical students as another
group of non-shooters. The result shows that students have less Pb, Sb and Ba contaminated on
their hands than FMP and policemen (before firing), respectively. All of Pb, Sb and Ba collected
immediately after firing with saw off shotgun were found less than those residues found after
firing with revolver or pistol. Whereas Pb was the most residue detected after firing with
revolver. But Sb and Ba were the most residues found afier firing with pistol. There are no
significant difference between the number of bullet shots and the concentration of gun-pritmer
residues, although the data appears to show that when number of bullet shot increases, the primer
residues is also increased. The restdues detected after firing immediately is significantly higher
than those residues found before firing. However, after 6 hours of firing only Pb was found
significantly higher concentration than those concentrations found before firing with revolver.
Use of the value at mean+3SD of the Pb, Sb and Ba found on hands of FMP and policemen as a
cutoff level could not differentiate cach shooter from non-shooter. However, use of the value at
mean+3SD of Pb, Sb and Ba found on hands of students as a cutoff level could differentiate
100% shooters from non-shooters after firing with revolver or pistol but not saw off shotgun
(75%) when the residue was collected immediately after firing, After 6 hours of firing the results
show only 33.3% positive when revolver or pistol was used and only 16.7% positive with saw off
shotgun. In conclusion, immediately collecting gun primer residues on backhand can
differentiate every shooters from non-shooters who fires with revolver or pistol but not with saw
off shotgun. And after 6 hours of firing the amount of residues found could not be used for a

differentiation the shooter from non-shooters, no matter what type of guns is used.
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AAS Atomic absorption spectrometry

GFAAS Graphite furnace AAS

ppb Part per billion

pe/L Microgram/liter

SEM/EDX Scanning electron micorscope/energy dispersive X-ray
Pb Lead (A2f12)

Sb Antimony (WRJ49)

Ba Barium (umf;ﬂu)

SD Standard deviation

RH Right hand

LH Left hand
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Zeeman graphite furnace atomic absorption spectrometer (Varian SpectraAA800 series,
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Tanfiy 0872 fusyyureufiumei lunsaruqunsesinswiiazifudeyn 1ag hollow cathode

lamps §IMSUMIAATINALHT WoL uazuuG ou

gilnsaimsive

L.
2.

=i
RV EY

ugnTs vie390013 ¥u1a 0.38 1. 88 Smith & Wesson, U.S.A.

Hunn Semiautomatic ¥H1A 0.45 1631, §3¥e Colt, US.A.

ﬂugﬂmaq#u wdnhulsemeTng Fadudhii Tilfnas g higndesaunguuie udil
msldfsnnlusdfifeasvensiuludszmalne

aszquilugn Taa dwmsuiugeTai 38, Yumn 45 naznszquilugnees wed 12

Swab w30'liMudd @denldivefitifuiiuden tasinndataeentranile miesn
T B miulddaaiiluanite

Pyrolytic coated partition graphite tubes (Varian, Australia)

Deionized water, ultrapure grade, resistance 18.0 wmTeny mnmém Maxima, EIGA ‘i:u
UF (Elga Ltd., England)

Gas argon, ﬂ11un?qw§99.993% @IEnmU SudmeTsaufaiive Simiadesln)

mrazalenAsgNaeia uuSen uazwase aamdudu 1 nfwias (E. Merck,
Darmmstadt, F.R.Germany)

Triton X-100 (E. Merck, Darmstadt, F.R. Germany)

Nitric acid (Trace metal analysis grade, J.T. Baker)

Nitric acid (Analytical grade, J.T. Baker)
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Az (Pb) Wa24 (Sb) HazuLIT oy (Ba)

Parameter Pb Sb Ba
Measurement mode Peak height Peak height Peak area
Sampling mode Automix Automix Automix
Calibration mode Concentration Concentration Concentration
Calibration algorithm New rational New rational New rational
Lamp current (mA) 5.0 10.0 20.0
Slit width 0.5 0.2 0.5
Slit height Normal Normal Reduced
Wavelength (nm) 283.3 217.6 553.6
Minimum reading 0.000 0.000 0.000
Maxmimum absorbance 1.4 1.4 2.0
Standard 1 concentration (ppb) 25 25 50
Standard 2 concentration (ppb) 75 50 75
Standard 3 concentration (ppb) 125 75 100
Standard 4 concentration (ppb) - 100 -

Smoothing (point) 5 5 5

Bulk std concentration (ppb) 250 100 250
Sample volume (pd) i0 20 10

Total volume (pL) 15 20 15

Make up solution 5% HNO, 5% HNO, 5% HNO,
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a4 2: Tlsunsugavgdl nar dasims lnavesuna Tuvwaunsvidistelduds sep 1-3) A1

w1 idhud (step 4-6) nazmizulasuarsifeglugilvesezaou (step 7-9) dmsumsdiasied

2N TAUAT99 Zeeman-GFAAS

Step Temperature Time Gas flow Gas type Read
¢C) (L/min) : command
1 85 5 3 Argon No
2 95 40 3 Argon No
3 120 10 3 Argon No
4 400 5 3 Argon No
5 400 | 3 Argon No
6 400 2 0 Argon No
7 2100 1 0 Argon Yes
8 2100 2 0 Argon Yes
9 2100 2 3 Argon No
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M 3: Tsunsugungil nat sasins naveaufa Tuvwunsvidied e fuds Gstep 1-2) ms
i (step 3-5) nazasfsuas 1ieg luglvesezasy (step 6-8) dmumsimsed

W3 JAaATeq Zeeman-GFAAS

Step Temperature Time Gas flow Gas type Read
C) (L/min) command
1 85 5 3 Argon No
2 120 30 3 Argon No
3 700 5 3 Argon No
4 700 10 3 Argon No
5 700 2 0 Argon No
6 2100 0.7 0 Argon Yes
7 2160 2 0 Argon Yes
8 2500 5 3 Argon No
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m91¢ 4: Tilsunsugmungdl nat sasms naveauds TuvwaumsviriaseialWuks (step 1-3) M3

w1 i step 4-6) nosmslasumisIfeglugtussezany (step 7-9) Fmsumsdaned

w6583 TAUIATO9 Zeeman-GFAAS

Step Temperature Time Gas flow Gas type Read
(C) (L/min) command

1 85 5 3 Argon No
2 95 40 3 Argon No
3 120 10 3 Argon No
4 1000 5 3 Argon No
5 1200 1 3 Argon No
6 1200 2 0 Argon No
7 2700 2.3 0 Argon Yes
8 2700 2 0 Argon Yes
9 2700 2 3 Argon No
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@199 5 : YTnaazAa wade uaz nuGey Jmiiaiiy pgL (ppb) Ansrsnuuundaiievn RE)

uazvdsiodne LE) vesyamnslumaInfiinsmans 1uau 25 51

*
o

azia Az Waa WA o i ou

Ae0a RH LH RH LH RH LH
Max 152 98 12 5 560 316
Min 3 10 0 0 9 44
Mean 41 38 3 2 211 174
SD 36 24 2 1 132 76
38D 108 71 8 4 397 229
Mean +SD 77 62 5 3 343 250
Mean + 3SD 148 110 10 7 608 404
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1514 6 : USumazia ware uez uuFon Tmitedly pe/L (ppb) fiasranuuuvseiionn (RH) uas

nasiiode (LH) vaud 1w diei1329 $1u7u 71 519 Aeumsieilu

ﬂgf;':] ﬂZf‘%’J HWAN WO !.!.‘U!%iEJ?J um’%‘an
mada RH LH RH LH RH LH
Max 299 574 30 79 369 159
Min 3 3 0 0 27 1
Mean 89 80 6 6 143 127
SD 67 95 6 11 80 72
38D 202 284 17 33 239 216
Mean + SD 156 175 12 17 223 199
Mean + 38D 291 364 24 39 382 343
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M4 7 : WS sumeufSinaezia wads was wuiS o Hvaedu pe/L (ppb) insenuuuiioun
(RH) unzdie (LH) v89nquyanaais 9 7 liliastdluuideu wiedeumsseiiu

Tasumauiludunde + Audsswumnasgu

Mean + SD
nqy n
AN a7 GEE] W9 LU e HuS e
RH LH RH LH RH LH

YAANINIAITY | 25 41 +36 38+ 24 3+2 241 | 211+132 | 174+76

fianyaeas
BIHTNA19 71 89 + 67 80+ 95 6+6 6+11 | 143+80 | 127+72
Wndnywwnd 2 | 10 2417 44 +32 1+1 0 70+38 | 61+21
infinyumaiia 25 27+ 17 25+ 15 343 3+2 | 100+54 | 102463

Asunng
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1914 8 - niSsuRsutFunuasia Wade 1y uuFou NATIINDVUHELT0Y1 (RH) uazde (LH)

1] J A Tt -, T P € - Y d' t
VHINPUAN ﬂullluﬂ'l'itlﬁﬂull'lﬂﬂumﬂ ‘Hiﬁlﬂﬂuﬂ'liﬂﬂﬂ‘u Taeldnungouanaium

VoA UTgIL UL IATTIY

Mean + 38D
ﬂfﬁill n
azn azn2 WA WA uuisey | uuSeu
RH LH RH LH RH LH
YANNTMAIYT | 25 147 110 11 7 608 404
Nansany
Bl ¥id1379 71 291 364 24 39 382 343
Tindnwwnd ® | 10 72 125 3 1 171 117
Undnumaia | 25 77 71 11 8 262 292
i)
ArsUNNd
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wihuneuaily 71 570 naeGluTiudl 35 110 nazndedadlu 6 ¥21u1 36 518

deilu 3 wila $1u9u 1, 2 uaz 3 Ha

PSinamea
sHnlu ﬁm::m (oob)
UANDG
OUTI (n=8) HAIGINUN (0 =4) AR89 6 FU.(0=4)
ifugnla 1 127 +97 5,563 + 4,729 1,613 +2,044
2 86 + 76 7,555 +3,562 1,197 + 628
3 79+ 67 5,118 +2,517* 1,017 + 1,178
Yunn 1 89 +52 1,080 + 1,297 213 +92
| 2 122+ 7 1,097 +498 244+ 129
3 88 +57 1,235 +422 383 +110
f/ugnwmé‘r:u 1 75 +48 967 + 746 254 + 108
2 60 + 24 1,381 + 1,850 201 + 51
3 77 + 88 1,291 +1,007 315+76
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dr0911 3 wila §1131 1, 2 1az 3 1R

Y3inamaig
wiiniy *ﬁm?u (o5b)
UANIN
ABUES (n=8) HAWGWUA (n=4) RSB 6 FU.(n=4)

Thugnlsi 1 7+6 236 + 175 127 + 214
2 4+5 3434285 99 + 63
3 4+4 175 + 120* 24+ 16
tuwn 1 4+3 186 + 151 1448
2 8+5 260 + 190 27415
3 8+7 458 +351 76 +30
flngncyaa&w’u 1 10+ 10 27421 249
2 4+2 99 + 150 11+3
3 5+6 61+ 63 17+3
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M1 11 : YSna uuBSey Aasewuuuvdsiisdrangatluvveadmiiidistesou 71 510 Tas
wninlunsugilu 71 510 nasdaluiud 35 510 uazndeseilu 6 21149 36 510

favthu 3 wila §1u9u 1, 2 nae 3 a

WTnauuiFe
itmily ﬁi‘m;u (o5b)
HANY |
DU (n = 8) HAEIUA (n=4) NA98e 6 ¥i.(n = 4)

thignlai 1 119 + 41 506 + 73 273+ 145
2 157 + 105 730 + 374 2714173

3 106 + 20 352+ 30* 191 37
thinn 1 149 + 69  1,393+969 260+ 116
2 155+ 74 3,879 +2,146 195 + 74

3 154 + 115 7,650 + 3,986 272+ 117

ﬂugnomaz%"u 1 172 + 104 379+ 135 225452
2 139 + 82 467+ 214 168 + 30

3 134 + 74 392+ 123 185+ 63
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M1 12 : nsularansasinvitiuaina e asvsad g 1398 71 518 a1 gt

Wuding 6 2134 Tag19a1 cut off A1 mean + 38D MnAGUUARIATAIAINITHANTAART vSoR

150, 11 482 605 ppb FINTUAZNT WA HAZULLS UUA G IR

wilatlu fuau | $wnu | Suauiiidnauanudsde | S | suoudildeaunndds
viafigs | 578 () PYusiudi (510) 578 (n) il 6 F2Tua (310)
Pb | Sb |[Ba | sau Pb | Sb | Ba | s
1 4 4 | 4|21 2 4 41410 0
HugnTa 2 4 4 |4 3] 3 4 4 1 4]0 0
3 3 3|3 [o] o 4 4 | 410 0
1 4 41 43| 3 4 31210 0
unn 2 4 4 | 4| 4| 4 4 3 14| 0 0
3 4 4 4 4 4 4 4 4 0 0
1 4 3 3 0 0 4 3 3 0 0
Dugnuesdu 2 4 4 | 4 | 1|1 4 3 3]0 0
3 4 4 | 4 0] o 4 4| 4o 0
agl§nnudieddiliu 48.6 % 0%
wnfafiufesas

Pb =azN3, Sb = Wa34, Ba = IS oy
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13149 13 : mandanamsasaitiunndunfsus udmihiidisaesiuau 71 TIUNAIN B U

wudiuaz 6 3119 Tasl19w1 cut oft 161 mean + 38D nnguiihAdseseuntsSeily wiod

370, 40 A 380 ppb AMTUAL NI WAI HAZLLIS BUA ISR

wiiailu $1ou | o | fnoudildemandse | o inouiildnauanusds
Tafige | 310 () thitudi 51e) 19 (n) thi 6 $2Tws (510)
Pb | Sb |Ba | 32u "Pb | Sb|Bal| s
1 4 4 | 4 | 4| 4 4 3141 1
Yugn Ty 2 4 4 | 4 | 4] 4 4 4 | 4|1 1
3 3 1313 | 1] 1 4 2121 1
1 4 2 3 4 2 4 1 0 1 0
Hunn 2 4 4 1 4] 4] 4 4 1140 0
3 4 4 | 4| 4| 4 4 3 4|0 0
1 4 3 02 12| 2 4 1101 o0 0
Thugnwesdu 2 4 302 3] 2 4 00| o0 0
3 4 4 2 2 2 4 1 0 Q 0
agtlinnudaededi ina 714 % 8.3 %
innfAaduieony

Pb =Azfi3, Sb=Wa1q, Ba = uuiSei
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M3 14 nsularansasinviiunindudsveudmihfdisaeswau 71 eudenissely

ez 6 ¥21u4 Taalda cut off i1 mean + 3SD vInngunindnmi w¥ed 100, 11 uag 270 ppb

dmiuasa wadd asnuS s many

yitailu Sy | S | swaudilimauaandsde | sunu | Suouiildnmnmdds
Tafite | 510 (@) Husiudi (510) 18 (n) i 6 $2Tus (518)
Pb | Sb |Ba | 521 Pb | Sb | Ba | 39
1 4 4 | 4 | 4| 4 4 311 |1 1
YugnTa 2 4 4 | 4 | 4| 4 4 4 | 4 |1 1
3 3 3013 (3] 3 4 2 | 241 I
1 4 4 | 4 | 4| 4 4 1|01 0
Hunn 2 4 4 | 4 | 4] 4 4 1] 1o 0
3 4 4 | 4| 4] 4 4 3140 0
1 4 4 | 3 | 4| 3 4 4 | 3|1 1
fhugnwesdu 2 4 4 | 43| 3 4 4 1310 0
3 4 4 | 4 | 3| 3 4 413 |1 1
agUinaudiediedildem 91.4 % 27.8%

wnaaiiudesas

Pb =z, Sb=Na2, Ba = 5oy
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myn 15 : msulanansasnuithuenawsiiavesiiu ndamstadiuiui naz 6 ¥ Tus veud
WihAd152981uu 71 578 AlikauInfuazia (Pb) Wae (Sb) LazuuiFon (Ba) Tas 191 mean +
38D manguiindnywwndiazmadiansummed hisunsgdundua cuoff wied 100, 11

1ag 270 ppb #1951 Pb, Sb 1A% Ba A WA AL

& ol L] aa' \J -~ ) o o 1 d‘. 1]
sudediefiou ldraunamiiuesa: @raudisdishen

¥ilatiu Y @na1n / Srsudedieanuafigeii)
B W8 6 $2Tug
Hugnlu 100 (11/11) 333 (4/12)
Yumn 100 (12/12) 33.3 (4/12)
ﬂugﬂmﬂqgu 75.0 (9/12) 16.7 (2/12)
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a d = Qs
3%15m8!ﬁ8ﬁ§ﬂﬂﬁﬂ1ﬁﬂlﬂﬂ

Yhinmuiiudaiussfiszneuewfliufiasonuuudoveudmiifidiredeuns
gefly Tnadfinaferisnuuuiievesynransmainiidnseans dnfdnuuwnd uasin
Fnmaiiansmd ieunanednvesdminiidisaiidedinglfvsesudesiiueganeana
uihmadaiiedeunsdeiiuesnsedilusandiranlszana 8.00 v, reuduifiaey Gdedune
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=4 - B'I H 1 ars
A3 16 : 0PEAUTIUAZTI Wt tazuS o AiaawuuunS ey (RH) uagdne (LH)
= ey o o H . [} H 1 o
VBIAMNTMMIFIUARYANAAT 112U 25 570 7 lifins 19Thandewne (5167 1-25) 3107 0 59

acid 1l swab fiqunsasirudv hifinindala 4 eidiudretrun Soudiey

e i Pb RH (ppb)| Pb LH (ppb) | Sb RH (ppb) | Sb LH (ppb) | Ba RH (ppb) | Ba LH (ppb)
0 Acid 7 2 54

1 su 28 25 2 2 189 189
2 M 49 38 3 4 288 316
3 S8 66 35 3 3 168 127
4 BT 3 87 3 3 244 266
5 SG 18 35 12 2 427 190
6 SC 18 26 3 5 164 208
7 PP 14 12 3 2 386 272
8 AS 7 10 2 2 128 161
9 BK 73 98 3 4 263 248
10 | cs 86 52 2 2 233 162
11 PS 152 78 5 2 256 138
12 VR 31 14 6 2 308 113
13 AP 30 32 4 3 421 296
14 ST 23 40 2 3 68 44
15 AJ 47 44 1 1 152 153
16 SK. 130 55 6 5 180 214
17 KC 25 23 4 3 181 | 90
18 WR 21 25 o 0 79 58
19 PN 27 73 0 1 95 180
20 SN 30 21 0 1 79 67
21 KV 42 42 0 0 9 226
2 sp 17 12 0 0 560 245
23 sV 22 22 0 2 184 158
24 P 31 28 1 1 138 185
25 JK 25 33 0 0 85 57
Max 152 98 12 5 560 316
Min 3 10 0 0 9 44
Mean 41 38 2 2 211 174
Median 28 33 2 2 180 180
SD 36 24 3 1 132 76
35D 108 71 9 3 397 229
Mean+3SD 148 110 11 6 608.. -| 404
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4 2 o o o
llﬁg‘]ﬂﬂﬁl]ﬂQlﬁ}'lﬂu']ﬂ‘ﬁnﬁ'qﬂﬁ']u?u 71919

et PoRH IPbLH [SbRH [SblH |BaRH |BalH

1 213 511 12 79 197 198

2 108 161 4 3 140 138

3 61 47 4 7 95 134

4 28 23 2 1 87 62

5 160 78 4 3 156 136

6 73 80 3 1 194 155

7 240 80 16 13 80 61

8 54 41 8 1 148 119

9 189 156 8 5 128 114
10 47 33 2 1 125 104
11 64 104 3 4 96 121
12 149 67 2 2 156 140
13 49 96 2 5 49 56
14 118 117 10 9 176 80
15 169 91 7 2 260 132
16 102 62 4 1 143 118
17 251 574 4 43 192 163
18 208 132 17 10 144 105
19 76 81 14 7 76 92
20 148 86| 11 8 173 146
21 138 232 8 10 239 243
22 18 4 0 0 54 86
23 32 200 19 0 137 154
24 145 137 4 2 139 159
25 3 10 2 2 57 3
26 50 32 3 0 171 188
27 28 23 1 3 62 48
28 87 29 6 2 186 81
29 63 30 7 3 92 46
30 44 31 1 0 61 93
31 52 42 1 1 112 73
32 5 9 3 1 27 1
33 18 68 4 5 160 225
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34 32 32 1 0 267 310
35 184 122 16 6 170 164
36 195 181 18 5 134 86
37 299 31 2 3 72 a2
38 62 44 9 11 134 143
39 52 40 2 0 90 127
40 67 32 2 1 37 10
41 17 27 1 1 57 57
42 50 64 1 1 208 207
43 30 21 1 0 369 261
44 7 23 3 1 80 94
45 21 3 1 1 84 48
46 74 78 2 2 106 145
47 152 190 11 15 125 142
48 91 28 2 3 103 84
49 31 12 3 1 79 50
50 38 31 1 2 175 147
51 63 110 3 8 199 134
52 99 58 8 2 64 19
53 54 30 3 2 118 129
54 124 120 9 7 218 163
55 60 49 10 3 286 152
56 141 70 7 3 27| 51
57 24 44 8 5 105 102
58 126 227 23 32 388 412
59 80 68 5 2 111 87
60 55 104 30 14 129 133
61 105 27 18 3 165 147
62 110 73 11 5 318 206
63 106 62 9 4 332 202
64 50 38 4 2 85 80
65 23 20 3 2 85 78
66 97 65 5 5 305 138
67 62 77 5 5 190 317
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68 247 137 1" 4 128 166

69 24 7 2 1 95 82

70 50 29 1 0 158 124

71 60 19 2 0 62 146

Max 298 574 30 79 369 159
Min 3 3 0 0 27 1
Mean 89 80 8| 8 143 127
Median 63 58 4 3 129 127
sD 67 95 8 11 80 72
380 202 284 17 33 239 216
Mean+3SD 291 364 24 39 382 343
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