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Determination of nitrites and nitrates on the shooter's hair

by ion chromatography techniques
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Abstract
The objective of this study is to determine nitrites and nitrates contents in

gunshot residues (GSR) deposited on the hair of the shooter by using the technique of
lon Chromatography (IC). The weapons chosen for this study were the most frequently
used firearms in crimes namely, a revolver Smith&Wesson, .38 Royal Ammunition and a
semiautomatic Glock, .9 mm Bullet Master. In each experiment, three bullets were fired
successively. The GSR samples were taken from the hair of the shooter immediately and
after 6,12 and 24 hours after shooting. The samples were taken from the hairs on 6
different areas of the shooter's head namely the right front, the right side, the right top,
the left front, the left side and the left top of the head.

The linear calibration curves for the two ions were obtained at a concentration
range of 1-10 ppm with R® = 0.996 for both ions and the calibration equations were used
to estimate the amounts of the two ions in GSR samples. For both guns, the highest
amounts of the two ions were found in the samples collected from the hairs on the two
sides of the head whereas the lowest NO; and NO, contents were found in the samples
taken from the top of the head. For the revolver experiments, the amounts of the two
ions detected in samples collected from both sides of the head were nearly equivalent
but in the semiautomatic cases, the largest amounts of the two ions were found in
samples taken from the right side of the head. As the samples collection time was
increased, the NOs and NO, contents in all samples decreased. However, the two ions
can be detected in all samples collected 24 hours after shooting. The results from this
study have shown to be very useful in the investigation of firearm usages and the
method developed in this work may be used to identify a person in the vicinity of gun

firing.
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1.1 1304 lon Chromatography (IC) §14 DIONEX MODEL ICS-1000
1.2 1309 Ultrasonic water bath §%a Cavitator
1.3 Yunn3rearins 1o Smith&Wesson 1A .38 Special
1.4 nyzguilusioaies 8% Royal Ammunition 158 gr.

1.5 Yunnnaonluila 8ve Glock vu1m 9 mm.
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1.6 ﬂﬁzquﬂuﬁﬂﬁﬂuﬁa §1o Bullet Master 124 gr.

1.7 Wwnsgiuana

1.8 2aLAUFI0E79 (Vial) w119 3 ml.

1.9 d@ns1saneuia

1.10 Volumetric pipette 1,2,5 wag 10 ml. ﬁﬁa Witeg

1.11 Beaker ¥u1n 50 ka2 100 ml. S%%o Bomex

1.12 Volumetric flask 50 way 100 ml. §%e Herka ns 12.5/21 Duran
1.13 nszuendne (Syrlinge) 3 cc/ml. 8% Terumo

1.14 Nylon membrane filter 0.45u §va Veticlean

1.15 n33lns 8%e horse

1.16 faile B¥o K.SGlove

1.17 Label 8% Elephant
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3. NSNTLUADEN
3.1 14 pipette vu1m 2 ml. gAu1 Deionize Water laluvamiudiegne uaziivin

Wushegnalalu Ultrasonic water bath iveadiaiintu 1 97lug

3.2 WUIANNVIAFIDENNNEIUNTS Sonicate  TaluTNLNDS BaUNUINTBIHUY

3.3 Anzflaeldindedoseulasuiinn @ Ssilannylumsneans fe
Program : Dionex CM Dongle Chromeleon 680 SPI build 2238

membrane filtered

Reagent-free controller : RFC-30 Dionex

Guard column : lon pac AG18 Guard column (4x50mm)
Analytical column : lon pac AS18 Analyticl column (4x250mm)
Eluent: Pottasiam Hydroxide

Detector: Conductivity
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029 T
0.0 1.3

AT 2 ImmiwLmsmaaa”ﬁazm&Jmmgmmau

Mnlasunlnunsuwuiinveshulasiuazlumsvedil Retention time 7 3.983 wnil
WAz 5.533 Wil pudiy wariiaiansansauenulddaan
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4 ™
Calibration curve for standard Nitrite (NO,)
y=10.1605x - 0.0951
R2=10.9969
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1, 3,5 7 Wag 10 ppm
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Calibration curve for standard Nitrate (NO3')
v=0.140x-0.094
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iy NO, | NO; | NO, | NO; | NO, | NO; | NO, | NO;
GT’]LLMﬁQ‘ﬁI 1 0.0140 | 0.0025 | 0.0119 | 0.0027 | 0.0115 | 0.0024 | 0.0077 | 0.0020

Std. 0.0003 | 0.0002 | 0.0019 | 0.0006 | 0.0006 | 0.0001 | 0.0015 | 0.0003
ﬁﬂLLﬁﬂﬂﬁl 2 0.0125 | 0.0024 | 0.0117 | 0.0025 | 0.0096 | 0.0021 | 0.0076 | 0.0020
Std. 0.0007 | 0.0001 | 0.0014 | 0.0003 | 0.0008 | 0.0002 | 0.0012 | 0.0002
GT’]LLWJQ‘?]I 3 0.0123 | 0.0023 | 0.0105 | 0.0024 | 0.0092 | 0.0020 | 0.0073 | 0.0019
Std. 0.0010 | 0.0001 | 0.0017 | 0.0001 | 0.0009 | 0.0001 | 0.0012 | 0.0003
GT’]LLMﬁQ‘ﬁI q 0.0150 | 0.0028 | 0.0103 | 0.0024 | 0.0098 | 0.0026 | 0.0094 | 0.0025
Std. 0.0003 | 0.0005 | 0.0008 | 0.0002 | 0.0006 | 0.0004 | 0.0015 | 0.0005
ﬁﬂLLﬁﬂﬂﬁl 5 0.0136 | 0.0026 | 0.0118 | 0.0027 | 0.0112 | 0.0021 | 0.0085 | 0.0023
Std. 0.0013 | 0.0004 | 0.0011 | 0.0001 | 0.0016 | 0.0001 | 0.0016 | 0.0004
GT’]LLWJQ‘?]I 6 0.0118 | 0.0024 | 0.0135 | 0.0023 | 0.0090 | 0.0037 | 0.0079 | 0.0020
Std. 0.0005 | 0.0002 | 0.0065 | 0.0001 | 0.0004 | 0.0023 | 0.0014 | 0.0002
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197199 1 WethuSualulasm NO, wazluesyn NO; 719 3 funus Ao USLI

FAUNTI, USIIUAIUTNE BaZUSHINNANNTEULaLVRILAaZA UL TINAY A2 aduUSuuauen

LALAUDNY TANANITNAADIAIANITIN 2 LASAINT 6 kazUSUNAUlAETINAINITIN 3 WAZAINA 7

d‘ a 6 ¥/ ¥ &/ s = s
#1319 2 UimmiulmwLLaziumeumaumumwmLLazmmaﬂmqﬁUumaanai

stsIe | U‘%mm‘tulmﬁy(NCﬂ)lz'/mg) _ U‘%mm‘tulmmy(N?gf/mg)
G191 | Std. | dude | Std. | druwan | Std. | dudihe | Std.
VUil 0.0388 | 0.0020 | 0.0404 | 0.0016 | 0.0072 | 0.0002 | 0.0078 | 0.0010
6 V. 0.0341 | 0.0050 | 0.0355 | 0.0083 | 0.0076 | 0.0008 | 0.0074 | 0.0001
12 . 0.0302 | 0.0022 | 0.0300 | 0.0023 | 0.0065 | 0.0002 | 0.0084 | 0.0023
24 ¥, 0.0226 | 0.0039 | 0.0258 | 0.0043 | 0.0059 | 0.0007 | 0.0068 | 0.0009

Wisihdeyalunisned 2 wafausugiuisiieuaninisilSeuiisudinalulasiuas
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O fudne
0.05
NO, NO,
o 0.04 - i
E NO, NO,
=
S 003
Z
$§ 002
g NO; NO; NO; NO;
O
0.01 7
0 - Time (hr.)
0 hr. 6 hr. 12 hr. 24 hr.
awil 6 wwugiFeudisuTinailulasitaglunsmiuniuarinevesenystuiieanies
M 3 Usnadlulasvinarlumsuuduniissezinaing 4 vese1ysuiaeanied
Ysualulasi Ysunaluam
TYULLIAN - Std. - Std.
(NO,/mg) (NO3;/mg)
N 0.0792 0.0019 0.0150 0.0009
6 VY. 0.0696 0.0123 0.0149 0.0007
12 4. 0.0601 0.0041 0.0149 0.0026
24 . 0.0484 0.0083 0.0127 0.0015
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Aednlulie Aunseau

810 Bullet Master 124 gr. L@AINANITIATIZIAIRNITIN 4 LaznInd 8

msei 4 Vinalulesineglunmannsifvieinitu 6 fumiwesestufsnluii

U3Launu Viufl 6 Hlag 12 Falus 24 H2lus
U NO, NO, NO, NO, NO, NO; NO, NO,
fumdsdi 1| 0.0135 | 0.0024 | 0.0129 | 0.0027 | 0.0123 | 0.0023 | 0.0122 | 0.0025
Std. 0.0014 | 0.0001 | 0.0027 | 0.0004 | 0.0016 | 0.0003 | 0.0015 | 0.0003
fuwmadl 2 | 0.0110 | 0.0023 | 0.0120 | 0.0028 | 0.0124 | 0.0022 | 0.0118 | 0.0024
Std. 0.0016 | 0.0001 | 0.0008 | 0.0004 | 0.0010 | 0.0001 | 0.0008 | 0.0003
fumafl 3 | 0.0110 | 0.0021 | 0.0115 | 0.0023 | 0.0112 | 0.0021 | 0.0114 | 0.0023
Std. 0.0014 | 0.0001 | 0.0010 | 0.0002 | 0.0004 | 0.0001 | 0.0014 | 0.0004
fumisdi 4 | 0.0125 | 0.0022 | 0.0127 | 0.0028 | 0.0116 | 0.0024 | 0.0105 | 0.0024
Std. 0.0009 | 0.0001 | 0.0044 | 0.0007 | 0.0011 | 0.0006 | 0.0014 | 0.0004
fumafl 5 | 0.0125 | 0.0025 | 0.0105 | 0.0023 | 0.0109 | 0.0021 | 0.0114 | 0.0022
Std. 0.0019 | 0.0005 | 0.0020 | 0.0002 | 0.0008 | 0.0002 | 0.0004 | 0.0000
fumafl 6 | 0.0116 | 0.0023 | 0.0117 | 0.0022 | 0.0107 | 0.0021 | 0.0099 | 0.0023
Std. 0.0006 | 0.0002 | 0.0019 | 0.0001 | 0.0005 | 0.0001 | 0.0022 | 0.0001
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