maanzimlznalilasnmazluasnlwvinauiludalessulnsinInns il

Tae

o a J an
%i’)ﬂﬂ'lﬁ?‘i]!i’)ﬂﬁﬂlu\‘llﬂﬂluﬁ] Waua

a a dngcs v 4! = (Y] a LY a
IneniinusiuaiunilavesmsanmmunangassyanIngmansuritadia
a aAaa d

MVNIBPIUAINGIATAT
TunaInenas NviIngasaalns
Umsanw 2554

d
dvansveslanInenay w1 Inenasdailing



maanzdmdznalulasimaluasnluwnauiludlelessulasinInnsil

e

14 o a J aa
I08M13IVBNNUIUNY WU

a a d; | v = = (Y a v A
mmuwuﬁmﬂumuﬁmmmmsﬂmammmngmﬂ‘%mumunﬂmmamumumffnﬂ

a aaa d
A1VIVIUAINENAIAAT

U

aNnInenay urviInenasfaling

Umsanu 2554

d

dvansveslannInenay v Inenasdailing



DETERMINATION OF NITRITE AND NITRATE IN GUNSHOT RESIDUES

BY ION CHROMATOGRAPHY

By

Police Captain Ben Phutthinin

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree
MASTER OF SCIENCE
Program of Forensic Science
Graduate School
SILPAKORN UNIVERSITY

2011



o Aa A o a v A A I a o A a J =3
YadiaIne1as un1Ineasaaling oydia lianentinusises “msunsizinlum
4 1A o =) 4
Tu'lasvuaz luasnlwihdutludie lesou Tnsur Tnnsil” aue Tas Seedisrvennganyd
A A I [ . [ a a o a a
waitla udrunilsvesmsanyimurangasUsygrinermaasumidugn d1v139)

daneenaas

(aemans19156 as.ule sssiruned)

AUANUNAINGY

I a a 4
’E]'m'liﬂﬂlﬁﬂ‘hl'l’)‘ﬂﬂ'luwuﬁ

4 ano ~
919158 AT.ATIAU ?ﬁf‘]alﬂiﬂ\‘l

a a 4
AUTNTITUNITATIVAOUINYIUNUTD

.................................................... 1J5L51UNTTUNT
o o [ 4
(019158 A3.7NTO ANANHAUUTT)

............ TR SO PO

.................................................... NITUNIT
a o J
(W.9.0.gNT DFUIAUNANA)

............ Lovveeeeveenienceeeid e



52312317 : @MMUAIMNNMART
ﬁ%’?”l?TﬂJ - 111Ut / Ton Chromatography
a s ana a 4 = o 1A
s.a0MguUYd waida : msanziriliualulasiras luasnlumingy
S a a 4 amw o
HudegloooulasunInnil. e1156NU5Tnu1IMentinus : 0.a35.A5501 yanamied. 63 ¥i.
o 4 a o g (= J - -
agszasnvesnuIvetansmvfsualulasd (No, ) uaz luasn (No, ) Tu
(=N 1 I A ¥
318U (Gunshot  Residues; GSR) vuinldiwihas vuaedvesdoetlu nazilszg

'
Aa

saouangetiuri TaglooauTasanInns il (lon Chromatography; IC) m3naasaldiunn

a

20 Tauudn 81® GLOCK MODEL 26 9119 9 43.LUGER Tagsiinianaaeasadiuliuwih 1

[
% [

a <3 1A v a @ o v
UA NITYSUINN I,Lﬁ$Lﬂ‘1JL5UJJ1@1&%1!5]1814’0@8@?11!%1&17] uag 3, 7, 15 4ag 30 U NYUAINIG

a

1 = 4 { o ! o 1 . a 2
gatlu wufSunalulasiuas lumsnndaldininiigaludedienldninszezsa 2 Hauaz
3 o [l v A J 1A A A 2 a
wudredaiui suaved lulasivag luasnlumiauiluaaasmumsmisduue sszezoa
3 o i [ a A dy Y o 3 o 1 dy 9 9
1Az IZEZNAIMINVAI0E1MeNnaIN5o9 Y wenanil lakhimanualedauudefvesdos
A J v a Ay @ <] o 1 v a A [ @
nagszgIneuanatnInaau 1, 3 uag 5 1 TaaNua10819MenaIgeunum uag 3,7 U
@ a 1 = o o
Menaimsaiiu kanmsnaassnuNasoasanusalulasiuaz luasniaunn
a dy Yo A a 3’; T a A A g
Vsnadevedesu Usuavedlesounsdesluviiduiiuanasmium sy uves
< @ T @ a A a Ay 1 o 1
32E2IMINUAIRINNIINAINT8aY uazTunisdaurnlssgsasua nunaimise
4 1 a A j’ a 4 = dy o
asrny lulasvnas luasnluanautuouiuivesdszgsooua msAnutawisai

Uszgnd s luauniiainemans lumsszyniimsostiuld

a @

ANy YH1INYIaeAaLlINg UnsAnm 2554

=)

UMNAINIImaas o
A A o =
AVHOBDUNANH Yoo

A A I a a J
ﬁ’lﬂiJ@“]f@f)’m’]'ifJﬂ‘lﬁﬂHTJ“I/]EJ’]HWU‘ﬁ ..............................................



52312317 : MAJOR : FORENSIC SCIENCE
KEY WORDS : GUNSHOT RESIDUES / IC TECHNIQUES

POL.CAPT.BEN PHUTTHININ : DETERMINATION OF NITRITE AND NITRATE IN
GUNSHOT RESIDUES BY ION CHROMATOGRAPHY (IC).THESIS ADVISORS : SIRIRAT
CHOOSAKOONKRIANG, Ph.D. 63 pp.

The aim of this project is to determine the amounts of nitrite (NO,") and nitrate (NO3)
ions in gunshot residues (GSR) collected from the cloths using as a target, from the clothes of
shooters and from the surface of a car door. The method of determination of GSR was the lon
Chromatography (IC).

The firearm used in this study was a semi-automatic Glock model 26, 9 mm Luger.
In the shooting experiment, a bullet was fired from each firing range and the GSR were
collected from the target cloth immediately after the shooting and at 3, 7, 15 and 30 days
afterwards. It was found that the highest amounts of nitrite and nitrate in GSR were from the
samples collected immediately after shooting and from those for the firing distance of 2 inches.
The amounts of the two ions in the samples decreased as a function of the firing distances and
sample-collection times.

Another experiment was designed for the study of GSR samples deposited on the
clothes of the shooters and from the surfaces of the car door at the incident of the arm firing. In
this experiment, the gun firings were conducted with 1, 3 and 5 bullets and the samples of GSR
were collected immediately after the firing and at 3 and 7 days afterwards. Large amounts of the
two ions were found in the samples collected from the clothes of the shooter and as expected
the decreases in the nitrite and nitrate contents were found in the samples obtained with the
delays of 3 and 7 days. In all samples collected from the surfaces of the car door, the two ions
were detected in significant amounts. It is thus demonstrated that the technique used in this
study can be applied to forensic cases of firearm usages.

Program of Forensic Science Graduate School, Silpakorn University Academic Year 2011
Student's SIgNAtUIe ........ccceeeiiiiiiiiiiiieeeeeeen,
Thesis Advisors' signature ..........ccccceeeeereeiiivnnneen.
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) P~
mmumm"laaaumn%wu

WA 22 LLEAAININATO Ton Chromatography (IC) §U PIA-1000
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(% v

Ay Aa

JTHIVENNYIVOY

1143 A.7.1987 Darwin Dahl tazaaz Idimsaneimesdlszneuluusiiuuay
Tuautluwiia smokeless powder Gluuﬁ”ﬂﬂu%‘miwﬁﬁ’aa Inductively Coupled Argon Plasma

<3 @ dy

(ICAP) 1NUAIY cotton swab soaked in 5% nitric acid ﬂi’JﬂWUﬂdﬁﬂ‘izﬂ@Uﬂﬂu Lead
trinitroresorcinate 25-55%, Barium Nitrate 25-45%, Lead dioxide 5-10%, Calcium silicate 3-15%,
Antimony sulfide 0-10% and Tetrazene 0.5-5% '3 (wood) waziui (soft glass) IEATIVNU
Barium 1311a1g9 luduiludmiizidie HPLC a529NU Nitroglycerine, Nitrocellulose and
phthalate esters.

113l n.71.1989 Edgard O’N Espinoza, Dr.P.H. and John I. Thornton, D.crim.
o = o a A A
mmsanyiesnlszneuluauiuveanssguilu SOVIET 5.45%39 MM (AK-74) and 7.62x39
MM (AK-47) fy TLC, HPLC and GC —MS WuN¥ Diphenylamine, N-nitrosodiphenylamine,
2-Nitrodiphenylamine and 4-Nitrodiphenylamine Hueedilsznou

113] A.7.1992 Michael D. Cole tlazaae MmMsany1vasinavean1snsdn lulasi

o A A Y ax . o J Y .
AZNI LAZNOLAY IUVINANY Y A187F a single paper T]Wﬂﬁﬂﬂﬁﬂullullﬁliﬂﬂﬂﬂ Griess test
NAFBUAZNIAY Sodium rhodizonate test HATNAXDUNDIAIAIY DTO WU detection limit
[ 2 2 4 -2

YoIALN ALY 1.3ug cm” NOWAY 1.1 3pgem” b lAsN 26 ng em

113 A.7.2000 Peter E. Jackson l@ymsaAnsvieeslsznonluthauuaziinge
femaiialossuIasuiInns 1wl 8% e Dionex” TonPac” Eluent, 3.5 mM sodium carbonate/1.0

1 %’ 4
mM sodium bicarbonate 1U@IBE1911ANATIVN fluoride, chloride, nitrate, phosphate and
1 3 A

sulfate TuAIDE19UNTIATIIND acetate, bicarbonate, chloride, bromide, nitrate, phosphate and
sulfate

11l A.7.2003 William A. MacCreham tagaae 1aAnNEIN organic gunshot residue
(OGSR) uagniannismatnudmed ludunnveddetiunaziths dremsldjusiassld

(%

a {2 a 1 o 1a Y
Annuiniludoaazithuaznnruvesdasiinuiuiiassladinauiniwih dnwrnntunn

s v wa A Y

519011905 8119 SMITH&WESSON 4119 357 MAGNUM Junnnadn 1u3ia 840 SIG-SAUER

)

MODEL P229 4119 45 urifle 80 RUGER 411 9mm LUGER taziluengnye 8o
Aas I o [l 9 Y = = aa ) ' Y o w
FICA SPAS 411 12 H35msinudiedealtems 1dniatisaninm ihwndesndesiiaavens
< 1A a T o o o Aa
wufueyn1nveaviauunzAneg Mn1anaa1e  methanol 13211 3AT1EHNAAY

. . 1 a 9 a { o g‘./
Capillary electrophoresis (CE) W11 1un135894a2891750 uriia auiaiiinisnaaeaiy
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FIN1TDNTIINY Nitroglycerine (NG) L‘ﬂuﬁﬁﬂ UagAIIINY Ethyl centralite (EC) Tuiluna
FUAUUIA

= Y o Aa v K A v A a 4
113l f.7.2007 Dan  Muller Llagﬂﬂlzllﬂﬂ”lﬂﬁ’ﬁlﬂﬁﬂy"llﬂEJ’Jﬂ‘]J’J‘ﬁﬂ”Ii’JLﬂiT%‘Vi

A A ~ 1 Aa U a A A J <
mgﬂmmmmmmuﬂum"lmﬂﬂﬂmmllwuiumsmﬂumwzixmw 0.75-3.00 A9 Tagny

@ 1 a Y o Y S A J . . @ ] @ 1 Y ° o
AIDYINITNWITTU @Qﬂ?ﬂ@ﬂﬂiﬂl%ﬂf@ﬂ adhesive lifter HAIINNUAIDYIULAN 1!111‘]J‘1mﬂ1'i

hydrolysis 18213 alkaline inmil'uéfmu,m@1gmﬂ‘ﬁmﬁa@aﬂiﬂai%’ﬂﬁ'ﬂmamiﬁﬁ ATOUNTH
ﬁmﬁngﬂ?mﬂzﬁ @Tq‘f: Nitroglycerine (NG) 481 2,4-Dinitrotoluene (2,4-DNT) A1z Iag
main gas chromatography/thermal energy analysis (GC/TEA) @ MIVAIT  Dinitrotoluene
(DNT), NG 4az@13 stabilizers U19%HA JAT12H 1ABINATA gas  chromatography/mass

Qddyd an A A o A A R < < a
spectrometry (GC/MS) A5 U UATNA N T0IUTUNUIVOIA TN nitrite 1T uoeAsznoUlUAY

Pu'ld

) Y o " (X 9 g
11d) 7.71.2008 Asya Vinokurov tazaaiz laviimsanyinuuinauiluiierig

90
a A a 9 an . . o = Y a
EJ\?LW?J‘]J5$3J1mﬂﬁW15$EJ$EJ\1 A2¥35 Modified Griess Test (MGT) MMITANEIUUNT 2 FUA
Y 1 A9 9 Y~ Z s A A A& A <
&1 cotton 18 polyester amzimuraaziiilonin (Traeuniiowdenitloudon) uaziny
@ ] &I a A zg a A 9 o A Ay a 9 9
DY 2 NUND “I/IW’L!N’JL?EJ‘iJﬂ’JfJﬂﬁWHﬂ‘i%ﬂ"l‘HTﬂfJi’f)‘U LLﬁZ‘ﬂW‘L!N’J"’U?‘Uﬁ%ﬂ’mﬂﬁﬁl%W‘ﬁJ

) ¢ X A 2 o wad Y . A a
TUATIEN ﬁﬂ‘]&lqﬂqﬂUUWﬂﬂqa@quﬁﬂﬁﬂ Jericho YU19 9 mm LUGER ﬂig/GZfUﬂu@@Tﬁluﬁﬂ

=

#%0 Fiocchi Y419 9 mm LUGER 101 full metal jacket (FMJ) wunguunuaeuviauily

)

aogiidhifuannsasaifiuszosdeld
03] A.71.2009 James Hsu nazame I&imsanylFine uasnuas ulasii
iHodatiazinlumsns Inaemsvesroeaiasiae daomaiia HPLC ludieharin 6 wiia
1@un English spinach, Buk choy, Choy sum, Chinese cabbage, Gai choy and Iceberg lettuce ‘1/%}}@ 6
§10619037900 HIATNOGTZ1 19 4849.6£573.6 14 48.0430.2 mg kg @an lu'lassiasaamud
Gai choy 19.6:10.8 mg ke' 9 5 §a0e1aliinylulasy ludedhawdasusinniodad 7
#0619 laun Hot dog, Ham, Salami, Bacon, Frankfurt, Minced beef and Beef medallion V%IJQ 7
Mod1enTan Tunsnegsening 142.5436.3 59 19.048.1 mg k-1 @ lulasiasranulu s
A19819045711719 83.9£10.1 4 15.7+14.5 @211 Minced beef and Beef medallion #3579 lajnw
Tu'las
113 A.7.2010 William A. MacCrehan 118 Mary Bedner 1@71m3sAny10alsenou
Tudnihunuuaturios (Smokeless Powden) titeifiunisasindennumnmsndanauiluves

US International Institute of Standards and Technology (NIST) ums ﬁ’muﬁ@qﬁﬂumi Wan
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autlu Memsanadiediawdninniinnziaie Capillary electrophoresis (CE) t1a¢ Liquid
chromatography (LC) 910013 ATITHAIY LC a11150AT9ND Nitroglycerine, diphenylamine
10 ethylcentralite

Tud) wa2551 Anmssa dudzu Tadnuimidsuna pra Tuduilunazuii@u
HJuannszguilues Tawdn 4 vura 1dun 38 super R-P (LLAMA), 9 mm para S&B
(TAURUS), .45 ACP WINCHESTER (LES BAER Custom) and 7.65 mm S&B (LLAMA) Tagy

a < @ 1 a A 9 a A A o ] Yy a
maua HPLC !,ﬂ‘lJG]'Jf]EJNﬂuiJuﬂ’JEJﬂTiﬁ8ﬁ18@uﬂuﬂﬂﬂulllm1vh’illﬂﬁﬂ methanol &IULVNUIAU

o A

Hu naaesdedudiuau 20 via landeanarddn daniealrounu Teflon 14 ldwud 1@

<3 T A A Aa 1A ' a g}/ 9 q Y A 1T o A 1" o
methanol IFaiAuYuNAneginaosnaradnna 4 a1 luldimaeasuirdaaeg 1l

v Y an . I A o a d 9
AnNAAIY methanol 1A83F sonicate 111381 75 W1 neuii11Uns1E1i@28 HPLC Column
[ J I
RP-18 1% methanol:water 831891 75:25 1)1 Mobile phase, flowrate 1.0mL/min Taely UV
A A ' a A Ta Ay Ay v
Detector 1AWE1IAAY 214 nm WU NU501m DPA Tududunazvinauiuildningnnszqu
uvuia 7.65 mm > 45 auto > 9 mm LUGER > .38 Super
=Y 4 a ]

Tudl w.e.2553 anuassa waduni 1ddnuimfSuanisnsegueslumsnlu
° YA o a A = A 2 o wa A Y
fnaesdumenainnmsetu TasAny1antunnneon 1uia 8¥ie CZ MODEL 75 ¥119

< o [l o [ Aa a < o ]
9mm LUGER LﬂU@]ﬂ@ﬂ?QﬂWﬂiuaWﬂéjﬂﬁﬂuﬂ@ut’NL!ﬁ%‘Vi NN ﬁigﬂglﬁﬁTGluﬂWﬁlﬂ‘]J@]’J@ﬂN

v o v Yy o .. 3 < ° Y A
NUN 24 Ll 48 GD'JIiN mamﬂ%mumaiju Deionize water wmﬂumﬂumﬂamﬂu

Qddy 0’1619/ 1

a o a a 14 4
Tz lagmaiia lesoulasu Innsluazaalas I Tnimes 351 1M nswIulenan
' v < S o o Y A ya 2 A
AuTudn 48 F2Tuendeaunsaaslany luasnareludindestuld 8nnunniinlooou
I % Aa J 1 1A 1 a
Tasu Innsiliilumadennilslumsinszdmanseguesviiauifulaaniunaiaealn
a 4
Ins I Tndlnos
[ = '3 g
Aniruddha Pisal 1évinsdneivdsunalulasivas lumsnluinge dre Uv-
= o o 1 %,’ 4 . .
VIS Spectrophotometers nudsua lulasy ludiediaiay drinking water <0.0017 mg/L
a R o
wastewater 0.179 mg/L YSunalwasnludedrainy drinking water 0.007 mg/L waste water

0.766 mg/L
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adl o A a v
IAutiumsive
4 ¢ A av
1. nsesieonazgUnsaiildlumsive

= A A g U ao
AMTNN 1 Lﬂiﬂﬂhﬂllﬁ%@ﬂﬂim‘ﬂslﬁb'cluﬂ1i’ﬁlfl

. —
inseeiaazgUnsaiily

oA
HyaInN

1. Lﬂd‘ém Ion Chromatograph; IC

2. Column Shim-pack IC-A3 (S) (2 mm .D.x150 mm)

3. ¥ANTDI Mobile Phase

4. Filter Membrane YUIAFNW3U 0.45 um YUI9 13 mm

5. Filter Membrane YU1AZWTU 0.45 pm YUIA 45 mm

6. Syringe YU1A 10 pl

7. Disposable Syringe Y419 3 ml

8. spanaaanlauvvgaida-Ta $5U vunm 12 x 15 97 uag
VU 4 x 6 111

9. fintnes ¥u1A 50 ml

10. viauda laans ¥u1a 4 ml

11. Yda vw19 0.5, 1,2, 3 ml

12. ftheda (100% Cotton) 11103 32

13. Tnsauuilszgsnoud aun

14. 91750 uwNoe Tatu@An ¥11A 9 Wi, LUGER

15. nszguiluealam@n vuna 9 uy. LUGER ganszauiiy

1411 Full Metal Jacket; FMJ

16. HoaNAdUIVUIT YUIA 5.75 x 20.40 1UAT

@10 Shimadzu 1 PIA-1000
8110 Shimadzu

Y
"
Ay
8g11® Wheaton

Y
"
Y
"

< )
g1® Vertical

B0 Vertical
0 SGE

=

8g¥1® Nipro

A\

a o 2 o w
UIEN AoUUDU ﬂ?ﬂ 1NA

Pyrodex

?;ﬁjE]Wheaton

Pyrodex

UIEN 5131 ulusa

?;ﬁlﬁl Toyota

o GLOCK MODEL 26

?Jﬁlﬂ Thai arms

NQUATUATINOIIEY A NN,
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2. MsnANIFlumIe

~ A EY Aa o
A1319N 2 ATANN ¥ Iun15I0e

Ml wraeiin
1. Sodium Nitrite ; AR Grade UNIVAR
2. Potassium Nitrate; AR Grade UNIVAR
3. Ethanol ; AR Grade MERCK
4. p-hydroxybenzonic acid ALDRICH
5. Bis-Tris FLUKA
6. Sulfanilic acid ; AR Grade UNIVAR
7. Acetic acid ; AR Grade J. T.BAKER
8. N-(1-naptyl) ethylenediamine ALDRICA
9. Deionized water ; DI water Lﬂdﬁ'm Easy pure 11

3. mawssnmsazasanasg vl lasisagluasn
3.1 191383 Stock Standard Sodium Nitrite 1182 Potassium Nitrate
3.1.1 91583 Standard Sodium Nitrite [Y1Y4 1000 mg/l
G]?Q Sodium Nitrite 91431 0.1 g azanelu DI water 1501015 100 ml
3.1.2 191583 Standard Potassium Nitrate (9494 1000 mg/l
Gl?ﬁ Potassium Nitrate 91121 0.1 g aza1e 1 DI water 511015 100 ml
32 193 0E3AZA0NIATTIUUVINTN (Mix Standard) Feiianumduduves Sodium
Nitrite 11a% Potassium Nitrate 15 (182 30 mg/l MUA1AY
YuladansazaremnasgiuTa@onlulasd Wudu 1000 mg! (@udo 3.1.1)
Y5105 1.5 ml YuladansazansinasgiuInunaidonlulasn Wty 1000 mg! @ude
3.1.2) 51193 3 ml ud1J515 193878 DI water 9u31/51105 100 ml
3.3 193001592 A10UIATTIUUVUNEY (Mix  Standard) a15aza18u1as1u lulasy
it 1.5, 3.0, 4.5, 6.0 uag 7.5 mg/l, @1saza1vaasgululasn Wudu 3.0, 6.0, 9.0, 12.0
oz 15.0 mg/l MEITY Sail FastonINe3aza1eNIAT IUIUIRANTTIA UL HYD4

Sodium Nitrite (8¢ Potassium Nitrate 15 (48 30 mg/l (mwffa 3.2) Muaay
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33.1 Mladansazarsuuumay (Mix Standard) US11a3 0.5 ml ldvaada

51asvua 5 ml 1d115u151103818 DI water 311311905 5 ml
a 4 . = 1 [
332 Tulagasazanenuunay (Mix Standard) U31195 1 ml lavaada

51059119 5 ml 1d21150151193878 DI water 311131195 5 ml
a 4 . =Y 1 [
3.3.3 ulagaisazareuuunay (Mix Standard) 158195 1.5 ml laviada

311939119 5 ml 1a11U5U5193828 DI water 313151105 5 ml
a 4 . =Y 1 [
3.3.4 Yuladarsazarouuundy (Mix Standard) USu1a5 2 ml lavaada

311939119 5 ml 18215 u15103828 DI water 91351105 5 ml
a 4 . =Y 1 [
3.3.5 ulaaarsazateuuumnay (Mix Standard) 158105 2.5 ml laviada

1311939119 5 ml 1a11U5U5193828 DI water 313151105 5 ml
AOUAITAZA1NIATTIUITUAT N IC ADIINITNTOIAIY  Membrane UYUIA

s
FNTU 0.45 pm NNATUTVD

4. M31A383 Mobile Phase 1150]¥lumsnaaes
4.1 95834 Mobile Phase
3 p-hydroxybenzonic acid 11471 1.105 g 11a2 Bis-Tris $1UIU 0.67 g A0
11 DI water 1311915 1000 ml N399I/ Membrane YUIAFNTY 0.45 um
4.2 16581 70% Ethanol e 19 lums&eszun
Unladasazais Ethanol 151103 70 ml laviatad3inasvuna 100 ml uda

51151135890 DI water 20T11/50105A51 100 ml 50961 Membrane YUIAFHTY 0.45 pm

5. ﬂ]ﬁ"ﬂﬂﬁi’)x‘]‘?ﬂ%ﬂﬂo“lfq]}ﬂﬂ1§ﬂ§3§]%ﬂul€]lslli’)\‘l!ﬂ%i’)ﬂﬁﬂ %ﬂ‘ﬁ"lﬁﬂﬂ1§ﬂ§3§)ﬂﬂﬁ®ﬂ!m$§1ﬂﬂ1u
A A
Walavan30gio (Limit of detection; LOD, Limit of Quantitation; LOQ)

v H ] 9
Aamsaza1onsPIUduIUMgANiAT oL aINITIATINIA 1A S1UIU 10 1

'
1A

Y o vy g °
!La')u']ﬂ']WhlﬂHUSJ']ﬂ']u’JmGlu’q@i

LOD = 3 S.D.

LOQ 10 S.D.
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VY 3 o a J
6. ﬂ]iﬁﬂ‘]&ﬂ‘ﬂ]i%ﬂ%!’Jaﬂ‘l»!fn’iﬁﬂﬂﬂ?ﬂfhﬁﬁﬁ’i3~I1$ﬁ&lf‘i’)1~!‘ﬂ]ﬂ1’i?!ﬂ’i1$‘ﬁ
o A Y Aq Y a o oA = Y L
mwuwmiﬂumana (HUTVAINVUIA NITNXYTD Uszanm 12x12 U U
o o 1 A v A 9 d' ] Qy a 9 = é 1Y A
MINTMUUATZIZH V091 1NNTZUN Y UAURUAINTZ8E 1119 2 1) mmaﬂuwmwmiuw
@ I v Aa o kS o w 1 1
YUIA 9 WW.LUGER 1 Un uazmumwmmﬂuﬂu‘ﬁ mﬂuummamqulllwﬂu DI water

d Q.'/ 4 H H =N 4
YS11a3 5 ml@wnan 1, 2, 3 vag 24 $ 139 emszeznanwmzannag I luanuiseil

a a 4 4 a Aa
7. 38msInnziimSnalulasnuazluasnluihauilu (GSR) damaidia IC

< U U

7.1 thueeensuudnlaniluihas

a 9

EN@’JEJ?JUWﬂ’E]E]IG]HJaﬂ YU 9 WN.LUGER ?J‘Vai,fl GLOCK MODEL 26 1714811
Y

d1ndoq 3.25 11 S 11ia Taeldnszquiluos Tawa@n vu1a 9 . LUGER ##0 Thai arms

@ ~ ~ I Aa o v Q) oA ~ ~
@i 23)  vuinlsdudhas Tasrhdundadlueiuamasyliivua nhax o

@

2 ° A A [ Y a 2 9|
Usginm 12 x 12 49 ‘V]Wﬂ’liﬂ\?‘ﬁigﬂggn\?“] NU Ulﬂll,ﬂ TEYLYN 2, 15, 25 1ag 40 U Fl]’l'ﬂlf]J1 Iﬂﬂ

a

Y 1
nﬂmu@@um@\jlei1/]ﬂa’t‘]\ii]gﬁ']ﬂ']ﬂsluvgi}ﬂ\clﬂQﬂuﬁﬂ@Nﬂ%ﬂlLagl‘luﬁaMWﬂN’]um’t‘]\iﬂf‘}ll\ﬂuﬂjjfl]
A A a ¢ o o = Yy 3 o [
91750 UHAZIATOINTZ YU NOINGIUHANFIUNAIT (AN NN 24) udunVaI081981 Ty

[ [ o dy <3 v a A = @ [ a A Y
T2YSLINTANN) DU AU NUNIHADITUNTUN uay 3,7,15,30 U NYHAINITINUY Aden15

v 9 ~

I ] Ao @ ~
aar T UUNL9NaNNYSANVUIALTEUA 6 cm (AININT 25)

S v | &' v ya
7.2 1IN UMDV UIARHI VO IHEN
a 9 2 A Y &g 9 oA v v g a
gaa289175 0 unaznszquily gduuuvesinlunuu@einunude 7.1 g9
o = ~ A ] a A d Y 1 A 9 =
$10u 1, 3 wag 5 a Bszezhanszventuianusnainy laun vsnawien V5w
o Y 9 yn 3 < o v w = Y o
HYUTIVNHASIYU VNI VDIHEUT Y 24, 12 1Az 12 119 MWEIAY (AININA 26) 1aIIN15
< @ ' 9 ' Y @ dy ] v a A = @ @ a A
NUAI0819A 1NT28217819199 AU A9 IAUNIRAIETUNUN 3 tag 7 TU MeraInsoaly
< @ 1 1 a [ !
Tagnufmoedeaude 7.1 TaelisUuuutazmnimsss (fanmi 27)
Y Y ¢
7.3 ifuieeahidszgsaauniidaturu
a 9 A A 1 =1 (% (% 9J a ) [ =
8ad199175 0 uaznssquiluru@eInuA Ut 7.1 83918IU 1, 3 uag 5ua i
1 A o ~ Y o < o ] F) Y o A 1
JUIVVLAZNINIINITE (AININA 28) 13N TNVAIBE1IAIINT THA LAY DI water

< < a Ay o A 1 (% v A g v a A
ﬂ%ll’l@]i 2 ml EBANVUIIUNADITIFY NTTYLLININ NN AU Lﬂ‘Uﬂ’lfJWa\‘iUQﬂuﬂu‘VI REIGH

[ (2 a Ay
73U MenaInseelu



A Y =) an
NN 24 HoInAaoUIUUIF

A o 3 o ' Y Y A
NN 25 ﬁﬂ‘]elmzﬂﬁlﬂ‘ll@]’]’e]ﬂNGU’ENNthJElﬂ
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A o T Y o ] dy U A
AN 26 LAAIAILHUIAIAI0819VD AT ORI

U

~ [ a <3 @ [ = L)
NN 27 gﬂll‘].llllmg‘ﬂ'l‘i/]']\iﬂ'lifl\iﬂ'lﬁ'!ﬂ‘ﬂ@lﬂ]@EJ'NPH "]NHJ'L!"]J’EN@EN
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~ 1 A A 14
NNN 28 3‘]JL£‘]J‘1JLLZ1$‘V]TVH\1ﬂ]iﬂﬂﬂﬂ1uﬂi$ﬂiﬂﬂuﬂ

& a d 4
8. TUADUMIIATILHAENATOA Ton Chromatograph: IC

32

o w ' { g a § o ! 3 o [l 1A
imegmnilwihe ideddos vagdanldlumanudediuuiirauily

1 I'd a =Y a a o le
laasludinmesving 50 ml @y DI water Y3195 5 ml AathadrewisWdy usna 1iuu 2

< o ' ' § ° a o
#2119 NTDIAI0E19WIU Membrane NIFWTU 0.45 um V118 13 mm udnih ldnsiziaae

4 i a 4 = I 1A
11304 Ton chromatograph; IC tfio3tns1zHivdsunalulasvvas lumsnluvihauily dae

A 9 A @ g
113049 IC lagl¥an1izununIndndil

M1319N 3 UEAAIEN1IZYBUATOY Ton Chromatograph

Ion Chromatograph; IC #%i0 Shimadzu §"M PIA-1000

Item

Specifications

Measuring range

0.01 — 1000 puS/cm

Column

Shim-pack IC-A3 (S) (2 mm 1.D.x150 mm)

Column Temperature

35°C

Column Pressure

45-50 kgf/em’

Cell pressure 3 mPa
Eluting flow rate 0.2 ml/min
Inject Volume 10 pl

Detector

Conductivity Polarity
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a v a
wamsIvanazenlsena

msdangiinEnalulasiies luasnlumihauiluoudhildifhudhbs vu
defhvearBeily uaziszasasudngaiiuu ewanduius sz lulasiuas
Nuasnluvihauiiususiunniaiias ssezne wazszeznamendimstaily Tasldenns
Huwnoe Tawan vua 9wy LUGER Tulasiuas luminiluesmlsyneudianlumiihau

A

1J14 (Gunshot Residue)

a d d
l.Nﬂﬂ”li?l!ﬂi]%‘ﬁﬂ'liﬁ%'&“ﬁluWﬁg114%%’[“11-!‘1?]51’]!!&3“!1!!6]57]
a s g A Y 9
mﬂmi'Jmi1zm’niazmﬂmmgmwﬁu"lu"lmmgaz'lumm1nmmmjmu 6:12

mg/1 & Chromatogram UDI@150E 1N IATITUNTY AININN 29

ANA 29 Chromatogram vasensazaesnasgiuna lulasvinas luwsn Wudu 6 : 12 mgn
Peak no.1 Chromatogram of Nitrite 6 mg/1

Peak no.2 Chromatogram of Nitrate 12 mg/1

33
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91NN Nitrite 3 Retention time 7 6.462 1ag Nitrate 3 Retention time 1 8.854
iiohasazaeuAI IUNENINAATIZHRAMOIATEY IC WUNTATR >1.5

d‘ o 4 a Y d‘j 9

dohasazaremasgiunanlulasinaz luasnudnsizdaie 1C 1ease

N31MNIATFIU (Calibration Curve) lANANIINABDIAAIAIATIN 4 18T 5

MR 4 anudniufssr s e IdRafua e 1as (me)
ANIYNYH (mg/l) Aunaeiuildin SD %RSD

1.5 56497 135.691 0.240

3 112063 703.072 0.627

45 166815.333 487.854 0.292

6 218545.333 504.086 0.231

7.5 274219 2046.829 0.746

=1

= o o & o a4 X Y o Y 9
ATTNN S ANUFUNUDITIEHINAURAINUN @Wﬂﬂﬂﬂ'ﬂu!ﬂlwﬂluﬂlﬂ\ﬂu!ﬂﬁﬂ (mg/1)

ANMTNUY (mg/l) Aunaaiuil i SD %RSD
3 92846.333 188.468 0.203
6 167202.333 809.970 0.484
9 243877.333 511.583 0.209
12 319219 485.150 0.152
15 408373 3039.935 0.744

v
=

1 [ ' k2
1o SD ApAIULBUUIIATTIUINAURADUBIN LN IATinvEIEITAZA0UINTTIN
4 o g
war i lasnuas Tuwsn anmsmmsnaan 3 o
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4
Chromatogram ¥esd13aza1wanasgIunay lu lasiuas luasn ae 1c

. ) .
AN 47 Chromatogram Vs 1sazatenIasgunan lulasiuaz luasn Aanumdudu

1.5 : 3 mg/l (peak no.2 nitrite, peak no.3 nitrate)

; , ;
A7 48 Chromatogram vesesazaeuIasgiunay lulasiuaz lumsn fanududu 3: 6

mg/1 (peak no.1 nitrite, peak no.2 nitrate)
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. ) .
AN 49 Chromatogram voda1sazatenIasgunan lulasiuaz luasn Aanumdudu

4.5 : 9 mg/l (peak no.1 nitrite, peak no.2 nitrate)

. ) :
7NN 50  Chromatogram vovd1sazatenIasgunan lulasiuaz luasn Aanumdudu

6 : 12 mg/l (peak no.1 nitrite, peak no.2 nitrate)
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AN 51 Chromatogram vesensazaesnasgiunay lulasvinas lumsn Aanududy

7.5 : 15 mg/l (peak no.1 nitrite, peak no.2 nitrate)

Chromatogram ¥4 11 lasinaz Tumsnlwwinduihi de 1c

A A a 2 < @ T

' o ' H < @
AMWA 52 Chromatogram  vo4d20819/ A 11T 1withes Rszezds 2 62 Nudled199iui

(peak no.4 nitrite, peak no.6 nitrate)
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AMNWA 53 Chromatogram  Vad@d0819/ N 13w 8e Rszezda 15 17 DA% UM

(peak no.4 nitrite, peak no.6 nitrate)
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(peak no.4 nitrite, peak no.6 nitrate)
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ANA 55 Chromatogram veddlee1afn 11t uidde Rszezd 40 17 DudIed199iuR

(peak no.3 nitrite, peak no.5 nitrate)

~ o ' i} Y YA < @ 1 o A A Y ya A
NINN 56 Chromatogram VAIAIDYIUADNIHYI INUAIDYNNUN ‘I/I‘Viu”l’e)ﬂ‘llﬂﬁl%jﬂﬂﬂu

(peak no.4 nitrite, peak no.5 nitrate)
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U G

(peak no.4 nitrite, peak no.5 nitrate)

~ o 1 R g g 3 o 1 o oad A 9 9 Yn A
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9 u

(peak no.5 nitrite, peak no.6 nitrate)
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(peak no.3 nitrite, peak no.5 nitrate)

4 1" Aa
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A o [l s R A a Yy 9
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(peak no.2 nitrite, peak no.3 nitrate)
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MWN 61 Chromatogram  ¥939A29819n5AANEIN 1 USuNszandszguidiedie

(peak no.3 nitrite, peak no.4 nitrate)

NN 62  Chromatogram YBIAI0619NTUANEIN 1 UTIUNTLINUBITIIVN

(peak no.3 nitrite, peak no.4 nitrate)
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(peak no.3 nitrite, peak no.4 nitrate)
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