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Development and Validation of an LC-MS/MS Method for Drug Quantification in

Blood in accordance with International Standards
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Abstract

One of the most important objectives of forensic toxicological analysis is to assist
in medico-legal death investigations. To determine the suspect’s cause of death, forensic
toxicologists need to quantitate the concentration of substance abuse in blood samples
because the effects of drug abuse depend on the level of drug concentration in blood.
The common technique used to quantitate abused drug and their metabolites in blood is
liquid chromatography/tandem-mass spectrometry (LC/MS/MS) due to the high selectivity
and sensitivity. However, The International Association of Forensic Toxicologists (TIAFT)
has a recommendation on “Laboratory Guidelines” that all methods must be validated
before being employed as a routine method. These articles present the method
development and validation in accordance with international standards for drug and
metabolite quantitation in blood by liquid chromatography - tandem mass spectrometry
(LC-Triple-quadrupole MS) which can quantitate 16 drugs and metabolites in one injection.

Keywords: Method validation, Quantitation, Blood
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Tonauiu Tunsainsinisldemasugnaniu (Synergistic Interaction) $aufu 1w n15ldendigns

NASTUUUSEAMIINTULDAN080d Aatun1saT1anIUSutenluidendsdianusnduag1auin
AU UNIIAULANYINGT (Drummer, 2010)

AALNANYINGI5ZAVAINE (The International Association of Forensic Toxicologists;

ya YV o

TIAFT) Tafidnuuginlilu Laboratory Guidelines wag The Society of Forensic Toxicologists

Y YV

(SOFT) lafivauuzinlily SOFT/AAFS Forensic Toxicology Laboratory Guidelines ﬁmﬂﬁgmﬁ
nogautuldlureslfufinistunewinunisasiaaeuauldlnvesis (Method Validation)
nouNazduldILATIENADE19959UaE 8N IIBIIUNANITATINATIEN Lag n1s15ltnesNld

a o w a

f519aauAUlYlAe9Id WL In91NA8IN15M5IIR FATIARUDINITATIATIUTLIM ALY
3o Annududunss Wuduiy ﬁ]%LL(ﬂﬂﬁi’]\‘iﬁ'ulﬂ‘ﬁu@gjﬁU%%ﬁi‘ﬂUﬂﬁaLﬂi’wﬁ (TIAFT, 2014
ag SOFT, 2006)
A1snsavdeunuldlanvesds (Method Validation)

n1sn3IaeunIlFliuesds (Method Validation) 1unszuiunsiiiofigatl/maaey
A UNEALR RS sTiane Aeuiluldruiieliiinnusiiladniansdudetels
wazaninsolieuldnuingusyasd HAmsieneiidnuiuisiviianisesds (Reference
Method) #139381105571 (Standard Method) uiduasumsnsraaeunuldliudlaglad
MLUAsuLlas Msvageuaziiesn1snIuaaU (Method Verification) aumisidwmasaininun
LidNIT IR RAnwLIuA SN T wn v e dnudaswnannisensdeas fosinng

(%
tY

ns19aaunUlTlev9935 (Validation) nautluldau ierdun1s8udulinisn1sa msig iy

Y aa

Tnan1sieszundanuududiazyausula I8n15aszvmvsunadiulnadeuldnig
TANIN1UUAD LC-MS/MS Gedpsiinisnsivdeunisifiwesdmsunisanadeuamuldlavesis
98191 AD Selectivity, Linearity, Accuracy, Precision wag Lower Limit of Quantification (LLOQ)

(Peters, 2006)
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UszaA
WeRwuISuazasiaaaumnuldldvesiznisnsamUsunaewasuunueladluden
16 WA LN 7-Aminoflunitrazepam, 7-Aminonitrazepam, Alprazolam, Amphetamine, Clonazepam,
Diazepam, Flunitrazepam, Ketamine, MDA, MDMA, Methadone, Methamphetamine, Nitrazepam,
Nordiazepam, Oxazepam tag Temazepam A18LtnALdA LC-MS/MS (Triple-quadrupole MS)

a

e ldlunsnnamvimaeludenvesiesufian1siaed an1dulfinermans
s 08UIGINY
1. Wu33n15m5293A5199 (Method Development) wiaman1isfiviunzaulunis
ATINATETIIIUTHIELazLLLUBlafludon e e LENAR 191 Methamphetamine (81U1)
wag Amphetamine (uunualasaosg1un), MDMA (819) wag MDA (luunuolanvesand)
LAZYIUBUNAUNGY Benzodiazepines 191 Diazepam kagiuunualas (Nordiazepam waz
Oxazepam) (Jusu
2. n519a0uAulYlav9938 (Method Validation) n1sasaanidsutuerluiden

laginatla LC-MS/MS (Triple-Quadrupole MS) M1alkuIn1eu1ASFINAING Lnenadaeudnyue
$1997M7301LUINIIYBY The Scientific Working Group for Forensic Toxicology (SWGTOX, 2013)
Usznaueg

2.1 A1 W12 U0935 (Selectivity and Specificity) sflennaauiniiiiasiy i
fiannuaiursalunisnsiainaisidesnisnsiaialudiegnaien Tnsusiaaindssuniy
(Interference)

2.2 Iad1Anu09n19952930 (Limit of Detection) Lilen 32980 UUIUIME AR
fARAnssviduannsansianule

2.3 Indinvean1snsiadausunas (Lower Limit of Quantitation) iiansaadeu
Uiinashanvessludeniianinsnlinseiiagsssmuiunald

2.4 anududunss (Linearity) Lﬁa@mmé’mﬁuﬁ‘iwdw Corresponding Response
fuUSinaeasfideanisnsiate

2.5 MINARDUAINLWILLAZAILTIBIUBT (Accuracy wag Precision) tiensiadey

A1 Random Error kag Systematic Error 90939M15LATIZ%

4|



2.6 HANTENUIINLUNSNG (Matrix Effect) 1iion3719d@0UNANTENUVBLUNI NG
Awdsnsiasnzaidl fie 1den) denishiaszaiusinae Wy nsanvieufiadyaiaildan
idasilesuiiownaniuneunisinisusemierinueiiegis
NaN15IY

1. NMSNAILIAGNITATIIATIIUTINNELazuunUaladluldan
INNITHAUIITNITATITLATIEINIUS U e wasiuuwnueladiuldon 16 ¥iln
Tnewmada LO/MS/MS fu v¥inldldannedildlunisiasisiusinmeuaziuunveladluden
16 winluaduien Tnedneandonaneildlunsiaseiluginves Liquid Chromatograph
Fam5eil 1 waraneiildlunisiinsieiludiuves Dynamic MRM Parameter §ann5197 2

Bwssumesdenlag Unden 200 lulasdnsi@y 2M Tris buffer (pH 9.0) 200 lulasdnsuan

DD

afineay Butyl chloride 1 f888nS ualaga18NAUNIY 10% acetonitrile 1 Tadans
14 Diazepam-d5, Methamphetamine-d5 Lag MDMA-d5 \¥u Internal Standard

A19199 1 aneildlunisiaseilugiuved Liquid Chromatograph

N15AIAN ERUGHEL
Column Poroshell 120 EC-18 (2.1x150 mm, 2.7 um particle size)
Guard column Poroshell 120 EC-18 (2.1x5 mm, 2.7 pm particle size)
Mobile phase A: 10mM ammonium formate with 0.1% formic acid in water

B: 0.1% formic acid in Acetonitrile

Gradient program

Time (min) B (%)
0 5
1 5
8 95
10 95
10.05 5

Stop time  10.10 min

Post Run 2 min

Flow rate 0.4 mL/min
Injection volume 10 ul
Temperature a5 °c
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A15197 2 annenlglunsitaseilugiuaes Dynamic MRM Parameter

Compound Name Precursor Product Fragment CE (V) RetTime Polarity
lon lon V) (min)

7-Aminoflunitrazepam 284 227 380 25 4.46 Positive
148 380 30
135 380 33

7-Amino-Nitrazepam 252 121 380 25 352 Positive
94 380 50

Alprazolam 309.7 282 380 25 5.7 Positive
275 380 29
206 380 49

Amphetamine 136 119 380 5 3.29 Positive
91 380 17

Clonazepam 316 270 380 25 5.7 Positive
241 380 30
176 380 25

Diazepam 285 223 380 30 6.53 Positive
193 380 30
154 380 25

Diazepam-d3 288 225 380 30 6.53 Positive
157 380 30

Flunitrazepam 314 268 380 29 5.96 Positive
239 380 37
183 380 49

Ketamine 238 207 380 15 3.71 Positive
125 380 25
67 380 25

MDA 180 163 380 9 3.37 Positive
105 380 25

*@%UN AB quantitative ion

6 |



A15197 2 angnldlunsiasigiludiuaes Dynamic MRM Parameter (sg)

Compound Name Precursor lon  Product Fragment CE Ret Time  Polarity
lon V) V) (min)
MDMA 194.2 163 380 9 3.48 Positive
133 380 20
105 380 25
MDMA-d5 199 165 380 10 3.48 Positive
107 380 30
Methadone 310 265 380 13 5.48 Positive
105 380 29
57 380 20
Methamphetamine 150 119 380 9 3.44 Positive
91 380 17
Methamphetamine-d5 155 121 380 17 3.44 Positive
91 380 9
Nitrazepam 282 236 380 30 558 Positive
207 380 30
180 380 30
Nordiazepam 271 208 380 30 598 Positive
165 380 32
140 380 30
Oxazepam 287 269 380 18 5.56 Positive
241 380 35
127.9 380 20
Temazepam 301 283 380 10 6.05 Positive
255 380 17

*@%UN AB quantitative ion
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2. asvdaunuldlauasis (Method Validation)
mMinTaeuAlElAveis Az svageuA1Ree) laun Selectivity and Specificity,
Linearity, LOD, LLOQ, Accuracy, Precision wag Matrix Effect lnglddiag1aidanidu Blank
Matrix Samples fiseaziBeananisnaaausiil
2.1 Selectivity and Specificity
Specificity shlslasnnsnaaeuidon (Blank Blood) Miiiuseenilegusnueusine
nsnaaauinnu e luneliifieingn (Mixed Drugs) imnududu 10 pe/mL $1uau 32 wile
L% Y Acetaminophen, Amitriptyline, Cathine, Codeine, Fentanyl, Lorazepam, JWH-1503-1 Wudy
daun1smagoy Selectivity 91na1siinuldlusnenie (Endogenous Compounds) 1 vildTne
NMINAAEUATIEREEAIN 10 WiAEY nan1sNAdaUNYdn ldnuasisunIun1sIaAsIEie
(Interference Peaks) lufa981997190U
2.2 Linearity
129989 d L8 calibration curves u gnAtnuAIInAIATNTY
7ldlun155nwn (Therapeutic Level) wazpisesiuideliinfiy (Toxic Level) votenudazyin
Tngldutasvis 16 wlinoondu 3 ndu Tdunnau A, B uag Clagld Calibration Curves 1 7

[
g

AU WALYNEINIALR 8 ASINanaaau Calibration Model 518a2L8nA M99 3

#1319% 3 5187981 Therapeutic Concentration Range WagAIAAINLINT UV Calibration Curves

kay QC WRarsYAU

Group Reference standard Therapeutic Cal.l Cal.2 Cal.3 Cal.da Cal.5 Cal.6 Cal.7 QC-L QC-M QC-H
Conc. range pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
(ug/ml)
A Methamphetamine 0.01-0.05 0.005 0.01 0.05 0.09 0.12 0.16 0.2 0.015 0.1 0.18
MDMA 0.1-0.35
Nitrazepam 0.03-0.07
7-Aminoflunitrazepam 0.005-0.015
Alprazolam 0.005-0.05
Flunitrazepam 0.005-0.015
B Amphetamine 0.02-0.15 0.01 0.1 0.25 0.5 0.6 0.8 1 0.065 0.5 0.9
MDA 0-0.4
7-Aminonitrazepam 0.03-0.07
Methadone 0.07-0.1
Clonazepam 0.02-0.07
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M157199 3 $18%981 Therapeutic Concentration Range kagA1AMUILT WYY Calibration Curves

way QC wpagseau (99)

Group | Reference standard Therapeutic Call Cal.2 Cal.3 Cal.g Cal.5 Cal.6 Cal.7 QC-L QC-M QCH
Conc. range pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
(pg/mL)
C Nordiazepam 0.2-1.8 0.025 0.25 0.5 1 2 3 4 0.2 2 4

Diazepam 0.125-1.5

Oxazepam 0.15-2

Temazepam 0.3-0.9

Ketamine 0.5-6.5

1/x wag 1/x2 Calibration Model gnldlunisgaiadruduius 31nn1s@nwainyin
A1 Correlation Coefficient (R?) %adaﬂwﬂ%ﬁmiu 8 911U UAIN1ANIT 0.990 8nLIU Ketamine

Tl 7 NflA1 RZ windu 0.989 wdegnslsiniu Awnarsegtutefieensuls

7-aminoflunitrazepam - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

oY= 0.967470 * x - 0.012056
R"2 = 0.99833624
1.8 Type:Linear, Origin:lgnore, Weight:1/x

1.6
1.4
1.2

1,
0.8
0.6
0.4
0.2

04

Relative Responses

01 0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2 21
Relative Concentration

A 1 fee Calibration curves group A firandudi 0.005-0.20 pg/mL 183158533

AATIERUTUIU 7-Aminoflunitrazepam faewnaila LC/MS/MS
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ms’mﬁ 4 Regression Models, Correlation Coefficients (R?) and LLOQs YDINTISATINATIEN

Usinauenludendnowaia LC/MS/MS (Fudi 2)

Analytes Model R? LLOQ*(ng/ml)
7-Aminoflunitrazepam Linear 0.998 5
Alprazolam Linear 0.996 5
Flunitrazepam Linear 0.997 5
Methamphetamine Linear 0.998 5
MDMA Linear 0.997 5
Nitrazepam Linear 0.996 5
7-Aminonitrazepam Linear 0.998 10
Amphetamine Quadratic 0.996 10
Clonazepam Linear 0.997 10
MDA Quadratic 0.995 10
Methadone Linear 0.997 10
Diazepam Quadratic 0.999 25
Ketamine Linear 0.992 25
Nordiazepam Linear 0.997 25
Oxazepam Quadratic 0.999 25
Temazepam Quadratic 0.998 25

2.3 Limit of Detection (LOD)
A1INAABUNIA1 LOD i1lasld blank blood LEILANFIBA1TUINTFIULNT
ANLTNTUA A 7i 1,2 wag 5 ne/mlL WENTIATIEREn 10 Adalnemailn LC-MS/MS
(dMRM) Tnefi LOD éieaiidn Signal-to-Noise Ratio (S/N) agnstiesvindunioninnin 3 (S/N =3)

1RgiNaNISNAADUAINITIN 5
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M13199 5 aguen LOD vean1sasidiinseidSinaeludenmemaila LC/MS/MS

Group Compound Name Calibration Range LOD
A T-aminoflunitrazepam 5-200 ng/mL 1 ng/mL
A Alprazolam 1 ng/mL
A Flunitrazepam 1 ng/mL
A Methamphetamine 1 ng/mL
A MDMA 1 ng/mL
A Nitrazepam 1 ng/mL
B T-Aminonitrazepam 10 - 1,000 ng/mL 1 ng/mL
B Amphetamine 5 ng/mL
B Clonazepam 2 ng/mL
B MDA 1 ng/mL
B Methadone 1 ng/mL
@ Diazepam 25 ng/mL - 4 ug/mL 5 ng/mL
C Ketamine 1 ng/mL
C Nordiazepam 1 ng/mL
C Oxazepam 5 ng/mL
C Temazepam 2 ng/mL

2.4 Lower Limit of Quantitation (LLOQ)

Lower Limit of Quantitation (LLOQ) AeAmandudusigaussenluidendiaiunsa
mUsalalaefasiian Accuracy hag Precision agﬂmhdﬁsam%’ulﬁﬁa +20% Fslunsnadeui
8l daraduduiigaues Calibration Curves Lilugn LLOQ sArdanaailifisanediniu
n13n519m e ludenluszduiildlun1s$nen A1 Accuracy was Precision 983 LLOQ
uansluidessly

2.5 Accuracy L@ Precision

INAINAFBUAT Accuracy way Precision 1898194 16 Bia 3 AN3LTNTU WUT)

!
o

Anlaeglugianveuiulafetesnit 20 % lawilA1 %Bias 8g5¥1i1e -13.75 fia 9.12 Uay

A1 9%RSD Bg5¥1I19 1.98 fie 7.54
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d1m3UAT Accuracy wag Precision 1 LLOQ Hunuin efilaegludisniseusulade
Wosnin +20% lneilA1 %bias 858131 -5.53 4 5.81 UagA1 %RSD agsening 0.19 s 7.27

UALLDYARINNT N 6

A19199 6 W@ Inter-day assay precision and accuracy 91 LLOQ 989401305993t 189UTLUY7

Tudeamewmada LC/MS/MS (n = 8)

Analyte Expected Observed Accuracy Precision
Concentration, Concentration, (%Bias) (%RSD)
ng/ml ng/ml

7-amino-flunitrazepam 5 5.24 a4.71 294
Alprazolam 5 5.10 1.91 272
Flunitrazepam 5 5.29 5.81 5.03
MDMA 5 5.17 3.37 222
Methamphetamine 5 5.25 4.99 5.11
Nitrazepam 5 5.26 5.26 4.73
T7-amino-nitrazepam 10 9.96 -0.38 0.48
Amphetamine 10 9.96 -0.45 0.28
Clonazepam 10 9.47 -5.35 6.35
MDA 10 9.96 -0.45 0.19
Methadone 10 10.34 3.41 7.27
Diazepam 25 25.00 -0.01 0.23
Ketamine 25 24.85 -0.62 0.20
Nordiazepam 25 25.56 2.26 577
Oxazepam 25 24.99 -0.05 0.22
Temazepam 25 25.08 0.31 0.20

12 |



2.6 Matrix Effect

1 {

Matrix effect fil#iAnTiasn3n 100% azuanidanisiia lon Suppression Tuvaed
A1U1N171 100% 22Us%Fan1917A lon Enhancement na21nN1SNAAOUNUTY Matrix
dsnaldntossenisfiinyuszy (Onization) Ingild1sening 98.70% - 105.08% AAandudus
(50 ng/mL) uazdlAnszwing 97.55% — 105.53% finnuidudugs (500 ng/ml) Gsagluinauei

N5URUSU AB %lonization Suppression/Enhancement ABsiATDYNIN +25%

dsduazaiusnena

'
=

n31tediTagUsrasdiieimuiisnnansafigauagasaaouniuldldveiisnis
nsramUsnnuekaziuuualadlulden 16 gla tawn 7-Aminoflunitrazepam, 7-Amino-
Nitrazepam, Alprazolam, Amphetamine, Clonazepam, Diazepam, Flunitrazepam, Ketamine,
DA, MDMA, Methadone, Methamphetamine, Nitrazepam, Nordiazepam, Oxazepam L& ¢

Temazepam Inginafia LC/MS/MS (Triple-Quadrupole MS) iiialiauisansianiuiuiaen

YY)

waziuwnvalanludennszaunldlunissnwle lagaunsaagunInsuuemanisIdenall

1%

1. e sgninauunl a1u1sadiunliuselesulunisnsianianvnuednis
S N 1% a = Y A - v & o
HeFinniinannisidennuauiavsenisideiaussian ineldidunangudsznaulunis
a a oA a ¢ a = - Y o ¢ o A
#13001AF LHBI91NNIIATIATIENIzA N TavenUSU e nuludenlanifeseaud
Tdlunsinw il sassyladnsinaenasianuludeniueglusyiu nldlunssnvivie

i o A Ya a 1 3 a Ao F '
agluszAunneliiniwwniine wasluanmnvesnisidedinlaviels

£% (%
v

2. A5N15ATIEINNAUITULN LA U501 U IE LN US N waELLLNUB Las

'
aa o 1

Tudeald Inednsraniauduuitaunsoundalunstindegtusnnudndalaiesainisi

a &

Td@eaiiias 200 lulasans Feaztroundguinsanmiegrsidmsiaigauiusuiusiin

Y

a 1

wannidagiurieslfuiinismetinyinerdilngludssmalnedildanunsonsramusunm

grnazansivludenls wuindiiissiosufuinisluiwiesndaiiuaiunsalunisnsradausunu

Yo

Weasndedninauiasedile @15119551U kageernuiueIYAaIng NMsIdetTadunisiiy
YaAUA1UI50IUNIIATIVNATIENN e TRTBINe1vesaa I TudAIne1aans IRl sgIu

Weuwinluszeuana
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3. 91NHaN159539a0UANIY1AYe9TT (Method Validation) Wunuinisn1snageuil
fanugndediaziaiudnlunisnsialiamenusinaeludens 16 ¥ila lngiensANauTuIN

o v

AAu9 1N (Selectivity) Tun15RSI3UENE1SNABINITILATIEI HAT Linearity, Accuracy,

Y a1

Precision uag Matrix Effect aefluziaiioeniuls a1 LOD agluts 1-5 ng/mL uazdld1 LLOQ

[ (%
9

agludae 5-25 ng/mL Feasounguizauldlunisinul fatdu Fensneaeulilindumuigay

Pz lulglun15n15992973 A5 US UNNe LA D ALALS I8 IUNANISTATIZITES
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A Theory of Innovation Conducts Crime

UsiaAag Nu1syey

ANzSFAEns PnaInTaluvIng sy

Poramez Kumarnboon

Faculty of Political Science, Chulalongkorn University.

UNAnLa
s e o a A4 & w = a A

unANEdun1sUELoLUIAA LNOAITBLAUONG YA UNITY1INe IniTdn
ngefuinnssudinieivgyinssy vrdsngnisailudmudagiuundniudoiauenguijun
Wioldlunuudiaeudauuifn asuisusingnisal kasiauiedsingnisalinaziindu
Weuinnssuludludspunaionsginssavadsiiudanssuidu unldusznavenvgyinssy
TuurazUszinnlanadnisa aueseInsiianiseensuuinnssumantiu eg1alsiniy e1vgInssu
WoiarUTE L INN TSN UUATUALNTUTENOUR B INTTUILAUIANINNVINTU

o o [ =

AEIARY: D1 VEYINTIN, WINNTTU, NTAVEIUAIN

Abstract

This article presents a new proposition of theorem in criminology called a theory
of Innovation Conducts Crime, which refers to phenomena of crime in today's society.
The purposes to set the theory as a conceptual model explain and predict the occurrence
of future phenomena. In case of new innovations taking place in the society, contemporary
criminals use innovations as a criminal tool. As long as the misuse of innovations is
successful, the criminals will adopt those innovations to commit further crimes. However,
each type of crime that innovations are supporting will grow more spaciously.

Keyword: Crime, Innovation, Digital Investigation
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a1y Inssusmalisladswlauntlvdunategluuulndlugafdviauwisanissui 21
lagtaniznisunvaluladfdva wazni15doa15u1Usenaue1¥ey1n5su (Criminal Cyber
Technology) fiusnainazvilverwginstihluldlsenavorginssulaieau Swilinsdvaiu

[y

Junuilululdenngatu dsdsingnsalfivia Cybercrime naneguuuuluiagiu

L4

nnrsdanaaluiadeulnienvgyinssusivadelulandagiuvesdide
lnupruduiusiianusahundenlesadeiuuuidy Conceptual Model Faanatirlugnis
asrmguluiianunsaldesuieusingnisalnintu wazvinugeutanlansauagudiladng

'
=

AR NaulanuInnisauesgy1Inet lunisidenlesanuduiussenineevyinssuuay
winnssuinazyililine 1w InssuiuTUNIeanal kagAuaINIsalun1TavaIUdaUAIY
N19A391a (Digital Investigation) Hd1ud 1Al UAITAIINUABATINITLANTUNIDANAIVDIBNTINT

WNDIVYINTTY

o/

ngUseeA
1. WesusnusingmsallduinnssuusenavetvyinssumnnduluefnwasJagdu
W1A$19AUFUNUTIENIN AINAINI5LUAITAUAIUADUAIUNIIATT aaEnN15TUNY
Jusivuesasnnsiiudunisanasesmisiinenvgngsuludemu
2. 19a319uUUT1883A21UAN (Conceptual Model) 85UN8®1TEYINTTUNLAATU
wazvingewan Wdnseuivaistaauenguunlg (Proposition of Theorem) Msewey1inen
Yy a L2 Y g cda X 1 @ a ] v Y v
wagynlasunisiigandudunaies asandsingnisaliinduinduats waglufglaving 1l

[ Yy a ¢ & a
Aaglasumsiigadilungug

a dz:l' d' v
wUIAANgEfNNEITD
a v ::gl’y %3 %4 % a o Q{' Ql' vV £ I3 a
unAITeinetefnng wazUsuyn1sideiingtesiumans wasnguiuldly
¥ G| a % 1 t:’l/
NMSAUMIANININTBAINATE AdsialUil
1. anuduaans
“Science” Tunmu netunanena “Fans” ¥se “Inedrans” aSutelaegs U
AININTBE1Y1TYIMANIINAITAUNIAIININTBA1NITIudn o1 ussuy
($muz, 2560) MansTilinn1sAumIAIN3AIIN9399ITRg (Objective) ag1aduszuy 1y LAl
Wand 33w 138011INe1MERTEITUVIF AIUAITAUNIAIINIAINATI A1NFNTUAeY
n193alala (Subjective) sutinainnisdunausingnisal drnndiasiziegrwdussuy

mngsfnwusingnisalniieItesseniteuyediuaywdisendt feumans waz winysding

16 |



Usingnisaiiidulaanvesuyuwdisenin uyverians “Wiuievesaans” @ 4 Usznns

(Smuz, 2560) Ao UTTEIY BEUIY YUY kaTAIUANUTINGNITAINIAN

Y =
2. NFasImg e
ngud] (Theory) 9nvaee Aaunane 1EEWRe A dunguily asulaegelein
o @ v a = ) & o 1% & v &
naud) WJudiunuaudn anuevesyrnaiiludiauenguiu diniasraluuluiad
Tudnwaziduwusssy WedeUselovdliiauinluld 61989 a8uneniefinnu Usingnisellay
wazasavinueUTINgMsaltue) 1o naufd 2 Useanvan (Saus, 2560, 1.36) Nwansieiu Ao
2.1 Nui3eIngsn (Rational theory) Aia (Saug, 2560) Nou)ias1enIenis
° @ o X ] v = 2 v 1% % -1 Y
Avuadanvdiuuifeunales tea31u (Fanfedetaus) uatasisuluiminvuegiu
AINNANAFUNATRIFININLAETataNe viTbilaAIu3A1Nase Insadumana lilynisiga
WaUsedne LU NQUNIRNAAIERNT N NIIHEnd wsalsund Hypothetical Deductive
Theory
2.2 NufLB9UsEany (Empirical theory) Ao ($aug, 2560) nguiNasislagy
Joyaidiszdnsdamiundslsinged AsteauyRauniluld uainainnisdeunadsingnisal
lusfnfiuun lngimuavaulumsesnasanen Andutmnliddeny fnuaulusial dvue
Talaue wagiiudieg Aldunudsingnisalnlaannnisdung anuuasasEuuANFUTIS
wazinunaguaiemaNalInssns ssndtsdatauswazdanad Bedanauiinruduuiusssy
& ] [ a v ¢ o = a s A ' 2w
wnBuile azlunquiildlaynaaiunisal damgquiniaingieans wseseninanuduly
lU (Generalize) 9zunauniulusag
TUABUNITATIING WY VIa03UTELAN N9 NQULTITATIN wagNgudalseiny

MnyasusuanlUgteasy Aunmi 1 aelinanianseinuiy esungladaialuil

#awail (Axiom or Postulate)

o] Yarduaniangufun (Proposition or Theorem)
(Theory) ulunAUuazLe (Concepts and Definition)

doiiaese (Fact)

AW 1 p3AUsENRUNG U (SMus, 2560, U. 33)
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A 1 Tudiuwed nguidaszany NLEUANEI WU BUAUNdeLA93s (Fact)
NnUsIngnsaindunamiuiuniruauluviel (Concept) Fauluvimiaziannuluuiusssunii

% & ¢ o ~

Yoifiaase ulufimiazgnitundenlesfionsing (Logio) fauvnaunanatsifudeiaus

WIanauiun (Proposition) wdununasuiiniudanasl (Axiom or Postulate)
Tumenduduanuuasaradu vguiidangsn andaneiifdnvuedennuiduaie

Frurumnuiinisisveeenunfudeiauenienguiun Jeazusznauludagulusiad

719

ee

Funsuiudamiaasalalnenseinnsigan
3. AMUFUNUS TN uazauyRgIY

auyRAgIuAevuiisemmaaeu lunsdindvguilaegneuna agvinmsisiedeniny

v
a v 4

ganuIANVg L esiduyRgiuyadenududinysineg Avhnisigadnaaeuls uazlefiga

9 9 9

naaaududulanaziiu vguiisingsn (Rational Theory)
drumgulWeusedny lldunannististengu))! Mlegiou MinudauyAgILAWEIIN
n1sdunausngniIsalauaitiuaevils 39a319tannunidonleeadNdNRuS e NI IuYs

luusingnisaliug Mitlugniseudvasrududeiaus (Proposition) vesguf] wazninlasu

[ [
Ly [ a =

a s 6 @ a & v @ a av vo
ﬂ"liWQQu‘EJUEJUMﬁWEJS] ﬂsﬂﬂ']ﬂﬂﬁ']ﬂaﬂ']immLﬂﬂsﬂu’J']LUUQiﬂ ﬂﬂaiﬂfquUuaﬂJHmﬁ']UV]l@ﬁU

a ¢ < =
NIINEIUTUNE )
Y

15 iiunsidodeamnn eadrmguiiasedng drenisdududnu
Usingnisaldeenvgnssudunisléuinnssulumlannaiensd Tneifudeyasinsuide
INIUALUNAIY

MnuTAsERUTIngnisaitaafivue wluiml afsdelauendenguiun fvun
fusene Mdunuusingnisaliildainnisdans aireguiuussuumnsduiugssninedinds
wlugnisquiailudeiaus (Proposition) Men1siaiuIwuuIIaesnIu@n (Conceptual Model)
digldlunisesunelaenisliignsedne Exemplars) Usingnsaifesiinduaissznounis
fusudeiaus Mniuagiifielfiinniseensuidunguiluifianuisn vssers edue viune
Usingnisalldinseungu wazaunsaldidunuimemaaziunmsiuussuaalinfanioldliin

Usingmsadsanaila

"n1slidenquiidednounse Deductive Method Aid NM150YNIUNITAUNIAIINIAIINATIIN

AnuSiAnnTinegnounds namsiTeanduaiullonguiiifiegnowduass (nsénd, 2559)

ealle
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1. NTDULUIANIUNIFIY

Tun1s3delannunnsoululAnnITITeINNSANEIUIINGNISAIINAMUAGILUS 3 69

£
§ v a

Wiothanadaruduiug fadl

Mikdsau (x) fie gaadenselian (Time)

AaUsnu (y) Ao 9rT1N15ARDITYINTTH

fuwdsaiuau (a) e ANUEINNTalUNSEUEINaDUAIUNIATYA (Digital Investigation)
Dudnduszrminsdunuadiunisduaudunuiilivield

U

Awuseuty Wasuwlasmudiwl sy TnefiuegiufiuUsniuauaemMuuasnsInig

Y

WnTuns oanaeafiulsnn Tuvuneds deanaimullusazyaaivavgyinssuasiivlaiy

WseanasnTusgfuANasatuNsAva L@ UAIUNISRAT AU InNssuTIe 1wy UL Y

Y

2. A5AIUNISIY

ludeswiu fideladaunnusingnisalitensginsdiuinnssuanysenaua¥gInssy
watensdludinulanilapeiindumiuiuuad §33elddngluuunisesuiaidudeiaus
vianguunlugiiuuaunisniendnmans (Mathematical Model) kagnsin u1udiiaue

adqa a -d' a 6 £ d! 7Y 424’
’Jﬁﬂ?i@ﬁ‘lﬂﬁlLW@iaﬂW'ﬁW@jﬁ]uEJuEm mwsimuﬂmmu
Crime

y =x“
s
Hereisf(x) :

\ / -x = Digital Forensic works
/ +x = Digital Forensic doesn’t works

N
\ a = Detective Rates
\ S

. 2 x

Time

AT 2 FILUUNANNTNG B UInNTININMI81wEYInssy (Innovation Conducts Crime

Conceptual Model)

(%
Y v Y

98UAITBLAUDNTONYHUNTT AILUVUNANNITNY A UTANTINUINID1VYINTTY

ey

fidnwazdunsiv uazaunis wisilual (Parabola) wuuszdivany esunelessil
“ugpadelaluginial x aen x AeyeadeNnisduarudununishiuinnssutug

lansely) Weyaadelaavgyinsnelduinnssulsenaue s inssunad L[WImninNaIuIse

'
P

Tun1sdvatuni1efdvianduse@ansain azdruaiarsanegluis x lagadaiuaiunse
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% IS

lunisdvaluaeuaiun1eiidvia dndiusenineduiuAffuAITavaIuTUNNAIBIYYINS
oAU a 919 INTINUSHANTINALanat8E195IAL57

= aa

NN YINTUIUIRNTINLIUSENE U INTTLLA ld@ NN TaduaIUNR A LA

£Y IS

zifiasaunegluils +x lngauaiunsalunsduaiuaauaIun1emava ddndiuseniig

JuuAfiunsdvaIudunudiesyInsWlawnau a o InssuUseantuasAvlnTuegs

< ”»
TIRLIY

NANI59Y
Mnderaueviienguiunireiu Savesndegrsusingnisal (Exemplars) fonwgyinslé
wethuinnssuinUseneveanssuniadu 2 Ussianfe mstduinnssuusenovowyinssu
wendvaudunula Aunislduinnssuusznavevanssusaduaiudunulile
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ATM Skimming

‘Skimming is an illegal activity that involves the installation of a device, usually undetectable by
ATM users, that secretly records bank account data when the user inserts an ATM card into the
machine. Criminals can then encode the stolen data onto a blank card and use it to loot the
customer's bank account.

o Hidden camera
A concealed camera is typically used in conjunction with the skimming device in order to record
customers typing their PIN into the ATM keypad. Cameras are usually concealed somewhere on
the front of the ATM—in this example, just above the screen in a phony ATM part—or somewhere
nearby (like a light fixture).

e Skimmer
The skimmer, which looks very
similar to the original card reader
in color and texture, fits right
over the card reader—the
original card reader is usually
concave in shape (curving

inward), while the skimmer is
more convex (curving outward).
As customers insert their ATM
card, bank account information
on the card is “skimmed,” or
stolen, and usually stored on
'some type of electronic device.

Keypad overlay

The use of a keypad overlay-
placed directly on top of the
factory-installed keypad—is a
fairly new technique that takes
the place of a concealed
camera. Instead of visually
recording users punching in
their PINs, circuitry inside the
phony keypad stores the
actual keystrokes.

AWl 5 113 Skimming § ATM (SharkShows.tv, 2015)
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Cocaine Smuggiing Guide Plastic Cocaine

COCAINE VERY GOOD QUALITY 1 GR

COCAINE Very good prod

COCAINE VERY GOOD QUALITY 5 GR

LSD * COKE * MDMA * XTC

COCAINE Very good prods

11 B

| Raw uncut Columbian 39 Rocketfuel 32 Cocaine Tested at
over 91 Purity 0.5g

Deta2dact21951 Pandora
ketfuel 39 Cocaine Tested at over 91 Purity 0.59
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Bitcoin Ransom [[{[1]{T:\\Z 4] (8

Bitcoin Ransoms Are Becoming More Popular in
Kidnappings

BIT-NEWS

“ON OCT 22. THE FAMILY OF
BILLIONAIRE PEARL ORIENTAL OIL
FERUSPERS I INDIA DEMAND BITCOIN FOR RANSOM CHAIRMAN WONG YUK-KWAN
PAID TAIWANESE KIDNAPPERS

$1.68 MILLION (USD) IN BITCOIN £
AFTER THEY THREATENED 10 "DIG
OUT THE EYEBALLS OR CHOP OFF
THE LEGS™ OF YUK-KWAN."

AN 7 nsTusisenAlanie Bitcoin (Beam, 2017)
nsTuslsenalanay Cryptocurrency 3sarunsaviuiglaanduuiliuiagidulnau

ag19IL5 LU lan

dsduazanusiena
NN1sRdudetauenIanguuniiianiesuieysingnisalaiefieg19n1s
ey INTsNMAgLinT I luannuazUagiu iliagudududaiawaladn

gradelaludasaan x nn1sdvarudununislduinnssudy Usenousivy1nssy

9 9

aa v A

nszvirlausela winauansalunsduaIunnIvialussdnsnn e1venTsulszLantu
Jzanateg19sIa uagdminevginsdiuinnssulaniusznoversginssunal liamise

£
v v VL&I U L

= aa a 1 < Y a
AUAIUNNAINRIUNULA m%mmﬁmuu%mu‘lmamwmm HRdedelasen Conceptual Model

U
[

minauengufunlndilin “Innovation Conducts Crime”
nindatauenguunidlasunisigatdudu aqe38a5ureUsingnisainisiin
9YINTINANE PNNTIFUTRNTIN tazdauisaiuigeulanlaninesgyInsiuinnssulal
Minduluderuunvsznevervyinssuasduliluianmdde lnenlifidleaunsadndredeiaue
N & = & 2 = 2 = wa 2 o o ° a
Mg uunil Jziiuanuduuiusssuuntuses ) aullnuantinnudutemludiliesuie
wazyituneysingnisailanaly nanedunguiuinnssuidinieisginssudeinguszasd

a v a & a a a 1l o v a o J val 1
UNN1TIY LLazmmLUuLLuquwgmmm’mms[,wwmmiamvl,ﬂqunﬁmmaaaeﬂ,maﬂmalﬂ

24 |



LANE1581984

wduitd (2018). "Enl8n" TaadRufsnaaiduinasan ndanaadradu. duduie 12 wwiey
2561. WislaaIn http://www.nationtv.tv/main/content/378617419.

fiwne Faudan w guin. (2559). Uegndeauaans. Rusindefl 2). ngamwa. vianenufon.

WSANG Howd (2529). Aanfuvisnnsade. nsamuviuas. dinfanilngannwnds.

g1la wewuTysal. (2553). n1sAnwiwuunsal@nei. Journal of Education Khon Kaen
University. 33(4), 42-50

Y]

mug Yraus. (2560). USuyn3de. (Uil 4). nTavne. 3adnsaluninende.

aNe

o))

s $afisa15550.(2545). wzsrvlyaftosnuwazdsruusiunisaniiu Anwinsal
wnsnslumssifiunisineafiutuan. Imerdnusafmansumcudin, aniinende
SERDIYAN)

Beam. (2017). Tasdnwadaluduitdsi3ondaldify Bitcoin. Siamblockchain. duduLile
12 n3nyneu 2560. \91891A97A https://siamblockchain.com/2017/07/05/indian-
kidnappersdemand-bitcoin-ransom.

Malwarebytes, TechAdvisor. (2018). Dark Web fiaaz15? aSurauuutdaladne. Thaicert.
dudulile 12 n3N41AN 2560. W1A9LA910 https:/Awww.thaicert.or.th/newsbite
/2017-07-26-03.html.

Van Dalen, D.B. (1980). Understanding Educational Research: An introduction. British

Journal of Educational Studies.28(2):153-155

Y A
KLU
v
°o_ o Y A 4
A Ye-dna WPUSIUAIS NUITYY
MUBU/FNA UdnUsygyen vangnIenv1Ineuasn1seRsIsy
AAIYPIFIANING ALY BEINY
ANESTMIANS PAINTANMING Y
Moguaniigy PNANIAUUMING T aUUSITQUA
wuaeTalvd waunuiu ngemnariuas 10330
E-mail: poramez@live.com

| 25


http://www.nationtv.tv/main/content/378617419/
https://siamblockchain.com/2017/07/05/indian-kidnappersdemand-bitcoin-ransom/
https://siamblockchain.com/2017/07/05/indian-kidnappersdemand-bitcoin-ransom/
https://www.thaicert.or.th/newsbite%20/2017-07-26-03.html
https://www.thaicert.or.th/newsbite%20/2017-07-26-03.html

NsETIvINTEwY e Laziiivemans lsussuuneiosssa

Journal of Criminology and Forensic Science

n13nsRdnuazsnesilsEnaululasnnszgulunnnednlusi@ 1agds Scanning Electron
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The determination of atomic compositions on bullet cases by Scanning Electron

Microscope/Energy Dispersive X-ray Spectroscopy for forensic application
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Abstract
This research aims to examine the distribution of an atomic composition of
gunshot residue found on bullet cases of semi-automatic pistols with the Scanning
Electron Microscope with Energy Dispersive X-ray Spectroscopy (SEM/EDX) technique. The
samples of this study are bullet cases of Glock 17, 19,26 and 75CZ compact. These models
have a bullet caliber in 9 mm. range. For the 11 mm. bullets, Glock 21 and Kimber were
selected to study. The analysis of variance with One-Way Anova was used for statistical
analysis.
The results show that:
1. The different of bullet caliber sizes affects the quantity of Antimony Barium and
Lead with statistical significance at 0.05. The 11 mm. bullet has a larger amount
of Antimony and Barium more than the 9 mm bullet. On the contrary, the 9 mm.
bullet has more Lead than the 11 mm. bullet
2. The different types of pistols show the quantity of Antimony Barium and Lead with
statistical different at 0.05. The 11 mm semi-automatic pistol, Kimber, has a larger
amount of Antimony and Barium than the others, but has the least Lead

Keywords: SEM/EDX, Gunshot Residue, Bullet case

UNi

¥
= o I

Tudagtudgyniervainssulafnfudiuiuninuasiivudlduiiag iuA U U
WINPT LHB991IN819EYINTHNIsUTULABUFURUUKaEISN1sRBe1 9y NIy Taeldaany
a v B a o W = A A - °o o w o
WigAhminginswasmaluladadglmiduesesdonosvgyinssy nsiagtiagnseyil
AuAnwwaneinduisesiieindiuin dadu inthfidisradnludesdieiniug
meenuiiiineremansinUszendldlunisasiafianivdnguainingneusiie Mhunainaaiui
Aane weneliinyuselevldonssuiunisefisssy a1u15ag1uneaNueisssulinugdene
¥ Y Y < 1 a aaa 6= < o v a [ k4
wazgfomlaluegned diinermansdadunisiienuimanemansynaiviuilssendld

<

A a ¢ v a = P YY) v Y] Y o
W@Wiﬂ"ﬂusﬂa V]f\]f\]iQELUV’]@Iﬂ’J'nJLW@N@ELUﬂWﬁUQﬂUIGUﬂQﬁN']EJLLagﬂqiaflIW‘H Iu{j"ﬂ"q‘qulﬂqu@q

—

Tadneremaniuldluveulwalagnily dell nsnsrvantuiiamnuazni1saiegy NMnsIa

| 27



NsETIvINTEwY e Laziiivemans lsussuuneiosssa

Journal of Criminology and Forensic Science

aeilaile 11daN 1191 N1IANTIABNATT N13ATI99175UULAE LATBINTEAUTUN N1IATIANILAT

a s = o

N15ATIINAANG N1TMTIINFITINGT LagN1IATIINNLAIY NATINTN1TNTETINA

Re

[y [

o1y LinTu nerundngruludeyadidyueinisdvaiuasuaiu ldinesluingneiu

Y

e

¥
4 a1 A A 1 A a

MdudeyausindinisnsziRiafelu wieUsditangAnssuvesnuiionazustinieoulediem

Y

[ v

AnszyiiRe wenananuiiinmgziuurassinvesoyadAyAiing1auiwas AuAIm

o

vouvaluladnisnnafigalingnenunduduladeniamiiiaauidameiianud dguiniu

9 9

' ¥
a a =

91951n55461199 MAnYuludagdu lunareaidnaziionysUudrluifeidesag aae

' '
(3 v A

wazueRRAuilde1sUneanunaIn s uAntuInIelagansu eANaEAINLANTNaUNE
naINAnews Fuvdautuniinainn1sdaduiiuueniainazilansganeineg e n1us1anie
a & v ya v a ¢ = - U vda o a ¢ |
V30LH0K1Y0HBIUAT 113N TIINGINDTUUINEIZUMETNEUY lagn13nsI3TiAT ety
(Gunshot Residue ; GSR) Fndunafitinainnisibudiniendsainnisdelu lnseideoynin
LA S vy a o v = | ' 1 Y}
Yoy Belaunainnisseilnuazinn ndvessuiuienseguiu dwlvnguseneumesindu
& 3 9 | a v ay = = < = A o
\JuesAusznaunanag 3 vlia loun wouilud (Sb), wuises (Ba) wagazna (Pb) Is18emududuii
a1u13aNUaYN1AYBIsIRTRTussAUsznouldegates 2 ¥lin N13RIAIAT TRV TUR Y

aa

e & a s a a 1% a ° = = )
LAIDIUDNIINYIANTRNT I@ElLQW’]%L‘Vlﬂu@ﬁ'if]'lﬁ%ﬂim@mamﬂﬂﬁquf\ﬂLW']SH']LGIIEJQEJ LLHUYN

a ¢ A N o

Usendanauazanliing desifinnafnanszuiunseRsIsy nsizanansaiiaatinetud uladin

R a A N A DY a A a o« 1= a ¢ ° ]
yanaluladunsBeluniangitesiunisistuunasmseld Smanisinssianunsatdilg
rundrarslunisiuaiudeuaiuaile ol sngiiludiulsznaundnvesayniawatuilaein
nsraululdlaegluanizualudunilumindy widgiausanuldaindasnnszaudunie

(%

dwandou N13nTI93AT s dudidodndanuddaduegiaunn insize1ystunay
ww3eenszauluiudannelimfadunsislunisneeivginssy waziiggnafinaaudienu
Aideddlinnuaulanasladnyinagyinisveasinisnsadneazsnesruseneululasnnsequ
Yunnewnlusi® 1neAd Scanning Electron Microscope/ Energy Dispersive X-ray Spectroscopy
- s aaa s a ¢ ¢ a

Wouszyndldluaulifinermans a1u1503uAs1ens1nesaUsenaulasnIUsuIneeg

smpenUsenauinuluvasnnszguiunnisdnludbudasvla aianldlunisilseuiisunas

inlUszendldluanuiliingrmanslaeg1aiiussdnsam

28 |



UszaA
LiveAnwuardinsievianyaesinesalsenauidifyluvasnnszauiunnisdnluds

- W v

Mupnsineiulagly SEM/EDX

2. WednwuTuusinesndsenauiinululasnnszauiunniadnlud@Nuaned 19y

Tnely SEM/EDX

[

3. WelTguiisuuTunasinesddseneuddginululasnnseautunniednluds

Aunnenaty Tngld SEM/EDX

52 08UA5IY

n1539ea3eiltiunisAne1n153Te1Bannans (Experimental Research) Lilodnun

LarIATeRanyarsIneslsenaund Ay luUaennszauiunnednlud® was AnwiUsunn

IS = o

13 = v a = o = = a
s1nesAlsenauinuludasnnszaudunniednludd soudeiinisiSeuiiisuusunn

IS = o

snpsrUsznouddyinuluasnnszautunnAsdnlud@nunndiaiu Taeld SEM/EDX
1. insesilonazgunsaintldlun1side
1.1 Scanning Electron Microscope and Energy Dispersive X-ray Spectroscopy (SEM-EDX)
1.2 Yunndedalusi® aue 9 v, 8%e Glock U 17, 19 uag 26
1.3 Yunniednlusi® vuim 9 wa. Bfe CZ u 75 Compact
1.4 YunnAsdalusl@ vuin 11 s, B Glock Ju 21
1.5 YunnAednliusi@ vuim 11 wa. B9 Kimber
1.6 gavuas v durdaunun1milen (Stub)
1.7 n3EANWNT
2. JAuiiun133Y
2.1 %1 Blank sample Tagld Stub #ifia Carbon tab w&3 waglufianusinevaen
nszauindalailignldds assudnusudresesiduunsruiu o ldiwisuiiisusinuay

U3UN00u89519 1A TIINUNEIINNNTEUY

| 29



NsETIvINTEwY e Laziiivemans lsussuuneiosssa

Journal of Criminology and Forensic Science

[y

2.2 ynsBetiu Tneldersdunnisdnlud@ S1umu 6 nszuen laefswanBendsil
(1) Yunniednlus® awn 9 wu. B%e Glock U 17, 19 uaz 26
(2) Dunnfadmlusii vunm 9 ua. Bfe CZ Ju 75 Compact
(3) YunnAedmlusf@ wum 11 3. B Glock Ju 21
(4) DunnAsdnlugi® vuim 11 wa. B Kimber
2.3 nsBetumniednlul@ ednar 5 9 arndusiinisfueiiduluain
UMEUaENNTTEUUIAMUTITRBTNRIATWIY NENdI1NNNIBIUT
2.4 thiegfildnmafvanfuliusuiategnefiiuldiourhnisBedu (Blank
sample) lunsradinsziitonvdinnazyiunamessigiifuesduszneuluvaon nszauiusme
wiAtA Scanning Electron Microscope and Energy Dispersive X-ray Spectroscopy (SEM-EDX)
3. N5ALATIENYRYA

Y

anpnldlunideilee
3.1 NTATIZNADALTINTIUUA (Descriptive Statistic) LA A1Lade (Mean) wag
dhrudeauunnsgiu (SD)

a

3.2 MIUATILVEDALTIUNI (Inferential Statistic) N1sNAGBULSULTEUUITN

WwiAudunTIanuIINIUMeUaenn srautluviind1eiu Ingn1satasieiauLlsusiu

MaAET (One-way ANOVA) Lagnsynaauauwand19seniteladeasingy (t-test)

HaN13398
N13ANE¥ITLLTBY NMIRTITN BT IMRIRUsEnaululaennssguiunnnenlula lnedd
Scanning Electron Microscope/Energy Dispersive X-ray Spectroscopy laNan1INAanIfail
a ¢ v ¢ Ao W = 2 o wa P
1. M3Ansendneaizsnasausznaundfgy luvasnnseguiunniednlud® Taeld
SEM/EDX
MNNsAnwENYreIALaYNIINTEIEMvBLINTUAIENdeganssABanaTou

WUUEDINTIA (SEM) lagNAgaU 3 AILRLL AIRI5197 1
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A15197 1 ANWAUEAITNTEINYAILATALUNASUYDWINIUY 91101589038V UNNNID R LULRA

YA 9 11l B¥e Glock §u 17, 19 Wag 26 uazdvio CZ Ju 75 Compact wagiumnn

[y

neonlud@ w1 11 1y, 8% Glock Ju 21 wagdiie Kimber

yilaUunn ANYUZIUNIALANIINTTANYAIVBAVHIUY 3 AU
= o wa
nednluda 1 2 3
VUIA 9 UL

glﬁ’a Glock

U 17

YUIN 9 U.

? Glock

(0)))
e

U 19

?jﬁa Glock

U 26

-YUIRN 9 UU.
fe cz
U 75

Compact
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A15197 1 ANWAUEAITNTEINYAILATALUNASUYDWINIUY 91101589038V UNNNID R LULRA

YA 9 11l B¥e Glock §u 17, 19 Wag 26 uazdvio CZ Ju 75 Compact wagiumnn

[y

neonlud@ w1 11 1y, 8% Glock Ju 21 wagdiie Kimber

yilaUunn ANYUZIUNIALANIINTTANYAIVBAVHIUY 3 AU
= o wa
nednluda 1 2 3
YUIN 11 24

glﬁ’a Glock

U 21

U 11 U

898 Kimber

2. Giinawassnasdusznauiinuluuaannszguiunnnednlud® laely SEM/EDX

31NNINTIATIIUTINEMeIAUsENoUlWUaRNN sEautunnAdrluiRusasyiin

I (3

AieinAtin SEM/EDX wuid1 U519eeAusenaunand 3 516 laun woudludl (Sb) wutieu (Ba)

9

wazae3 (Pb) FallUSunasisanuylinfansisialudl
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M13199 2 USunaessnesrusenaudAgyinululasnnszguiu N8antunnidnluli

yilatunnnadnlusia Element%
waudluil (Sb) wuisey (Ba) Az (Pb)

YU 9 131.8%0 Glock u 17 5.44 5.90 88.66
YU 9 1858 Glock U 19 8.58 4.67 86.75
yum 9 13.8%e Glock U 26 6.14 5.27 88.59
YU 9 1. D5 CZ Ju 75 12.69 6.17 81.14
Compact

v 11 3. Bve Glock U 21 13.73 6.50 79.77
¢ 11 1y, 890 Kimber 16.91 11.74 71.35

o/

3. nMsWSsuliisulsnIusInesAYssnavddgnnuluvasnnszguiunniednluda Tneld

SEM/EDX

[

3.1 nswWisuiisuaafsUsuiuiasazvassinesausznavaraginululaannsseu

o =& o wa o oy
UuWﬂﬂ\‘iaﬂiuuﬁl Q']LLUﬂW"IﬁJ“Uu']ﬂ’UENﬂiZQUUu

a a a ] a a 1% ay °
MA1979N 3 ﬂ’ﬁLTJi'EJ“UL‘VIEJ‘U?]']LaaﬂﬂimqmiaﬂaﬁﬂaﬂﬁqﬁLL@UWIQJ‘U (Sb) AW UNMUYUIAVDY

nsvaulu
YU N ALade daudeauy t Sig.
NITEu (Mean) 4M351U (SD)
9 . 60 8.21 3.61 5.943 0.000*
11 uy. 30 15.32 6.03

NMsiUTguiiguARdeUIuIusegay (Element%) Y03519uauiluil (Sb) Iuunaiy
d o - ' - Y S A %
YUIAVBINTEAUUY AIN5199 3 WU nszautuvwn 9 uu. AU 11 wy. JUSuaseuasedsg

wauAluil (Sb) wnnesiuedwlidudAysadianseau 0.05 Fansvaudurua 11 uy. JUsu

Tovazvassmuaudludl (Sb) unndnszguiuvuim 9 uul.
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A15199 4 n1sidTguliiguaadeUsunuseuarvaIsInkuLTed (Ba) 1LUNAINIUIATES

nsrauly
UIA N ALady daudeauy t Sig.
N3zEuU (Mean) 11m3551U (SD)
9 uu. 60 5.50 2.87 3.271 0.002*
11 uu. 30 9.12 5.70

nnslIpuiiguAedeusinnseeas (Element%) S1AKULSEY (Ba) T4UNAINYUIA
Y94nTeaulu AInN1519% 38 Wud nszauluauin 9 wu. Av 11 91, dUsuiuiesazves
519uULIEY (Ba) wanAnuegelted1AynIananseau 0.05 Fansvauluauin 11 uu.

a A b4 a 1 =
NUNUTOUaYUDITALULIEY (Ba) 1innATEduluIun 9 Nl

a = ~ ' a ~ % v ° A
M139N 5 ﬂ'ﬁL‘UﬁEJ‘UL‘V]EJ'Uﬂ']LQﬁgﬂiﬂqmiaﬂagmaﬂﬁqﬂmgﬂj (Pb) AWUNPUIUAVBINTEEUUY

9

YUNANTTHU N ALade daudeaiuu t Sig.
(Mean) 11M3ZU (SD)
9 u. 60 86.28 5.10 5.750 0.000*
11 . 30 75.56 9.56

PNMIUIeUIgUANRBEUSINTaLay (Element%) ¥83519nzNa (Pb) 31UUNALYUIA

=

4 o ' Y ) a a o Y]
Yaansraulu AIN15199 39 WU AsEAUULILIA 9 Wi, AU 11 1y, JUSuadeuasvawnnemi

o w a

(Pb) wansinefiuegeliedAgynisanainsedu 0.05 Fansrauluruin 9 uy. dUsunusesazves

o

5997 (Pb) 1nnINseguiuvuin 11 uy.
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3.2 nswIguliisuAafsvasliniusinesausznavdrAgyinuluvasnnszguiunn

Nednluda Iuunautinyataysiy

M1319% 6 ARRsuardILlELUNLINITINTRISINNTRUaEYRIE M RIAUTEN o UA AR TINY

Tudasnnszguiunniagnlugi

Yuatu Element%
wouRluil (Sb) wulSea (Ba) ax (Pb)
Mean SD Mean SD Mean SD

Blank 1 5 - - - - -
Blank 2 - - - - - -
Glock 17 5.44 1.92 5.90 2.75 88.66 3.64
Glock 19 8.58 2.89 4.67 2.27 86.75 4.72
Glock 21 13.73 3.21 6.50 2.47 19.77 3.11
Glock 26 6.14 2.24 5.27 2.19 88.59 4.06
Kimber 16.91 1.72 11.74 6.82 71.35 11.89
cz 12.69 1.85 6% 3.98 81.14 4.15

=~ I 2 o va o v . ~ a a 1%

31NA15199 6 WU YunnAednlud@ 8ve Kimber dd1tadeUsuiusesas v
(Element%) waufluil (Sb) wnfign iy 16,91% F09a3u1pie 898 Glock Ju 21 deade
Wiy 13.73% wae 8vie CZ 3u 75 Compact AWaaewiiiu 12.69%

Yunniednluds 8ve Kimber fidaduUsunnsogsasvaesin (Elementd%) Wuisey
(Ba) wn#iga i1y 11.74% 509a9u1A8 890 Glock Ju 21 dA1LRALLYINAU 6.50% uay
dl L4 ! a1 dl ! U
v CZ u 75 Compact dALadewiiv 6.17%

YunnAsdnlugd® 8ve Kimber dAnadeuTunuiosarvedsis (Element%) nxA3 (Pb)
Y A v A aw ] A = | w R
Weghan Wiy 71.35% 509a911A8 818 Glock Ju 21 UANAReWU 79.77% uax 8vie CZ

$u 75 Compact fiAnadewinty 81.14%
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A151991 7 NsiUSeuliiguaadeUsinusosarvessinuwauRluil (Sb) Tuunnuviinuese1isiy

Taelgn193AIERANULUSUTIUNILREN

LAEUDIANY SS df MS F Sig.
wdsusau
iz‘w’iﬁﬂﬂ@:&l 1568.445 5 313.689 20.827 0.000*
aelungy 1265.204 84 15.062
374 2833.649 89

31NN15.USEUL B UAILRAEUS NI 0UAZ YRI5 1N LBUALNT (SD) FuunmUYTaves
91750u lngldn153tAT189iA1wYSUTIUNILAEY (One-Way ANOVA) A9n151991 7 wudn
A1 F = 20.827 Sig. = 0.000 FailAoendn 0.05 wandd1 ¥HAYBID1IFUNNLANASLTIUTU

'
aa

SouavvaesInLauRLLT (Sb) unnddfuegstyd Aty eatiAvszAy 0.05

o - a i a a % a ° a =
M1379N 8 miLiJisJULVlEJ‘UﬂWLQaEJ‘lJimmiaEJamJaﬁﬁWlLL‘ULi‘EJEJ (Ba) f\]']LLUﬂG]']@J“UU@?JEN@'T%ﬁUu

TaeldnN153ATILRANULUTUS IUNI LR

HUAE9UDIATIU SS df MS F Sig.
wUsusau
531&’5’10?’1@:31 488.105 5 97.621 6.812 0.000*
melungy 1203.711 84 14.330
374 1691.816 89

* QludAgnsadaniseau 0.05

NNSUTEUTgUALRAEUTHIMTDEA RIS NIUSEY (Ba) TIMUNANTTAT099175
Ju Taeldn1373tAT129A10LUTUTIUNI9LA Y (One-Way ANOVA) A3m15149 8 WUIN
a . & oA Y ] ' a & | o A A
A1 F = 6.812 Sig. = 0.000 Fs¥AtaNndn 0.05 wandI1 YHavase1sUUALANAAY JUTuM

o w a [y

SouavvRIs ML USEY (Ba) uansaiueg 1 lidydfymneadianiseau 0.05

o
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A13199 9 N1swWTguiguALafsUSIuTesarYaIs NNl (Pb) I1uunnuylinuete135Uu

Taeldn193AsIERANULUSUTIUNLREN

LVAUDIAIY SS df MS F Sig.
wususau
i:‘m”mnﬁjm 3395.034 5 679.007 18.492 0.000*
aelungy 3084.327 84 36.718
37U 6479.361 89

* AtlydAgyMsadAnszau 0.05

Innsileuiiisuaedelsuiusesazuesinnend (Pb) 9uuna1uyinueda1ystu
Tneldn1sitas11A10uUsUSIUNIILAE (One-Way ANOVA) f9m15197 9 WUl

A1 F = 6.812 Sig. = 0.000 @adlA1peNdn 0.05 keana3) ¥ilavesd1sUUNLANAaTUTUTI

'
o aad

Sevavvessmne3 (Pb) wanAiuegwildedAgvnsainnsesu 0.05

7

d5duazanusnena

& A P w oA ! a ¢ & A [y
1. %uqﬂﬂmﬂ’izquﬂuwLLGmGlNﬂumNaﬁl@Uimﬁmﬂaﬂﬁﬁﬁlaﬂﬂﬂ’izﬂauwii 3 YU ‘lmLLﬂ

a v

wouAluil (Sb) wutisw (Ba) kaz nzil (Pb) unns1siueeNLusdIANINERRTITZAU 0.05

1.1 psgaguluwue 11 1y, (X = 15.32) IUSunavessinuwaualuil (Sb) 1nndnseau

9

Yurum 9 1. X = 8.21)

1.2 nszautuauin 11 1w, (X = 9.12) USunavessauulsed (Ba) snnninszauiu

q

PR 9 1. (X = 5.50)
1.3 nszauiiuuun 9w (X = 86.28) JUuaessinazm (Pb) unniinsequiu
1A 11 . (X = 75.56)
2. %ﬁmmaqawqﬁﬂuﬁLLmﬂﬁiNﬁ’uﬁmaﬁaU%mméuaqsmaqﬁﬂizﬂauﬁgq 39l

'
o w aa

Toun wouRlud (Sb) wulsey (Ba) wag azna (Pb) upnansiuee9ditbdAgynisadanszau 0.05
2.1 Junnfednlud®@ auin 11 u. 8ve Kimber JUSu10uv03519wauAlull (Sb)
(X = 16.91) uazuuisey (Ba) (X = 11.74) unniign sesasunme Yunnnednludfauin 11 uy.

B9 Glock u 21 Usinmvessimuaudluil (Sb) (X = 13.73) uazuuSeu (Ba) X = 6.50)
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2.2 Yunniednlusld vurn 11 un. 8%e Kimber SUTuv035 9022 (Pb)
(X = 71.35) touiian sesaunie Junnfadnlud® vunm 11 ua. e Glock Ju 21 fuTuaves
s (Pb) (X = 79.77)

R

& Av oA Y] N o = 1 ] I v A a
3. @']'gﬁﬂus]‘ﬁ@L@EJ']ﬂULLmGﬂQEUﬂu LLa%@']'gﬁUum']\‘ifJ'V]@LLa%@]'qu‘UﬂUNUiNWmGU@ﬂﬁ'Wﬂ

o w a

29AUIENBUNY 3 BUALANFNNIUBg 1T dydANIsanaNsEAU 0.05

o

=,

I1NN1THANTINTITTLATIEUAALLEITUIINAUTIEUaoNNTsguTUNBN1aIN

'
va a 1 '

Yunnfednlud@nsisdnowazarsguiu wuidn sigiiluesdlsznaundng 3 vda laun
wauRLLT (Sb) wuiseyl (Ba) Wazs1nmena (Pb) Falldnuwar s awanseiy dennqesiuuise

Y933WUTA ARkl (2535), Tt JuIT (2547), Schwoeble wag Exline (2000) wag Zeichner

v 1 d' 1%

] v < 1 & aa
LazAy (1991) ‘W‘U'J']EJUﬂ’]ﬂm'JEJEJ'N‘V]IW’\]Wﬂﬂ']iLﬂ‘U’\]']ﬂ‘i]"lu‘V]Wﬂﬂaaﬂﬂiga‘u‘U'N‘V]ENLLa'J

9

De

LY PN 1A = gj IS 1
uAvsunAnnululsau maumﬂuuawmaﬂwngﬂiw

9 9

IS (3 < a a
1519 09AUTENOULT UTUALAED

Y Yy
o

wane1eaiy NedTuegiuriaiazyuInveInsrauly WazvlalagauInvesa1suy aunN1Aues
(RS < a a a o a 2/ 4 IS
wihdudusuniaveseliunseans Ianwaznauuy inannswbndvesuuiumenseauiu

(Nesbitt et al., 1976)

UNIALIUUNATIINUS N RIAUTENBUNY 3 ¥ia Felawn waudlull (Sb) wusey (Ba)
warsmmazia (Pb) tulnlusimanesi Wudulszneuveteuniaaintuaunsalddudulai

JuwdMiinainnisBalu denngediuanuiddeves Wallace uaz McQuillan (1984) finwsns)

—

Mdudiulsznouretounimuiinduanguauyinensygulu wuin Pb-Sb-Ba tlusimanizsn

1 9

(Exclusive category) anusaldgudulsinduwainiiineinnsdsdu FwinnisBelutuaznusig
langduq Aldandasnnszquuazgnnszquiu wu wan (Fe) azaiidoy (A neosuas (Cu)

vudu (Schwoeble and Exline, 2000).

nN1sAneIUTUINYeIsIneIRUsEnauninululaennszgulunnisdnludfneedne

'
[y

wags193uii avanuInuinaessgueudludl (Sb) Luisew (Ba) wagsnmzia (Pb) luuTunwm
wand19iusluruinuazvinuese1yslukasnszauly An13199 10 Mellanaliesunain

Tngusrasalunisuane1isvunienssaulundesnisliiignyanuiedeUszdnsua

9 9
o

wagUsz@nsnmiuansnaiu GssmesrusynavreuinUuns 3 wietdudiuuszneundnd1fey

=

dynfudensyaudu Inengnandu Initiator it iiluedsysuniswnlnl Wuasiaiuse

q

38 |



seidndudsznmelnlidenisgnnszunn wuien 1Ju Oxidizer Ieenduiiietiewiiuaruiou

[

Tunsn vl wazwoudluthiy Fuel Wuldamanisnsiniswntnsagnasiaswazlimdala
Fadadliilagyafudeanszguluiedugnnszaulu aenndeeiueuidevesduyiens

NanNA (2554) ag Schwoeble wag Exline (2000)

v A

A1319% 10 USunawvessineausenevdAyinuludasnnseguiungeantunniadnludf

o

yiatu YANTTAUTY Element%

woudluil (Sb) wuSwu (Ba)  mzha (Pb)

Glock 17 RGN 5.44 5.90 88.66

Glock 19 9 . 8.58 4.67 86.75

Glock 26 9 uu. 6.14 5.27 88.59

CZ 75 Compact 9 uil. 12.69 6.17 81.14

Glock 21 11 4. 13.73 6.50 79.77

Kimber 11 3. 16.91 11.74 71.35
Jolduauuz

1.09LEUBLUEAINNITIY

1.1 a1nvSunanisesanushauduvudasnnszquiiuildlunisnaasunuin
nszauULILIA 11 1. 95WUSIR Barium Wag Antimony luuSinaiiigeninnszautiumin 9 ua.
Faflanuaenndesfuruinvesnszquiu luvazvsnudiinavesnziuulasnnszquiy
YU 9 . qqﬂd’m‘%mmsuaamﬁ"wuﬂaaﬂﬂizquﬂmum 11 31, oy Usunvesmeia
Anvuudasnnszauiuenaagliaenndesivauinvesnszauthuililunisds

1.2 MInTIanuNIINTzatBreainfuiuinsigesdussnouisanuiiuananeiy
vulaennszquilufiidvieuazauinfiuansneiu anunsatnluldusnuesUssinnuesenysiu

Aalunsoala
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Abstract

Forensic Clinic is a branch of forensic medicine that deals with the investigation
of life-threatening cases. It may include patients who may be in the future criminal cases.
The doctor, as an expert witness, must provide comments when requested by the justice
process. Doctors need to have knowledge of the law regarding physical abuse.
The severity of the legal penalty can be divided into three categories: injury does not
cause physical or mental harm, injuries cause physical or mental harm, and harming others

causes serious harm. When a physician examines and records information in a medical
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record or in a hospital form. To report the wound to the investigator correctly.
Furthermore, the physician may be required to testify the nature of the injury in court

Keywords: Clinical Forensic Medicine, Patient Case, Injuries Cause
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The Role of Public Participation in Community Crime Prevention
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Abstract
Police work is closely related to the people. The cooperation and support from
the people lead to accomplishment in crime prevention. For this reason, the police have

a mission to encourage people to take part in crime prevention with their capacity
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as to reduce the number of crime offense and for community’s security. Public
participation in crime prevention has been conducted in Thailand and other several
countries, but more effective in foreign countries. For instance, the United Kingdom and
Singapore have motivated the public to engage in many roles in crime prevention with
accomplishment. The concept and pattern of this sort of crime prevention from foreign
countries could be adopted and applied in Thailand.

Keywords: Role, Public Participation, Crime Prevention
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Abstract

This article was to review literature for knowledge about social interests.
The purpose aimed to study the details that contributed to reliable mobile phone forensics.
Those details include how the authorities collected electronic evidence from mobile
phones, how it had been used as evidence, how to use proofreading tools related to
smartphone, and hearing and admissibility of evidence in court. The results indicated that
the validation of data by CRC or hash was an alternative way of making electronic evidence
obtained from a smartphone more reliable.

Keywords: Reliability, Electronic Evidence, Mobile Phones
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Abstract

Qualitative study in scientific research is one of the missing truths of the reality in
forensic science. This article aims to describe a gatekeeper principle for data collection
and research in the Central Institute of Forensic Science (CIFS) as a means to gain
power/knowledge in relation to totalizing procedures and individual techniques. The
results show that a tension between the public interest to prevent road accident and the
risk of unauthorized access to case records need to be compensated. Consequently, the
gatekeeper principle of data collection and forensic research is formulated in 2018. By
power/knowledge relation, the totalizing procedures play a major role in promoting good
governance in forensic research. In addition, individual techniques also play a key role in
embedded researchers as “insiders”. It is obvious that balancing both of those
power/knowledge relations not only advances research activities in CIFS, but also fills
research gaps by two approaches ; 1) qualitatively adding values to forensic research
2) scientifically merging data collecting techniques. Thus, in order to extend the forensic
reality, it is useful to provide forensic research more qualitatively.

Keywords: Insider, Gatekeeper, Qualitative forensic research
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Abstract

Mobile devices, especially android devices have been used as a tool to commit many
computer-related crimes. Since these devices are not too expensive for people to purchase, they
can readily be camouflaged, hidden or destroyed. Due to modern technologies that enhance the
performance of these devices, there are so many functions to be used, and the storage is extremely.
Although we have various effective digital forensic tools to acquire usage data from mobile devices,
sometimes we have found that some important usage information such as communication with
voice messages or contacts from various applications via the Internet is unable to be acquired by
commercial softwares. This problem can affect the verification process. Using a proven
authentication technique by retrieving usage data from a database file or a backup file saved in an
Android device memory is also an option to enable complete device authentication. Hence, digital
forensic examiners need to know where to get access to those effectively android applications.

Keywords: Digital Evidence, Mobile Devices, Android Devices
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1.0 - (Alpha) 1 23 fugneu 2551
1.1 -(Beta) 2 9 NUATUS 2552
1.5  Cupcake (AULAN) 3 2.6.27 30 W8 2552
1.6 Donut (Iniin) 4 2.6.29 15 @Ay 2552
20 Eclair (eunas) 5 2.6.29 26 HA1AN 2552
20.1  Eclair (Bwnas) 6 2.6.29 3 §waAw 2552
21 Eclair (ounas) 7 2.6.29 12 4n51AU 2553
22 Froyo (nswiaulesise) 8 2.6.32 20 Ne¥AIAY 2553
23 Gingerbread (vuuies) 9 2.6.35 6 5UNAL 2553
2.33  Gingerbread (vunia?9) 10 2.6.35 9 NUAUS 2554
30 Honeycomb (329R4) 11 2.6.36 22 nunwus 2554
3.1 Honeycomb (339R9) 12 2.6.36 10 weun1AN 2554
3.2 Honeycomb (Sax‘iﬁyﬂ) 13 2.6.36 15 n3ny1Au 2554
4.0 Ice Cream Sandwich 14 3.0.1 19 fa1@l 2554
(wrusivlamnI)
4.0.3 lIce Cream Sandwich 15 16 5uPAU 2554
(wsuaiylornsu)
4.1 Jelly Bean (19aadu) 16 3.0.31 28 figuigu 2555
4.2 Jelly Bean (13a5du) 17 3.4.0 29 fa1Au 2555
43 Jelly Bean (13a5du) 18 3.4.0 24 NINYIAU 2556
4.4  KitKat (AnuAn) 19 3.10 31 panAu 2556
4.4W  Kitkat (AeuAndInsU 20 25 figugu 2557
gunsalauld)
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50  Lollipop (puu) 21 15 anAsl 2557

51 Lollipop (sugy) 22 9 fiunau 2558

6.0 Marshmallow 23 28 wgunAU 2558
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1.2 daulsznaunanvesaunIaiuaunsaen (Core Components)
gUnsalkounsasn (Android Device) agsznaulusaadiuiilu Hardware uaz

Software &eazilaguninenaedrunivtimuandieiuly lngluunanutisznantaanediu
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a o L4
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a a DY a ¢
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1.3 BulgUszU2aNanans (Central Processing Unit, CPU)
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o o
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q

@ [

13018 (Network), N13dnatAuteya (Storage), N13uandna (Display) warn135UAE (Input)
[ £% L3 f@ 1 LY o [ £% = o/
Jusu gunsalueunseeanidunuy Indunedszuulszuiananais lagly ARM (Acorn RISC
Machine) 1uniieUszanananans Fellanumuzauivvesgunsaldoasindoud 1lesain
TondsnulvilesdsliiUomanuanuunnesuintn yibaldaulauunaiedilug

1.4 mi78A21331 (RAM and NAND Flash)

lugunsalounsesainiienudnnigly (Internal Memory %39 Internal Storage)

2 kU fAd Volatile (Random Access Memory, RAM) gz Nonvolatine (NAND Flash) Tng RAM
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zgnldarulagsyuy (System) lun15i3enly (Load), n15UJUR (Execute) wagn139anas
(Manipulate) Iuﬁi’mﬁﬁﬂﬁﬁy%misuuﬂﬁﬂﬁms (Operating System), Application lag Data
Tunaue?i NAND Flash 14lunns4fu Boot Loader, Operating System e User Data

[
o

dmiugunsaldeansiAfountiu LUean8703 AN IUNUNLALYUIAURIRUN TR

At RAM waz NAND flash Fsgnasiaeeanuilusuiuuves Multichip Package (MCP) Faamii 2

NAND Flash 512M/ 1G/ 2G/ 4G/ 8G

Voltage option : 1.8v 2.7v
I/O Option : 1.8v 2.7v
Page Option : 512 / 2K byte

Voltage option : 1.8v

Mobile SDRAM
! 256M/ 512M/ 1G/ 2G/ 4G /O Option : X16 / X32
MCP PoP
107balls 130balls 137 balls 149 balls 160balls  152balls 168balls
10.5x13mm 8x9mm  10.5x13mm 10x14mm 15x15mm  14x14mm  12x12mm
Height : 1.0mm / 1.2mm/ 1.4 mm Height : 0.7mm / 0.8mm/ 0.9mm/ 1.0 mm

Your Choice NAND Flash
Your Choice Mobile DRAM

Your Choice Package

A

A i 2 Tassassves MCP (Mobile Memory) (Andrew Hoog, 2011)

1.5 wingaudvdnaenld (Removable Memory)
| = ] 2 v v ¢ s
diulsenavdndssiannldlunisinudeyanislduvesgunsaluounsagd
Aa A uTTnnenla (Removable Memory) %38 External Storage lnggunsniuaunsasn
finflewld Secure Digital Card (SD Card) 1umiieAnud sy LieiuwneNg Feieaudn

sranandouniisanudvids Nonvolatile wasldimalulad NAND Flash wwusmeniu
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2. MInTANgaUneumEng uada (Digital Evidence Analysis)

#aNUeIN15911 Digital Forensic Analysis Aasiashiliiinnisiasunladlag seneunangiu

a L3 1

lngdn329gdnl wililesnisgunsaideansinfouiiestuliiissuufiagaiunsa Shutdown,

Y

Weudaidiugunsaltesiunisileudeya (Write Blocker) hagdnuntoya (Imaged) lainilou

= 1 Y o

gunsalpoufiaimed Fetu N n1seudainiugunsaidealsindaui avvinliinnis

]

(%
Y 2/ a 4 wa |

Wasuwlastulinnddafinnands dsludasiafigaddesiinsugranazanuilunisujine

Y Y

v '
I 1 = £ & o w a

¢ ' PN I o Y a N 1
QUﬂimeaquaﬂqﬂLWﬂQW@WQSINWWIMLﬂ@ﬂ’]iLU@EJULLWJ@QW@GU@N@W JUuasza@nUeInn

U >

sal o

LagNASINIIINITRTIAigaunvi lviAnnisvasulUadlag Aungurangiufenandsudn
@ o0 @ v a Y1 = A Yaa] a & v ! J
Adludesedunemanalilainmgladsdenldisnisnsiaiigaddnainuy

2.1 Yupaun1sujiadegunsalfearsinfounluaaiuniiame

A
a L4 A

WladAguenssuIumnTIaigataunsaldoaisiafouniu fe n1sweneuldlyi
a = ' ¢ oo = vy o 1Y A %
Annsildsusdasderunsal vievenliinisideuntasliniosan uaideslvsnayUsenaunie
v & Ay awvay ¥ 1 a va = v 8 & i A a N A v o
Aeiiu nsguoRleuuRniunszuiunsignaesdensudluaniuiiname visiislaviinis
n338aulaaNgAseuAsed deanslunindg 3 agsialinerunangiudendndinugnsies
! A Y o b4 a 6 al 1 o o o 4 a : o
Undedie duvrylinan1InsIdliadlIANLLede wazyilinsEuIuM AT TTLAUAdY
Tunan1snianiganls Tvuneu feil

(1) Secure the Device n1sunosneiundngiulilimannisiudeundadlag vieain
foines wagangnlulidiuierdesduneIunangiu #9e1aiin1svimiendngiunse
iAansiasunUasteyals

(2) Pass Code Unlock tlavinnsgngunsaideansinaeunlauad arsAniladesianiy
Wldnuesendududuusn Wnglisvaeuaiuteyaannidivedniewdvinnisuandensid
nulminsnageunisidildauaIesdnase tielvdulaindasianaailuiesujdfinis
vannsaintateyamsidaula

(3) Network Isolation finnsigeusenudnyaaniedieiatesiunisiinfdeya

nszeglng waznsidsuwlasieyanisiWenseiuiasevieme lnen1sly Airplane Mode %30

09ATUNISADAN
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(4) Packaging yinn3UsIiuefetanfusiiunzay aufennsdenligunsal
dosriunsidouredynauniets Wy Faraday Bag iusu usiifemsmilsfeilotgunsalld
1y Faraday Bag w&athu aviliuunmesinundniesannaiesdasddndanuliiiannninng
Wefumdyananaietne fuiunisthats Power ie @18 Data méfwnm%

(5) Preservation guatlesiumeuvangulilifnnisdsundas wiegame ey
ihdedaresumnig

(6) Delivery to Laboratory ﬁwﬁaﬁaqﬂﬁﬂ’ﬁmﬂmm%aﬁq@

Secure the Device

!

Pass Code Unlock

!

Network Isolation

!

Packaging

!

Preservation

!

Delivery to Laboratory

= & a wa 1 ca d' P a a
AN 3 Euumaumiﬂgummaa;dﬂimaamimaauﬂuamumm@mq}
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2.2 YuppumsasIvigatluiiasufiing

2.2.1 Data Acquisition

' Y
0y

o Ay v & v P a ¢ e a q
aantlanarlutssiuundiinszuiunmnsiafigalgunsaideansindouiniu
v a A o ' 2PN a ] Y % =
Aeang1g1unandeanisnseyinaenelviiinnisildsuudasseneunangulilauinian
Aty Feresinnisadadeyanisldauaingunsaifnaniietlunsiaiiaan n1snsaagdeyanis
Tdrulasassinerunangrududsiilanasinduednede msizazilmannisvulouss
Wenang U Nsaindeyanistinuguniaiveunsenaunsavilaviaieds dan1wi 4
2.2.2 Logical Technique
& v v £ s o = i ::l' = &
Junsanadeyanisldnugunsalndinsdegluiaies (Allocated) Balunis
v Y v A a [ LY a ¢ < a o Y a

afindayanisldeunienvinlududuwsnlunisnsaiigad wesndunszurunsiiiliiianis
Waguwlasiangunangiudesiian nanfe tudinisweulusunsunlunigluneundngiu
(Root Access) Aiaan13biigawAn 15 UAlgulvun USB Debugging i Jaqdulizenduwas
Nsesfunmisaindeyanisidnuainaunsaikeunsegnegnainnatglmaenld vauuu Open

Source wagluu Commercial YupgnuUarenI1enINIUUsEaINYBIUAaE U89 Tunil

1 = a adg v A A A "
Azvenantuvaiianldaiseniu Open Source MUuU

Data Acquisition

Logical Acquisition Or Physical Acquisition

l

Data Analysis

] & a 1y a wa
AN 4 EUUWQUﬂqimﬁjﬂwaﬂuﬂuwam\Jaumﬂ'ﬁ
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2.2.3 Backup Analysis

JaqUuszuudfifnisuaunseudiasilaasny Application Tuu15995U

1Y a

n13 Backup Teyanisldauliunguslanlavaiunsatiluaun Application Aanaralaann

Y

Android Market F3aznuLa3esilefvinnis Backup Teyaldeesiluszansam lngannsaiden
§i1aziAudoyalffila 19y SD Card 38 Cloud 1Hudu wilsly Application Aiflouldiufe
“RerWare’s My Backup Pro” #4gldaruarunsaidonldinaziivienalif SO Card n3o
RerWare’s server a8 Application flanan3agsessunisaindeyanisidau il

- Application wfu Application install files, Integrated third-party application

- Communication 91 Contacts, Call log, SMS (Text Message), MMS (571814
fouatign Attached)

- Internet 1@u Browser bookmarks

- Gﬁaagaﬁuq 19 Home screens, Alarms, Dictionary, Calendars, Music Playlists,

System settings

2.2.4 AFLogical

v
&

insesiletloygnlildaulsRiamsddsiuldnguanenienthosunsnvnis
winths Tneanunsaamesdeu way Download léann httpy/Avaforensics.com/products/tools/
aflogical/ Application ﬁgﬂﬂ'wm%{uimw%ﬁm viaForensics %ammimaﬁm%gamﬂ%mu
(Logical Extraction) 31ngUnsaldeasiadeuiildiduifisafuiaiesiiondmutenianisdn
(Commercial Tools) lagsieaUaldesrulnun USB Debugging Viqﬂnsaﬂuaumaﬂﬁdau TEPEN

WewsaiuwAIesiladmsvaiadeya (Ubuntu Workstation) laglasaddonind11agsesunis

anndeyanisldnunivuiateyauin 88194y SMS database ilvoya SMS undla 35,000

¥ =) L2

Fanuld dldauainisaideninudeyanadalalian sD Card luguuuuves CSV uay

Y

'
[

lod infoxml Feagladayatneafivgunsalusunsegnuas Application NgNAnFIALLATEY

9

[

Hagtuntesdiotisesumaatndoyaldfe 41 Ussnn fedl
- Application 13U Social Contacts Activities
- Communication t9u Call Log, SMS, MMS, Contacts (Contact Method/
Extensions/ Groups/ Organizations/ Phones/Settings), IM (Accounts/ Chats/ Contacts

Provider/ Invitation/ Messages/ Providers/ Provider Setting)
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- Internet L% Browser (Bookmarks/Search), Search History
- Storage L% Phone Storage, External (Media/Image Media/Image Thumb

Media/Videos), Internal (Image Media/Image Thumb Media/Videos)

A

- Sﬁa;ﬂaaus} L%U Notes, Calendars (Attendees/Events/Extended Properties/

Reminders), Maps (Friends/Friends extra/ Friends contacts), People (Deleted)

\19991n99UAaNT bIUNANA LA AL N T UAIUUNUIBAIND SD Card A9 UYAIS

Y Y

o

seTalunisidiasesiletifanain SD Card MegluiaToangunangiueenneu waidsld SD Card

o a ¢ v A a 1 & d' Y a v o
“UENQJJG]‘JNWQ%HL?HIULLVMV] UUUU SD Card ‘UENLﬂia\ﬁwmuwaﬂg’luwgﬂL“UEJU‘UE];&@VI‘UNVL‘U

= [ o b4 v & Gl & @ [ v v v 1%
GszmMumwﬂ‘wwsnuwaﬂgmﬂumau Wi@IUUNﬂﬁ\‘]ﬂIMﬁWN'ﬁﬂ‘V]’]ﬂ"lﬁﬁﬂﬂ“ﬂ@@uaﬂﬁ'ﬂsﬁmﬂﬂﬂ bae

weninileanwenduwisnldlunisisteyanislidain (Data Acquisition) 3ngunsal

v

foasndouiinanuthsdiuiu auseldiesedieridu Android Open Source Bueils il

- gavldwas andriller 13158 Download 17
https://www.andriller.com/license/

- @aWAKAT sourceforge @130 Download 6
https://sourceforge.net/projects/osaftoolkit/

- 4aM¢wIs ANDROPHSY @131158 Download i
https://github.com/scorelab/ANDROPHSY

2.2.5 Physical Technique

" Y (% '
Y Y o = I

o v v Y e « a el «
L‘U‘Hﬂqiaﬂﬂsﬂayjaﬂ']{LSUQ'WUSUENQUﬂimgiaa']iLﬂa@uwwflﬂllﬂ V]QV]EN@\?N@EJIUL@?@Q

1
=

(Allocated) uarUayangnaveanianniazesluual (Deleted data) saudsteyaignid1sianie &

Y Y

[

ansavile 2 sUuuy fsil

(1) n1sana tagly Hardware UJaqdull 2 maila A N15%1 JTAG wag Chip-off

2.

$I51ABN1511101 NAND Flash eenunainaunsaldeaisindeuiiiearindeyanisidau feadu
NInTIRTigaluuuanefeg e mmngdwuneundngiungniatedens liaunsoleuse

MEAITNITINUNALA
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aAY &

(2) m3aiia lngld Software Wunsafndoyailigsenniownaila Hardware

]

= v v

waglavinlvgunsainerundngrudeniy atuisardnfsdayavosnerunangiulusgau

Y

File System laglunisaindeyatiudedriinis Root LATadunay InUuIvinsaindeya
n15l9a1ueIg AFPhysical Technique #1uM9 Ubuntu Workstation figniiaiuilag viaForensics
Feseafumsanadeyanisidnuaingunsalieunseeaynuszim

2.2.6 Data Analysis

dievinsainteyanisdnuaIInNNeIunang LG TunausalUABNITIATIEY

¥ 1

Toyawantiy delagtullegrainviaigisnis Iuediuinguszasduardeyaiifnenisnsivfigau

nilslumetianfivsednsam Fen1snsiateyaaintla Database nafinle

3. mMInsanigatdayanisldeuainlng Database w3a lwd Backup

wAllAN1593NgUlngn1sAstayansideuainlle Database el Backup

'
Y

ntufinlilunbemiudivesdaeies znuindeyanisldnusieg wailavgniaiulusums

(%
0 '

uaneneiuly daegraau Teuanisldau Application TuszuuufuRinisuaunsesniu aznus

£
Y

agaazgﬂﬁ'mﬁuw 2 9 919 Internal Storage W@y External Storage 1aalu External Storage

e

< o

(Memory Card) dayasggnimivasiuniilag Alanideenis luvaznnisiaiudeyaasluy

(%
a g

Internal Storage 9QNAUANGIY Android APIs Lile Application gn@nss deyaszgniiulily

)

Subdirectory ¥84 /data/data/name of package %1 Package name %849 “com.android.browser’
23 Application “Android Browser” 4 23AY) naainulu /data/data/com.android browser [ugiu

o = a o & A v = o oA = v v
ﬂ\‘iuuf\]ﬂllﬂ'lrlllf\ﬂL‘U‘LW]Li']G]EJQVWTUﬂQ@WLLWUQWﬁlgﬁquﬁﬂLiﬁlﬂ@ﬂ@%aﬂqiiﬁﬂqu

wianuule fawanslumisien 2

'
a

a13197 2 Fayansldnuuagdumismiululnsdwiiafoun 8ve LG u LGE LGMS345

diu  dayanisldeu Fumaiiiu (Path)
1 Device Name data\com.android.providers.settings\databases\setting.db.
2 Time Zone data\com.android.providers.calendar\databases\calendar.db
3 Wireless Data\misc\wifi\wpa_supplican.conf
Connection

and password
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a v

a13ei 2 Jayamsldnuwassumisiiululnsdwiindioud 8ve LG Ju LGE LGMS345 (s0)

a1y dayanislderu Auvieditiu (Path)

a4 Bluetooth Data\root\misc\bluedroid\bt_config.old
device name

5 Information on  \data\com.android.providers.calendar\databases\calendar.db

Calendar Event

6 Information for ~ \data\com.lge.clock\databases\alarms.db
alarms

7 Information of \data\com.android.vending\databases\localappstate.db
third-party
application

8 Information \data\com.android.vending\databases\suggestion.db

about what was
searched in the
Google Play
9 Information \data\com.google.android.apps.maps\databases\smm _storage.db
about Google
map activity
10 Information \data\com.android.chrome\app_chrome\default\history
about Google
search engine
11 Information \data\com.android.chrome\app_chrome\default\history
about Google
Chrome
download
12 Instargram \media\O\Pictures\Instagram.

Images
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a13197 2 Feganistdnuuaziunisiiululnsdnindeun 8ve LG Ju LGE LGMS345 (sie)

a1y dayanislderu Auvieditiu (Path)

13 Information \data\com.google.android.talk\databases\babell.db
about
attachments
sent via
Hangouts
14 Information \data\com.skype.raider\files\AccountName\main.db

about messages

in Skype
15 Information on  \data\com.google.android.googlequicksearchbox\databases\ici
the phone ngcorpora.db

contact list

16 Information \data\com.skype.raider\files\AccountName\main.db
about messages
via application
(Skype)

17 Information \data\com.google.android.talk\databases\babel1.db
about messages
via application
(Google
Hangouts)

18 Information \data\com.android.providers.contacts\databases\contacts2.db
about calls

19 Information \data\com.google.android.em\databases\e-mail address
about e-mail
attachments for

g-mail
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a13197 2 Feganistdnuuaziunisniululnsdnindeun 8ve LG Ju LGE LGMS345 (o)

a1y dayanislderu Auvieditiu (Path)

20 Information \data\com.google.android.gm\shared_prefs\Gmail.xml.
about the active
G-Mail account

21 Information \data\com.android.browsenapp_ace\databases\ databases.db
about the

yahoo e-mail

account
22 Information on  data\com.android.browser\app_ace\databases\https m.mg.ma
yahoo e-mail il.yahoo.com O\1.db
23 The account \data\com.android.vending\databases\localappstate.db
that fhetrdeyaiildusinglumsisi 3
downloaded

the applications
onto device
24 Information \userdata\media\0\WhatsApp\Databases\msgstore.db.crypt12.db
about messages  1aziBAUTINgFIA M 1
via application
(WhatsApp)
25 Information \data\data\jp.naver.line.android\databases\naver.line.db
about messages i?ﬂazLaaﬂUiﬁﬂgﬁdﬂ?Wﬁ 2
via application

(Line)

Tuuepfdndudemndeyagldeu (User Account) 1911113 Download Application #1199

(%
= ¥ =

Wedindsaslugunsaldearsinfoud Feteyallanuisallenglalaen1sAunIaIndeves

Application 1§40 %Q%Z‘Ui’mﬂ e-mail address #1%1115 Download Application 11 ¢

I v =
INYRLLBYANINITINN 3
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M19197 3 Uoya Account name #lElun1s Download Application aslulAzesgunsaiiadoud

package name title account
com.skype.raider Skype-free IM & video calls e-mail address
com.facebook.orca Messenger e-mail address
com.instagram.android Instagram e-mail address
Com.android.chrome Chrome Browser-Google e-mail address

Uagtutoyansldeu Application dnsunishinsedoansuavaunuiiigg duludoya

=b.

d1fyegrauinsenisnsiafigad awsalfilundngiulunisszunisnsyyiianuinves

o

Weartedluadld wiluurasinisanadeyanisldaumegeniwisianisdn Aluaunsoann

ey

foyansldar Application 1 Idegunsuiau Fsuduseadungdeyaanld Database 1y
nnsainteyan1stdaunlsganduls XRY wuilnasAngs Application WhatsApp watlainy
Uszianisldan wianunsaiengdeyanisldsulsanlald Database fsuansluninil 5 uag
imaz@‘ams{’fauuamﬂ{fﬂ’lu Application Line kag Facebook Messenger 31nlia Database

FININT 6 - NN 9 MUAIRY (AU URAINGANERS, 2560)

) SQlite viewer ] X
v =
Tools VBAINUNFUNUN
= -
E =
media_refs id keyremote_jid keyfrom_me keyid status needspush data
media_streaming_sidecar 1|1 0 -1 -1 0
i message:thumbnails:___J 2 [status@broadcast 0 PSAS1487100001 0 0
i 1
3 [stat oadcast 0 PSAS1487100002 0 0
messages:fts 4 [status@broadcast 0 PSAS1487100003 ) 0
messages_fts_content 5 [status@broadcast 0 PSAS1487100004 0 0
messages_fts_segdir 6 [status@broadcast 0 PSAS1487100005 0 0
messages_fts_segments 7 |status@broaqiilt 0 PSAS1487100006 0 0
messages_links
8 15717581434 whatsapp.net| 1 AOB6F9810F1CT7680DAB2655101C791 |6 0
messages_guotes
it 9 [15717581434 [ whatsapp.net| 1 BEO27827F4623897F5CFE18CBOFRC6 (13 0 Hey,let's go watch afovie tonight?
messages_vcards_jids 10[ 15717581434 whatsapp.net |0 EDA4977040AC5CDADDECSEBGEDOAT 140 0 Regal in Sterling is pYeying The Lion King
props 1115717581434 whatsapp.net | 1 0B328F18C23F70C762E86AEF20F131  [13 [0 Okay, sounds good. | get off work at 5
receTps 12{ 15717581434 whatsapp.net |0 08C91F9200F0621E1531136EC65939 [0 0 Cool, Let's watch the 7PM show
sqlite_sequence
s?atus-hsc: 13[15717581434fwhatsapp.net [ 1 0DF0283064D1AF9AD43E177E70D00E (13 [0 Hey bud, | won't be able to make it to the movie tonight

Al 5 %’auﬂamﬂ%’mu Application WhatsApp finululug Database

il 5 aznudeyansldnundulszlonisend dell sreazidoadaninuiaunn

¥

H1UN Application (5%) SIACTUNANYIINTAUNUILALILNELEY 1D YDIFAUNUINEY
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@ sQLite viewer = B3

Tools

=] Line ID User Name

android_metadata [ mia contactid contactkey name statusmsg

chat 54337241 1eedd21b5fs sup lovepoppy sup lovepoppy Miss you poppy
chat_history uf0deach381clcdcds97d A R

N R L256317467de7131973)) = = 0 Dotdouriu wiverdsd 0

chat_notification

g U9f5233062d3¢ #4261 Sim womsteaia
email 12250¢ Chanapon BOY Chanapon e atuon WO Q'
esk_history UB413d7c6et5eab1 7681 Furdter i v RonA Ted 000k handO00ok handDOL
geaup-home: 0e340f0d1d677cacd5c0¢] yo chiei Yo chiei

roups
PO UcOfe0cd6731844868102 Jnn s dous S deu s
membership
A p— U920666905d755363d3 New Wang Utt New Wang Utt vty
my_theme 1420973 1a1fac8dbeaast SM_KP SM_KP Never mild
permanent tasks 1fcB7e6c05a77572a561 Hunm Ohw Funm Olw
produce Uf859297c51613a1cazc5h R mp— uwnamatn aeed [T T ——————
settin

o UB608519001104954989 Chefo CheRo
sns_friends
G e Ubedc39cfbicdb8a83073 Audy Audy
sticker U3b22€771401c2730M1 Bank Wung Bank Wung [T X —
sticker_package Ubs44102586333077126
sticon_packages U9069c22¢32aacb4e90c piya piya Tucm
sticons
Uedb5aa764b2e6a16be! man man

version
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14579d4d6348219bca5 @ wao ne waD Quwualiu Q)
0e28003578416455€25 i on' petsundun @ von' neznfus 7 von' Cr' nessvndus
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AR W

i 6 ToyaUnyrAnseainn1slda Application Line finululad Database

@ sQLite viewer

e Line ID YBANUNAUNUN
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android_metadata chatid chatname ownermid lastfrom_myd lastmessage
chat ‘ <169f1d82faa339¢3ac33) 6aecbb ue15538a: 384) B auidiss nE Auadininod
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esk_history u6TcdcOBed2c7416fb5d [ c84354 Ub16b85baScaTbi 29221af6f754

arowp_home u794edb2c5d674bd160° faed2ad w2 Wegnau derudodilismunddhinuedvisoumsduiudoudisuoniiourdme
rgrr:::sersmp u894a3a7193320881d07 [222649ab :405222649b | dudatsld 1.L'.\'\u1r§d\.dul.“ wisedodudatinienuns 18ud 7-11 dulnEdduaviudl

e s Bt udBeTccd668<0828¢a45 [ 733765 Ub16685basca7b 292266774

mytheme 4d9c443006cba28512! 3752000, Ub16b85baScaTo! 2922faf667F4|

permanent tasks Ucfcccd2a80083141052 621062 UcOicec92a800831 10ac62106a | [neiinaevitadnino@elons] ndusduuomeimimmnins! wdubamindimdnind:
Reoduct uad46020a1cc396c0704 [ C065629¢ Uad460a%a1cc39 404c065629f | oytmiasqlimimion: minsafdaidaginivin?

::':‘:r i" - 322ed46643d4148acbij 62462212 3226446643041 BeBc624! [400wvs /i S /Avann S| aRSinemimwme nmaTeono i, dandsus
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Abstract

The objectives of this research were to study the process of investigation and
collection of environmental forensic evidence and to explore the differences in its
practical methods by eathering evidence from three types of pollution, namely water
pollution, air pollution, and pollution from industrial waste. Twelve cases were divided
into three categories (4 cases/category). The judgments of the court were retrieved and
analyzed by using technique of evidence investigation and collection. The analysis also
raised and priorities the related issues resulting from the study.

The results of this research indicated that for three types of pollution cases (12
cases), environmental forensic investigation approaches were implemented to identify the
causes of pollution and the offender’s motives, leading to the accurate identification of
the offender. Especially, although the principles of post-incident investigation were
identified to obtain crucial evidence, the issue of scene protection was unclear and
incomprehensive in relation to crime scene preservation. The methods of investigation in
each type of pollution cases also varied, depending on the areas and sources of pollution.
In terms of evidence collection, there were different issues for consideration, Including the
equipment for sample collection, containers, sample preservation, storage period, and
sample analysis methods all of which varied depending on the type of pollution.

Keywords: Investigation, Evidence Collection, Environmental Forensics
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Abstract

This research aims to study the morphology, optical properties and specifically
compare these characteristics of minerals in soil collected in Thailand. Ten minerals
samples were included in this study.

The results of this study showed that ten soil minerals can be classified and
specified by morphological characteristics including color, transparency, and
crystallinity and be tested by optical properties including refractive index, Becke line,
relief, pleochroism and interference colors. In this study, optical properties were
preliminary obtained by using a polarized light microscope (PLM). Therefore, soil minerals
founded from victims or suspicious offenders can be considered important forensic
evidence. Moreover, these minerals can be used for linking the relationship between a crime
scene and an offender. This technique can also be used for preliminarily investigating an
evidence with reliability. This information can tentatively identify an offender.

Keywords: Mineral, Morphology, Optical properties, Polarized Light Microscope.
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