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(orbitrap) 1lesa1nliAn limit of detection wag limit of detection confirmed 1 fie 1 waz 250 wilunu
dofindansauddiu drunsnsadringussaminiuareslunssmngluBsaanmwuindlimanea ua
Trmaauanags Tne %true positive rate 3 sndimesivindy 58.82 wag 52.94 mwdndy 8¢ o1audluldlag

YFuildgugnsansavaneininesailsd (paper spray solvent) fianunsaaiauniatinaiiueanaindiogis

v
o

PRkazemsiunssinzlaanind

[

ANEARY: LLWES ALUSE wld A UALALLAS 8aTwNIW wWnLaANTY Uaany Unf a1mnshunseig

v

o oo . NsATIvINMIvendedaiisuede
UM 15 atuf 1 Yssdniow UnAL-mwigu 2564 atudneenanduasmalulad



Abstract

Forensic toxicology laboratories typically use a two-step process to detect methamphetamine in
specimen, the first step is screening such as Immunoassays method. Positive identifications during
the initial amphetamines screening step are confirmed by Liquid Chromatography Mass Spectrometry
--LC-MS/MS method that is the most widely used method for drug confirmation and quantitation due
to its excellent sensitivity and selectivity but take a lot of time to analysis per sample. Paper Spray
Mass Spectrometry (orbitrap)--PS-MS (orbitrap) is a novel method for identify drugs and substances.
The aim of this study was to study the possibility of detecting methamphetamines from urine, bile
and gastric contents (non-extract) using PS-MS (orbitrap) method, as a guideline for the selection
of the appropriate method for identification and determination of methamphetamine. The results
indicated that urine specimens are suitable for qualitative and quantitative tests due to low limit
of detection and limit of detection confirmed, 1 and 250 nanograms per milliliter, respectively. This
qualitative methamphetamine test in bile and gastric content samples is not suitable and has a high
false negative, percent true positive rate with 3 passed parameters equal to 58.82 and 52.94, respectively.
This could be solved by searching for a paper spray solvent formula that can better extract

methamphetamine from the sample.

Keywords: paper spray mass spectrometry, orbitrap, methamphetamine, urine, bile, gastric contents
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v 2w 1 2 4 a
nlianunsaiuimegndenrselaanslulunuuas
AN NTLEaNEsaN13ATIINELIeRIN AN g U
YSinaudiiin visensalgidetinfignadsntugnsidedin
I1INNITANUANSITUYIANIULIATY 148 AUUTEUIA
NOMIEIBRTNIAINDIY (Office of the Council
of State, 1934) enawiusagruaaansetaanille
1 Y a aa = A 1 =3 A ¥ =l
wu LdeTIndsdenunauliaunsaiuifenta ve

o 1 = a 1 G d’l’ o
feg1dandsaninainnisiin vseUulauauiinty

nsrafigaulale vsedegralaaneniifonusUueg
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& fo s (Bévalot, Cartiser, Bottinelli, Guitton
& Fanton, 2016) thtfuvesnailusisnie (body
fluid) fiadr9andu funumieadestunisdeslui
Tnsazauaglugeirfuazgnudsoaniidldidndou
@Iaﬁﬁ’u (Duodenum) thifidnwasunilady flifa
Awdeadlen (yellow-greenish pigment) 1Judu
Uszneu §iAn pH usadniies (Rhoades & Tanner,
1995) iguaiindidutatagfuanzanlunisdian
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AsIANALNY A (1) aunsaiiusiegsladne Quen
HiAeTn) lnelfifudnenssuenlnggneenaingsthi
Tagmss thlugaiAiuTmaunifisswoyszana
50 fadans Fufivmefiaviluiasisd (2) awisa
UU1R5I98 AL ULNUBLaRA LA AR T UV D
wnuenlnniiy vsesiinsasantatanuduiug
AuAtAudutuluiden (Bierly & Labay, 2018;
Ferner & Aronson, 2018) (3) LA uTava
ogfluiAfiuTinugeuwazasegluthildum fesan
wnweuadiuwazaisiunuelan Lﬁa@m%un’hé’u
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Spectrometry--LC-MS) w3ensd@iifnsiaiaiiu
UALANLIAADIATINZITENIT LC-MS/MS 11591929
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Mass Spectrometry-—-PS-MS) ifuAsnilsfianansaldlu
msfigatiendnualasliegasings lngdeszians
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nsAnuilfifnguszasdiitednuaidy
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Liu et al. (2010) ¥n1s@nwi3es nsiau
onanwaluan1sUseendly Paper spray lonization
Tngvnaoslénszny Whatman 6 sfiafifivuingngu
waziilonszausnety nedeuuelssuuazlaay
finay (spiked) Twdenta (bovine whole blood)
Imalﬁ’fﬁwmzjm Methanol/water (1:1, v/v) @15y
NNTALATILAUUU positive mode 14 voltage 4.5 kV
wag -3 kV d1mr5un1sIATIEAL UL negative mode.
nan1sAnwaguledn nsea1wuL glass fiber paper
T iuzauiun1snsIan g Paper spray-MS Lag
WU walla PS-MS anunsansiaglsdunazlaiaula

Espy et al. (2014) vhnmsanwnsidinme saUsd
waawalaswesidundesledmiunsiingeiing
i 8 wiialundafenniogadon Taquamin i
8 lauA Lounaiiu (Amphetamine) luniosnaiiu
(Methamphetamine) latAu (Cocaine) y1Law
(3,4-methylenedioxyamphetamine--MDA) Bndand
(3,4-methylenedioxy-N-methyl amphetamine-MDMA),
19 (3,4-methylene-dioxy-N-ethylamphetamine-
-MDEA), ua3#u (Morphine) taziaan 9-1nnselalns-
uauuIUBEAANAYYI (A9-tetrahydrocannabinol--
THC) Taan15¥in spiked blood m1335v84 Espy RD
Ao w3uu working drug solutions AuAE UL
Aoan1sal spiked Tudealusnstaiu 1:20 (10 L
into 190 L blood) waztlu 3,000 seusieudt 1u
181 15 3unfl manisAnwanuin wn3es Paper spray-
MS @nunsansiadnsie 8 winildainsegiuden
iiga 10 lulasansil spiked ansumsgiuingania
4 8 adlu aelunanifies 2 wift dnidenguilaguds
AWnsnTransnesaUse wuaaUala s lginan
Uesunlun153tAT1z9 (rapid and high-throughput
assays) defianudululdmndesnisiluldnsrauuy
on-site multi-compound quantitative screening

of illicit drugs

Manicke and Belford (2015) ¥hns@inwnides
SN TALUSE LuaaUalasATWUU High-Field
Asymmetric Waveform lon Mobility Spectrometry--
FAIMS Tunisuenlely-luesvedletiond 3 vda Ae
1959 (Morphine), lalasuasinu (Hydromorphone)
warueslandu (Norcodeine) nan1sAnwasulaan
winesallsy wuaaUalasunIanunsaliiiasiv
1Aa39

Zhang, Ju, Huang and Wysocki (2014) finwn
Feq Paper Spray lonization of Noncovalent Protein
Complexes ltpazuinmnesaiusd uuaaualnsiuss
ansaldnsiaglulnaduensziues (Hemoglobin
Tetramer) Fa9u nonconvalent protein complexes
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Yang et al. (2012) ¥1n15@nw1n1514 Paper
spray ionization devices Tu31u biomedical analysis
NANIIANBINUIT NITNYAFIDYIAIUUNTZATYAT
ilvauna auu1ns wazUalensza1wdaunauds
o Y & v
ilmAudseqlauin

McKenna, Jett, Shanks and Manicke (2018)
Mn1sAne1nsla PS-MS (orbitrap) Tunisnaaeunis
A3 UBTANTIENARINLEDA 130 via Tnadinad
fmuAAT Limit of Detection —-LOD fi® A1ANILTY
YosEFAABINTNAGRUANEATIATES PS-MS (orbitrap)
A11307529NU 1A8NAITUIINAIANNTNTUYDIAS
NAFRUTInTIINY Chronogram au‘uuiai (Parameter .
Chronogram Mass error: NMT +5 ppm) duLnau
fAuARI Limit of Detection Confirmed--LODc &4
\Huenududuvesasmaaeudiigaiiaios PS-MS
(orbitrap) a@wsaasialuseuiudulainflansdu
¢339 lnefansananinasiaududuiingrany
Chronogram @uysal UagATIINUNIIINDT0ES
Tnogrmileioluiifindn 1 wisdwed Ieur a9
WU Fragment ions (Parameter Il. fragment ions
matching mass error: NMT +5 ppm, minimum of
fragments needed: > 2) ¥#3 7FIINU Isotopic pattern
(Parameter lll. isotopic pattern comparison mass

error: NMT +5 ppm, matching score: > 80%)

5aldun15398

\Audhegelaans 1hil wavemnslunssiwne
finsranuimusaaniiuangidedinluried 2562
(11.0.-5.0.) AiunsasIefigaviidanunineaeds LC-
MS/MS Lags1e9uNanfissusaaudl eg1etesviinay
16 A19879 1AgAUIIUINFIBENEINSTUNTIATIENR
WisuiluanadedeUsuudieadn paired t test
(Rosner, 1995) lawunmsiagnayiniu 16 Aa0e14 lag
Tneudt o type | error=0.05 B type Il error=0.50
Effect size=0.50 s(A)=1.010 rwithin=0.950 lagdu
F9819UUUIY (simple random sampling) tnauai

Anoan (exclusion criteria) Av USuNausng19Niitey

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

n11 10 Nadans %QﬂﬁmaaﬂLﬁaammi‘]uﬂ%mm%u
iieafulidundngiudrsesdniunisinseilu
au1An iN1sANY o e JURn1snguauiyIne)
anulianyiven Tsane1u1ad1979 UuAneaa
AN NLAZ/MIDUSHIUMETT PS-MS (orbitrap)
Tagldia3os PS §u Prosolia Velox 360 uay MS §u
Orbitrap Q Exactive Focus HARA YUY Thermo
Fisher Scientific CA USA w3guiileuiuids LC-MS/
MS Tagld LC 3 Ultimate3000 kag MS/MS 1 TSQ
Quantiva KanA V01 Thermo Fisher Scientific CA
USA. Tnefndemadaiafin Hypersil Gold PFP 1.9
um 2.1x100 mm #agaumgimadaudl 55 °C Injection
volume=20 pL Runtime 11 U1

MN15An®1 LOD wag LODc 91nansazans
WnsgIunieNmaduly blank urine 53 14 A1
Wudy Ao 1 5 10 25, 50 100 250 500 750 1000
1250 1500 1750 wae 2000 urlunsusediadans (un./
1a.) lnemuuali Sample volume=10 pL A1RUAAN
Methamphetamine Precursor m/z=150.15 Targeted
m/z=91.11 Confirming m/z=119.11 fvuaaA1 Full
MS Resolution (FWHM)=70,000 Scan range=50 to
500 m/z NAFRURRAMN WAL USINARBINLEATY
Tushegelaansuasnnaeudenmalusaegieii
Waze1MTluNTELINNY

NAN1SIAY
1. ANSAN®I LOD LODC

1.1 #an15ANEIANNY UTUANAAYD S
wnkauwmiulutaaznaiuisansiranulanlgis
PS-MS (orbitrap) #30A1 LOD #1135989 McKenna et al.,

2018 A9 MSIINUNISITLMDSN 1 WINAU 1 Un./ua.

1.2 wansfnwAeududumgaiiansnsa
guduinnuniesadulutaaizaieid PS-MS
(orbitrap) #39A1 LODc ANu35999 McKenna et al.,,
2018 o Tagasranumsfiwesi 1 uay 2 wieo 1
LAy 3 WU A1 LODC 11U 250 un./ua.




1.3 nansfnwAeududumanianuse
gufu (Wuan) Inuwniesindiuludaszaiey
35 PS-MS (orbitrap) %ﬂﬁ%ﬁ&lﬁ%a’i’l LODexactly
confirmed; LODexact ¢ 1A8ATIINUNITITLADTATU
W 3 wisafimed Wiy 500 un./ua.

2. HANISANYITIUSUIUAI LT LT ULUN-
wosniuludaane lne3s PS-MS (orbitrap) 1U3eu
WiguAuds LC-MS/MS (m1519 1)

HANSLUS I UA—UAN LN UL LN AN Y
Tutlaanzsteansds Ineldadn paired t test uansly
A58 1 wud1 Anududuamuenmanduadedie
298838 PS-MS (orbitrap) fiAngsniniinsiany
P875 LC-MS/MS ag9iitudAgynieana

3. namsANYIBIAUAIN Tun1InTIAUN-

f1319 1

wauNaiuaNnNUaady Ufkare1mshunsenig
1n835 PS-MS (orbitrap) (11574 2)

mamiﬁmgnL%ﬂ@mmmﬁ'awmammamw-
wouleiuludringfidullaanny 21 foege ¥a
17 feg1s wazemslunszimig 17 faegs dady
Fregefilaiiunszuaunsatau

now lnufieg 1 ma1lNIUNTNTIANEAUT

AMANAIETE LC-MS/MS Wi dmsaanulamiesinanily

[

WAEIILIUHAARTEUTDELED NUIRIREN19T1TNg
UsznniaanizlmingAun1nsianae PS-MS (orbitrap)
snften dudringfidudfskegndedussduiuiu
58.82-82.35% Wwagemistunszimzliinanageugn
AodluseAududy 52.94-76.47%

AIULHNG NYDIA URALA IIUIUTWunanmTululaaiy 71U 21 Fregrdanagaunisinn1835

PS-MS (orbitrap) 1UTguLigunvas LC-MS/MS

ad

g5 U Auade  Andesuy ATLANA95I8A t P-value
(n) un/ua)  wmsgI L g ol
UINTFIU
PS-MS 21 30517.60  23571.09
(orbitrap) 1768539 1636359  4.953 000
LC-MS/MS 21 12832.22 7844.23

Pearson Correlation (r*)=0.994, p=.000

1319 2

o

ToyananIsnTINTIAUNIN (o Tuluga

908)

9

iR fwau wansan  wandweiinsanulaedFnsa % true positive rate
(n) A28 PS-MS (orbitrap)
LE-MS/MS 1 1,2 o0r 1,3 1,2,3 1,2 o0r 1,3 1, 2,3
or 1,2,3
Jaane 21 ATIAINU - - 21 - 100.00
i 17 ATITNY 3 i 10 82.35 58.82
91M15 LU 17 ATIANY 4 4 9 76.47 52.94
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n1saAUsSIENA

= a

PMnuadnwImaun 1 auhlunisnsiawum
woutediuaInUaazaneis PS-MS (orbitrap) wu
77 19A1 LOD winffu 1 un./ua. Fadumfifnnuin we
o [ U Ao | = U 4 | % %
Fuduszaundelaausadudula wazarnnuudu
Aanfauisadnlaluseaududy (LODC) muigves
McKenna et al., 2018 10U 250 Un./48. d@IuA"
LODexact_c Ly 500 un./ua. agtiulaiian LODc
ez LODexact_c duduaisnninnas cut-off a1
aa & v a | &
Fnsenadssiuumneuwaiulusenieuysdy
namunei ualin 1,000 un./ua lutlaands (Cabinet
and Royal Gazette Publishing Office, 2017) fl91iu
38 PS-MS (orbitrap) daubigsluszduianunsai
1R529 screening tunuasaduludaanigly

v A W

seaududule

deSeuifisudausunamuiianududy
nueaaiiuing1alneds PS-MS (orbitrap) g
19138 LC-MS/MS agheflfaddey (msns 1) nsdiil
21983U181#1n13952967835 PS-MS (orbitrap) &4
Lifdnsessunazadindiedny ualdUsz@nsninees
paper spray solvent Tun1svranseenannszaedl
vailaanizasly uansin paper spray solvent gasiild
Tunsinwiae 403 Acetonitrile: water: 10 M Acetic
acid 8051@7U 90:10:0.01 @uNsaBELUNLONLNAITY
99NN paper cartridge LaA nIotnauAU 35013
ANALUNLBUINAITUABUNITIATIZHAAIY LC-MS/MS
lvigeyde yield 0uunuamiimn-Huannseuiunis
annluIeinl yield samvoaunuaunaIdiuanas

HaN1305ITIAUNINTUAIRE19T 3TN AT e
ANIUNITATIVIATIEITIAUNINAETS LC-MS/MS
UIMATINULNLBINAITY (11519 2) WUl B3Tmg
Mdulaaglian true positive rate Wiy 100%

DA & o o A = o
wanslmiuindaanzilud-ingimunzaunaziian
MTI993875 PS-MS (orbitrap) Tuidanmunn

AIUNANTINUNULDILNATUTIAUAINIIN

Fringuszianinfuazonsiunsemignudn loali
71 true positive rate A375909 McKenna et al., 2018

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

Wiy 82.35% Wag 76.47% Amddu Tefiansanuin
aglunaireutnege wilviussleviosdmniunis
anadsnnunmlussiududumneilodmnunduay
lermaauai (false negative) 91nN15MTI1AAIDEN
1AW 17.65% wagkaauasannsngIaiaesng
215 IUNIENIINAY 23.53%

waviiloldinasiiduan Tnodoinsianuis
aunn515imed WU A1 true positive rate Lions39
Fregraihuazemslunsuimnzanauviniu 58.82%
wag 52.94% aua1su wisklananaulaann1snsia
wnwemaniiuluiieg1salinaavalavinfu
41.18 % wazn13nsI3luiegeemsiunszinglin

NAAUAINYINAU 47.06% wandliiuintanuulilade

'
=

langNazhuingaanay PS-MS (orbitrap)

SO Ay «:4' o W
winTnAllmngaunzdnsalagllania
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Y S ada =
PNFnwaEnINMennvesaniiiduveavamviags
wazildndiuvasluiugs WeapiouRinuunsyaunsos
299 paper cartridge a1 @15a¥aNy paper spray
solvent gzlunuoumniueananiuiiinsyaule
A o v A v A g N A
gindlaiiguiudringiluldaanizvseden uuimna
= o o I 5
uily Ao AITARIUSULUABUERSUNYN paper spray
Y
v v & o 5 aday o
solvent Wiwsnzauiudiingussinmihdnidludugs
TnsUsuindiiazatenlddvrludnsdiunganin
= = &
gasnldlunisfinuil

annnfiomslunseimnglslimungauiiogi
N1n53laellaina878 PS-MS (orbitrap) Tunns
Anwilanunsaesuigldinfnananuvainvatees
o (matrix) emslunsznslunsasiedie 3adl
AnansAMINsamuAna1aiy vinldendiazmngns
paper spray solvent fumzay fadumndesns
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