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Spec New Psychoactive Substances (NPS)

NUMBER AND CATEGORIES OF NEW PSYCHOACTIVE SUBSTANCES REPORTED TO THE EU EARLY WARNING SYSTEM
FOR THE FIRST TIME, 2008-19
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Spec Mass Analyzer : Orbitrap™ Technology

Anal. Chem. 2000, 72, 1156—1162

Electrostatic Axially Harmonic Orbital Trapping:
A High-Performance Technique of Mass Analysis

Alexander Makarov*

HD Technologies Ltd., Atlas House, Simonsway, Manchester, M22 5PP, U.K.

This work describes a new type of mass analyzer which
employs trapping in an electrostatic field. The potential
distribution of the field can be represented as a combina-
tion of quadrupole and logarithmic potentials. In the
absence of any magnetic or rf fields, ion stability is
achieved only due to ions orbiting around an axial
electrode. Orbiting ions also perform harmonic oscilla-
tions along the electrode with frequency proportional to
(m/z)" V2. These oscillations are detected using image
current detection and are transformed into mass spectra
using fast FT, similarly to FT ICR. Practical aspects of the
trap design are presented. High-mass resolution up to

Figure 1. Equipotentials of the quadro-logarithmic field and an

150 000 for ions produced by laser ablation has been example of a stable fon rajectory
demonsirated, along with high-energy acceptance and
wide mass range.



Spec  Mass Analyzer : Orbitrap™ Technology

Image Current Frequency Domain Mass Spectrum

Fourier

Transform

Amplitude
amplitude

‘ | | ‘ ‘ I
frequency m/z
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Spec  Mass Resolution

® Ability of a mass spectrometer to distinguish between ions of nearly equal m/z ratios. *

R=—— Am (FWHM)

m - measured mass

Am - peak width measured at 50% peak intensity (Full Width Half Maximum)

C = 12.0000
H= 1.0078 ¢]¢) = 27.9949
N = 14.0031 N, = 28.0061
O = 15.9949 C,H, = 28.0313
S = 31.9721

u It is possible to have combinations of atoms which have the same nominal mass but different accurate mass
B Nominal mass measurements cannot distinguish these compounds

u These elemental combinations have the same nominal mass but different accurate mass

- If such compounds can be mass measured with sufficient accuracy it is possible to determine elemental composition
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0.007

786

788 790 792 794



Sci

Spec Mass Accuracy

® Mass Accuracy is the precision of which the mass is measured by MS.

® Typical way of reporting mass error in ppm (relative measure).

® |ncreases confidence in identification.

Mass error = { Measured - Theoretical \ x 10° = ppm
Theoretical

[M+H]" = 315.23148

+ 200 ppm 265
+ 100 ppm 133
+ 30 ppm 39
+ 10 ppm 14
+ 5 ppm 5
+ 3 ppm 4

+ 1 ppm 1

100

90 A

80 A

TR

60 o

50 o

40 A

30 A

20

10 A

error = (
315.23148 (-1.20 ppm)

Good

1 315.27095 (+124 ppm)

315.23:18:}5 error = (3

315.23148 - 315.23186) x 10°

315.23186

Not so good

15.27095 - 315.23186) x 10°
315.23186

315

316 317

318 319
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Spec

Mass Resolution & Accuracy

Measured Mass Mass Error (Da) Possible Formula Exact Mass
O, 31.9898
CH,OH 32.0261
SYAY 1) 2
N,H, 32.0374
S 31.9721
CH,OH 32.0261
32.02 + 0.02
\;\I/ﬂ%/ 32.0374
32.0257 + 0.002 g CH3OH % 32.0261

L\/\/\/\‘

Main advantage: the possibility to determine the elemental composition of individual

molecular or fragment ions, a powerful tool for the structural elucidation or confirmation.

C =12.0000
O = 15.9949
S = 31.9721
H= 1.0078
N = 14.0031




Spec Mass Resolution & Accuracy

» Isobaric compounds separation

= 5,000 Resolution 100 179.0575
, - R=72040
== —500,000 Resolution _|
€  -Db-glucose
=2 950 179.0561
2 7 R=537700
= o ||
179.0561 or 179.05757 = A ||
R i P 0 T T 1 T T T T T
D-Glucose or Paraxanthine” L -
m/z
1004 167.0210 215.0328
o 8
== 172.991 187.0071 210.8424
£ = 0.0666 203.020 | |
=T O I|l = ||' .|.I ' - 1 — lllln. |I .
160 170 180 190 200 210 220
m/z
i
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Spec Mass Resolution & Accuracy

 Fine Isotopic Pattern

L-Methionine (C,H,,NO_S) [M+H]*

11

Observed AO

100
150.0584 |
100 R=627006 80
oo3 |0.7ppm ]
s 60
g 703 -
604 —
503 9 40—
% 403 A1 o) -
B 0] A2 E 20—
203 ]
3 1518518 152.0542 ]
‘I[l—E rR=d421%02 R=601802 0 L L s e s L
R 1 S KM 151.05 151.06
1500 150.5 151.0 152.0
S. I t d m!z\m\ m/z
CEH11NO2S +H: C5E H12 M1 O2 51 p(gss, s/p:40) Chrg 1... C5H11NO2S +H: C5 H12 N1 O2 S1 p(gss, S,"p140) Chrg 1.
e R-4g0E5n 1510617
o 0.0ppm 100 o CHgOZNS
20 R=500,000 =
70 -
i 60 151.0625
el ] 151.0577 C<H;,0'70NS
2 20 S 40 CeHi0:NS /] ®
g 30 g ] 151.0554 | 10040
20 o’ 20 CsHy20,'5NS | CsH;2HO;NS
151.0517 152.0541 — ‘ *
10 R=499368 R=400442 . ‘-’/\ [\ |
] | on o P o o o e e ]_J_ TR R i R i L s l L — 0 T T T T T T T T T T T T T T T T - T T T T 1
150.0 150.5 151.0 ; 15158 152.0 151.050 151.055 151.060 151.065
m/z

m/z
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§,§'c Clinical Sample Preparation

1. 100 pL urine sample was mixed with 500 pL acetonitrile in the 1.5 ml tube

}

2. Centrifuged for 5 min

= l

4. Reconstituted in 50 yL of a mixture consisting of 2 mM aqueous

ammonium formate plus 0.1% formic acid (pH 3)

-
s Ea B
ey

F ; 5. Finally, 10 L was injected onto
' the UHPLC - Orbitrap MS

VT TV BRNRRFERERBRRR AR RS0

~—.
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sspglc Tox Explorer™ Collection HRAM MS/MS Database

Tox Explorer™ Collection compound database in TraceFinder software containing all analyte information

Compound Database - Tox Explorer

Tree View Pane

- Q=

Peak View Pane

~Q x

Compound Mame o Compound Associated Chernical Retention Time =
e Nace Peak Label Peak Workflow Target Peak Foridla Precursor m/z Product mfz mfz {min) =
[ Expand All Collapse Al ]
E T = 411 1 i-)-Ketamine Ti: 238.09932 TargetPeak = *  C13IH16CIHNG 23809932 0.000 23809932 377
¢ [ Fenobucarb# 2 ()-Ketamine TiF1: 238.00932->125.01541  Fragment = T1:238.09932 *  C13H16CINGC 23809932 12501541 125.01541 g7
PRI 3 (-)-Ketamine TIFZ: 23809932->179.06221 Fragment * T1:23809932 = C13HI6CINO 238.09932 179.06221 179.06221 77
_| Fenoproten caldum
| Fenoprop 4 (-)-Ketamine TLF3: 238.09932->207.05737  Fragment ¥ TI. 23809932 *  C13HIGCING 23809932 20705737 20705737 3.7
I [T Fenoteral .
— f:;;xa:?m 5 (-)-Ketamine T1F4: 238.09932-> 22008827 Fragment * T1:23809932 ¢ C13HIGCING 23809932 22008827 22008827 377
] Fenson 6 [-)-Ketamine T1F5: 238:09932->163.03102  Fragment = TI1:238.09932 *  C13H16CIHO 23809932 163.03102 16303102 377
:_:g':lde 7 (3-9)Methylene diowy Ti: 27615942 TargetPeak - *  C16H21NO3 276.15042 0.000 276.15942 435
1 L)
| Fentrazamide 8  (I-4Methylene cioxy TIFL: 276.15942->12612778  Fragment * T1: 27615942 *  C16HZINO3 276.15942 126.12778 126.12778 435
= :E“'”;m“;‘ 9 (3-4)Methylene dioxy TIFZ 276.15947->135.04404  Fragment * TL27615942 ~  CIGHZINO3 776.15942 135.04404 135.04404 435
.| Fexolenacding
7 Finasteride 10 (3-d)Methylene dioxy T1F3: 276.15942->175.07532  Fragment = TI1: 276.15942 *  C16H21INO3Z 276.15942 17507532 175.07532 435
- ::m‘c""‘"b ctind 11 (3-g)Methylene dioxy TLF4: 276.15942->205.08583  Fragment ~ T1:27615942 ~ C16H2INO3 276.15942 20508583 20508583 435
| Hamprop=-m
1 Flecainide |_ 12 (3-4)Mathylene dioxy TIFS: 276.15942->149.02124  Fragment ¥ TI:276.15942 ¥ CleH2INOZ 276.15942 149.02324 149.02324 4.35
| ::ephedulo:e 13 1-(2-Methoxyphenyl) T1: 193.13354 TargetPeak - = Cl1HI1GNZOD 1354 0.000 193.13354 315
ol eroxacin’
B Honiesmid 14 1-(2-Methoxyphenyl) T1F1:193.13354->150.09134  Fragment * T1:19313354 ~ C11H16N20 193.13354 15009134 150.09134 315
e :'::or:e"'im" g 15  1-(2-Methoxyphemyl) T1F2: 193.13354->118.06535 Fragment = T1:193.13354 *  C11H16N20 193.13354 118.06535 11806535 3.15
| Florfenicol-pos
| Busccyoyri 16 1-[2-Methoxyphenyl) TIF3:193.13354-5121.05254  Fragment ~ T1:19313354 ~ C11HIG6N20 193.13354 121.05254 121.05254 315
| Fluazifop 17 1-(2-Methoxypheryl) TIF4: 193.13354->12004452  Fragment ¥ T1:193.13354 ¥  C11H16N2O 192.13354 120004452 12004452 3.15
Fluazinam _ —— -
] Fluazuron o | " ;
Flubendazole B
1 Flucarbazone Compound Details Pane o
| Flucofuron-neg
B Flucofuron-pos Compound Marme | (--Ketamine
| Fluconazoke o ° f
1 Fudiosond Comprehensive spectral library of 1500+
| Audrocortisone
] Flufenacet Chemical Formula | £13H16CINO MNeutral Mass | 237.06204178
| Flufenamic acd
iy compounds for drugs of abuse and NPS
"1 Humazenil
| Flumequine Compound Type | Analyte Internal Standard
| Flumethasane
| Flumetralin Compound Groups
1 Flumetsulam
| Flumichorac-pentyl
" Flumioeazin =
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Targeted Screening - Compound Library Matching

Data review from TraceFinder 5.1 software of targeted screening

ARNTFAFAL 41" da  TLANEAD

Reverse search, passing value >70%

Samples - Compound Results Lot
“i Bat  Flags Statu  Filename F[w Sele Compound Type Height Area RT Actual RT m/z (Delta) Confirm PR P = LS Fl Isetopic Pattern Score (%) MNum Isotopes Lib Match Mame Likrary Score (%)
: = A i Mmoo A Aa - i - Moo s - A Ba - A - - - = = = = = - fia - fa - -
{135 133 e 53 ® 52 [¥] 4CMC Target Compound 271195124 823260594 356  3.57 =3.0623 (pprn) @ ° F] ®° ®» Sof6 3-CMIC 9
|136 138 @ -3 @ 53 [wl  Acetyifentanyl Target Compound 83213416 170072072 504 492 -3.1087 (pprn) @ ? b @ e dofd Acetyifentanyl a5
1137 137 @ 02 # M ¥ Amitriptyline Target Compound 307126350 1042822884 620 6.12 -4.2491 (pprn) Fl L] L] [ ® a8 3of4 Amitriptyfine a5
[138 138 e a3 55 [ Amitripeyline-d3 Intemal Standard 43715713 113278373 620 612 -3.3887 (pprm) » » * 2 Jot4 N/A N/A
i 139 13% e s B ¥ Buprenorphing Terget Compound 93695126 235698872 560 360 -3733% (ppm) L L L ] @ @ 92 Jefld Buprengrphing N
| 140 140 @ cms3 ® 57 Dedtromethorphan Target Compound 467641197 1233553560 535 5.7 -2.6733 (pprn) 3 » @ @ » = def4 Destrometherphan %
[1a1 141 @ 53 ® 5 Destrarphan Target Compound 475827073 1217802841 420 413 27758 (pprn) > a > N s ® Aot Destrorphan o7
| 142 7142 @ 310003 W59 Fertanyl Terget Compound 203062142 B25530505 550 544 -4.1405 (pprm) @ ? F @ a 40f5 Fentanyl 95
;143 143 G MB-12 [ ] Midazolam Target Compound 257276566 708788736 540 534 -3.1828 (pprn) > L ] L] ) @ 24 Bofb Midazolam 9
[ 184 144 @ B2 #® 61 [ MNorcodsine Target Compound 134072530 353508453 300 297 -4.2720 (pprn) ? L Fl @ o def3 Nercodeine 89
[145 145 @ 0ol ® 62 (v MNodentanyl Target Compound 301398333 816377860 400 392 -3.9235 (ppm) ? @ » ® e 9 404 Morfentanyl ]
| 146 146 @ Ca-do2-1 [ ¥ Protriptyline Target Compound 235964 921288 6.0 610 -2.9934 (pprm) ] - [ ] a & a3 2of2 Protriptyline a3
| 147 147 @ 40051 8 ¥ Protipylined3 Intemal Stendard 105738 277791 602  GI7 43475 (ppm) 3 @ 3 75 2of2 N/A N/A
| 148 148 ® 1 B 65 [ Secobarbital Target Compound 680108 2125714 591 3N - 4575 (ppm) Ll L L L] L] 100 2of2 Secobarbital el
;-Cnmpnund Details -1
| Quan Peak ~ - lsatope ~ ¥ X | Fragments > ¥ | X | Library Match ~ -
A e A ot Scan & 483-483 RT: 3.57-3.57 AW 1 Scd Minimum=‘nﬂragmen:s needed: 1 [@ 21: 4-CMC C10H12CING Scors: 93 Rark: 1of 3 Id: 1524
EFTMS £ Full s (70.0000-1000.0000 CRIDNA Rl R e — | 7487 FFTMS * p ESI d Full ms2 198.0574@N¢035.00 [50.0000-220.0000)
RT 357 (@ Multi-lsotopes | | 7+ FTMS * P ESI Fullms {70.0000-1000.0 @ #1: 1450886 £ LI T 4@nca3 | [ #2: Metanephine 50 s
; ————————— d i : e — 180.0569
Ak 883260504 ® 21, 1080620 100 ® £2.1800572 1267 W +3.LD0P 27 Hisnand
AH. 271195124 — ] — 1 80
. (SMINE ® 221990714 80 ® =3:1930679 e g
— 1)
2588 @ 23 200.0651 1 @ =4: 167.0257 ] 2.0E6+ g 60
] 60 E E 181 0601
E W =4 2000742 E @ #5:139,0308 B.0E6 =3 g w ¢ (— 1980674
3 40 3 ] |
E : ] 5 Parameter Criteria
z ¢ ® =6 2020713 E‘ 04 =2 & 203.1387 2 066 0 - ) .
H ] § - 2 = ] . <5 ppm mass deviation for an intensit
E 1566 £ @ 4'1 i f o b il m/z of the parent ion th p;; Id set at 5000 y
E B pnes £ 1267 42 #1524 | resnola set a au
E £ ]
1.0E8-] B 1.067 003 Retention time Within a 30 s window
g L a.0E6] 20 A oL i -
E 6] ] : <10 ppm mass deviation, <20% intensity
5057 St - .. e Isotopic pattern match Lo 5
] . & B E deviation, fit >70%
e 40+ v T =
£ 1 ™ 4.0E6 3 40 : T
= _ - 2030735 ] Fragment ion match At least 2 fragments with <5ppm deviation
1 T 1 T = #2 h -
i 2 0E6 20 ; g
3 4 1| B/ E et and an intensity threshold of 5000 au
RT(min} - / 204.0764 | -
Uz 19,0680 " "o 205 40 80 180 i
RouBE: 357  LART: 346 Right AT = L Spectral mzVault library
i .

L maitching
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SSPEIC Targeted Quantitation - Residue Level Detection

Data review from TraceFinder 5.1 software of quantitation of THC-COOH

. Thermo TraceFinder Clinical LC

(] X

File View Tools Help Real time status | User: Thermo | 9 ¢-

DEEIP @) Sl dvdFE W

Data Review - 20210519 Trial Negative [Quan]

a val L '
¥ Batch View Compounds ~ B | sample Results -
=2} Flags Compound RT #H =z Status Sele Filename Flags Flag Details = Confirm = PK = LS = Library = IP = lsotopic = SampleType = Level = Area = Height = RT = ActualRT = R
Samples A - As the - T M = A - Aa An - Aa - = - = = = - = = - & == M - & - M~ - fa = A
Referance Sample 1 ' THC-COOH-D3 885 (@ 23 2 § MeOH_Neg_04 [ a a N/A N/A Specimen N/A N/A 8.8 N/A
! THC-COOH-neg 885 @ 24 24 . THC_Mixd_Neg_10ppb_02 a L L] ® 9 @ 9% Calibrator 1| 1267223 792442 8.85 8.86 0.
Threshold Samples
B 25 25 ' THC_Mixd_Neg_25ppb_02 - @ ] F) 99 L ] 100 Calibrator 2 3176757 1898656 8.85 8.86 0.
¥ Data Review > ® % % @ THC_Mixd_Neg_50ppb_02 - ? a ® 9 e 100 Calibrator 3 6819423 4030040  8.85 2.6 0.
B 27 . THC_Mix4_Neg_100ppb_02 L] Fl L] @ 99 @ 100 Calibrator 4 13597249 8006039 8.85 286 0
Sample View @ 2 2 @ THC_Mix4_Neg_500ppb_02 - 9 2 ® ® 100 Calibrator 5 83040834 48672333  £.85 886 0.
| Compound View I p y || < - o >
Comparative View Eumpound Details - 7 x|
Quan Peak VI ¥ | X || Library Match ~| v I x { .Isotope i ¥ | X ||| Calibration Curve ~ ~ Ii[ x
Ropors View : —r . || Scan# 37443756 RT: 8.83-8.91 AV: 12 Sc THC-CCOH o
s f 5 -COOH-neg C21H2804 Score: 99 Rank 1 of | Scan# - : = s neg
¥ £1: THC- - ; . RAD- y . ;i -
THC_Mix4_Neg_10ppb 02 THC-COOH-neg miz: 343.1915 [ @ £1: THC-COOH-neg 99 S 978 T 408 @ All Isotopes THC_Mix4_Neg_10ppb_02 ¥ = 1.684e5X - 1 496e6; R*2- 0.9991: Origin- Ignore: W- Equal: Area
¥ lLocal Method — F: FTMS - p ESI d Full ms2 343.1932@hcd . @ Multi-lsotopes F: FTMS ::] ESI Full ms [70.0000-1000.0000] i
o 343.1909
AN 1267223 . 90000000
Acquisition AH: 762442 ) b= 1
100+ : i E 80000000
titati 2 1 @ #2:344.1949 E 345.1556 1
Quantitation g a0l a0 209.2013 . 503 w | 3488958 70000000
g 00 2 60 2 [ .
Compounds £ ] £ i = L £ 50000000
& 40 ® 2 1004~ < 1
QAQC ] 2 a0 g E 40000000
204 2 ¢ 3 1
1 - ] 2453044 = = 30000000
Acquisition 0 20+ 138.9203 4 #2 3462004 3492083 20000000
80 85 9.0 95 ] \ " - I I' i
. \
e i ol L L A L2 sz [sazem | o
| m/z: 343.1915 ~ 200 34;5 350 o
Method Development [ Bpdustint | BBl v | miz miz 0 i 280 abo 100 sho 800

Real ime status




SCi R - -
Spec Reproducible Chromatograms

XIC chromatograms of four mixes of 54 drugs of abuse compounds (mass accuracy 5 ppm)

RT :0.00-12.00 T: FTMS + p ESI d Full ms2 290.1377@hcd35.00 [50.0000-315.0000]
1003 168.1015
953 100 260.1377
- @
902 2 gp- Not averaged
E 2 o MS/MS
85§ 523 105.0337
3 o 40
80 = i 1241123 | 189.1042 291.1408
753 @ 20 820857 a1 213.1993 272.1285
?O E 0 . l Ihl Ll |I I . 1 .
= 50 100 150 200 250 300
65 m/iz
bot 3
£ 603
B 553
2 =
< 504 AT :2.53-2.71 SM: 7G
@ -
= = 2.61
£ 455 Hydromorphone 28
& 403 1907 -2.78 ppm
| @
354 % 507 258 BP: ::223231432
3 2 80 BP: 286.1431
30; § 7
- 2.65
254 " o 40+ 257 BP: 286.1432
E £ BP: 286.1432 )66
20 3 & 204 BP: 286.1432
15 0 | : : | | !
= 2.55 2.60 2.65 2.70
102 | Time (min)
5 &UILL t Ll\
3 \_J
0 I T T | | T | T | T | . T

Time (min)



sspf,,'c Robustness of Method

Robustness of mass accuracy and peak area for over 400 injections for the internal standard, amphetamine-

D5, diazepam-D5 and morphine-D3

Internal Standard Mass Accuracy

5 ppm with %RSD <0.001%

-1.5

1' } —— Diazepam-D5
" —— Amitriptyline-D3
Morphine-D3

Ul |J!’“

-4.5

Internal Standard Peak Area

200000000

%RSD <7%

= Amphetamine-D5
100000000 e igzepam-D5
s\ orphine-D3




SCi < - ‘_
Spec  Key Summary - Tox Explorer™ Collection

Sample Preparation Guidelines Reporting

mv LIBRARY AND SOFTWARE
DATA ANALYSIS
TraceFinder™
Chromatography Mass Spectrometry Optimized for Quantitation

Targeted Screening and Quantitation

for Drugs of Abuse and NPS

Fast
confident
results

Tsuvaudane witnvrusan s
t‘l'lﬁ"l:‘l{!ﬂﬂ%ﬁ"&&llﬁ? W lnaganwman

uEﬁm‘Lumﬁa- iussrulssnaunianisfivaztnilddaiedu

NYUUILFIALNISUDBAULE USIUUSIULINLTWAN
NSURTAANISUAAUASDUUSINTU




a a a & @fl
C] fanunNanIsuvesmIsuSenlan

s 52 I

www.scispec.co.th /scispec @scispec crm@scispec.co.th

ThermoFisher MARKES
SCIENTIFIC

[®@] @GAS CTC Analytics

FRONTIER LAB

LG <908devices

YOUR SCIENTIFIC SPECIALIST




	Toxicants Screening �in the Workplace by Orbitrap™ HRAMS 
	โครงการ “สถานประกอบกิจการสีขาว”
	New Psychoactive Substances (NPS) 
	Thermo Scientific™ Tox Explorer™ Collection 
	Mass Analyzer : Orbitrap™ Technology
	Mass Analyzer : Orbitrap™ Technology
	Mass Resolution
	Mass Accuracy
	Mass Resolution & Accuracy
	Mass Resolution & Accuracy
	Mass Resolution & Accuracy
	Orbitrap Applications Universe
	Clinical Sample Preparation
	Tox Explorer™ Collection HRAM MS/MS Database 
	Targeted Screening – Compound Library Matching
	Targeted Quantitation – Residue Level Detection  
	Reproducible Chromatograms 
	Robustness of Method
	Key Summary – Tox Explorer™ Collection 
	Slide Number 20

