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Transportable MS Wish List

o Small

e Cheap

e Easy to use
e Quick

e Robust

) High resolution “Stroné, light, cheap—éick two”

e Quantitative Keith Bontrager
 Linear

 High specificity

* Universal ambient MS source ©)
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Waters QDa

e Costs ~£35K

* Weight ~ 26 kg

e 20cm H, 35cm W, 65cm D

» Single Quad

» Either diaphragm pump or rotary
pump

e 30 min from switch on to use

e SIM or Scan

Fast electronics i

Cone energy ramping R |

Designed for LC/MS use L

No ambient MS source ©
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Separate

Source Modification Nebuiser and
rying Gas
Control

-

[Code No2BPoo86 47
__SiNo. 37/0€7 B

Corona Pin

ESI only ESI, SESI, APCI, ASAP




ASAP: Atmospheric Solids Analysis Probe @

« Sample introduced via solid
probe (e.g. glass rod)
> Can be solid or liquid
> Sampled by dipping or pipetting

* Analytes desorbed using
stream of heated nitrogen

* lonisation via corona discharge

» Simple modification of standard
APCI source

e Can be run using air

» Also available commercially
(Advion, Waters, lonsense)

A LC connector

N2 nebulizer gas

LC interface probe -p

' 4-N2 purge in

Teflon plug

"4

Melting point

capillary MS inlet p

Discharge ™
needle

API source housing -»
N, purge
vent
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Source Modification

ASAP QDa Source Mk. 1l

‘/f

/ Desorption Gas Heate i
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Corona Voltage
Feedthrough

ASAP, CDI (5




Deployable Mode

Backing
Pump

Orifice

Computer

Gas Supply

= Performance Mode (N2)
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Typical LODs in deployable mode ~5 ng
c.f. ~200 pg in performance mode
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Bulk Drug Identification

Seizure Dilute
N | in EtOH

« Motivation
> Speeding up charging process

> Complimentary technique to current
processes (spot testing, IR etc...)

> |Increased ID confidence

> Purity information 1
« Cutting agents
« Contamination (e.g. fentanyl)
 Goal | |
> Deployable solution = il G
> Simple process

Analyse

> Automated data analysis \ e



Analysis Method

* Positive mode only MDA: Nominal Mass 179 u
> Constant voltage mode, 2.8 kV
« Fixed Desorption Conditions T =y J
> 450 °C 5”‘J| I“’ “‘ 1|Is e e | iy | 512

T OO0 125 150 175 X0 225 250 25 300 253505 JWJZ 450 4TS 500 525 5N 575 GO 625 Eﬁ Flbihiﬁi.ﬂlﬁmzhmﬂ*m !536651 -IW-I 450 475 500 525 nr&ms:ss,o

Phenacetin: Nominal Mass 179 u

> 1 L/min air

m i

> Fixed position
A 0 V=30V 191
- MS Method
> Full scan, m/z 65-650 ch el T TR S “ L T —
> 4 cone voltages . .
 10,25,50and 75V .
> 1 minute acquisition time d L V=30V 4
1 1 nge | 1 my o ® ey
» Data Analysis using Chromalynx L zwL“l i"rl 9 [om s
r1m|251w|57«-225m235m15mmamﬂiacaias&iz'ss‘ﬁs*saéosésn'&am A1 S i s P M M A M g s it s g

> In-house library built using commercial standards

> Current library contains 47 common drugs and cutting
agents

« Method performance assessed with real : B N
drug Selzures prOVIded by EFS W0 1B 1 TS 20 28 3 2% W e 0 ST 0 o W o e e e oo o 75 wmmw W 5 A msasma?smuz 1504759205255535660062‘060:
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Example 1: MDMA

File Edit View Display Processing
2HS(6-|90-
x 15
3 5 2
100 . BEHL)
" N,
W,
e o )
% = — o )
- ——— - e 083 - e
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 min
0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450 0500 0.550 0,600 0.650 0.700 0.750 0.800 0.850 0900 0.950 1.000
2 [ —TaE]
Candidate List - 20185¢pt11_ 012 =3 N3
5/ MDMART 018 Avg 79875 MDMA 7.651e+005 | | Library: MDMA, C11H1SNO2; 193, 307, 307
G/ T MOMA: (0.00) Ava 198.75 s g 1351 100+ Lt
- Function 1 (ES+ MS 15%) :
Function 2 (ES+ MS 30%): 100
~ Function 3 5+ MS 50¥) : Match Factor 740
Function 4 ES+ MS 70V) : Match Factor 760
G/ MDA:(0.00) Avg 72750
@7 MDEA: (0.00) Avg §99.75
%X Methedrone : (0.00) Avg 412.00
@3 Methadone : (0.00) Avg 249.75 %
@3 MDPHP: (0.00) Avg 159.25
@3 Benzocaine : (0.00) Avg 11450
@ d-chloroethcathinone : (0.00) Avg 106,25
@K Cathine: (0.00) Avg 28.50 153
105 135 | 198
A — I
& Scam: 24 (Suggested compound: MOMA) 758504005
T 1942104
%
1632129
\__:___Q: Pl 135.0688
0 7 ¥ T T a7 T T T T T T T min ol T T T TrTTTTTTTITThTTTTTTTeTTeTT T
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Ready NUM




Example 2: Heroin

Edit View Display Processing Window Help
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0.050 0.100 0.150 0.200 0250 0.300 0.350 0.400 0.450 0.500 0.550 0.600 0.650 0.700 0750 0850 0.900 0.950
ox
Candidate List - 20185eptl]_023 [ Estractsd fon Cheomatogams :
@/ Coffeine RT 0.09 Avg 819.00 Cathine 1.467e+005 | |Library Diamorphine; C21H23N0S, 369, 500, 580
4/ Paracetamol RT 0.1 Avg B15.50 3223 I3 102 400, $a
/  Cathine RT0.11 Avg 749.25 3
By T Cathine : (0.00) Avg 740.25 100+
~ Function 1 (ES+ MS 15V) : Match Factor 939
~ Function Z (ES+ MS 30V) : Match Factor 939
Function 3 (ES+ M3 50) : Match Factor 939
Function 4 (ES+ MS 70) : Match Factor 0
S/ Diamorphine : (0.00) Avg T22.75
= Function 1 €S+ MS 15V) ; Match Factor 560 bl
Function 2 (ES+ MS 30) ¢ Match Factor 703
Function 3 (ES+ MS 50V} : Match Factor 173 3o
Function 4 (ES+ MS 70) : Match Factor 835 an
@/  Paracetamol : (0.00) Avg 713,00
@3 6-MAM: (0.00) Avg 27150
&3 Methadone : (0.00) Avg 188,75 o 312 a3 3
§-X  Acetyicodeine: (101 Avg 6650 e e
w3 Noscapine : (0,00) Avg 50.75
@3 Phenacetin: (0.00) Avg 26.75 Sean: 14 (Suggested compound. Cathine) 1.4352+005 |
@3 MDMA; (0.00) Avg 2525 %1 1001521610
@ 3 Phenobarbital ; 0.00) Awg 8.50
% Noscapine RT 015 Avg 832.50
3703214
%
3102208 328.2086 @
L3 T ' ; g T T T T T T T min U\xy\\\x.\\\.\\].(\..\m&
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Exam ple 2 Her()ln Acetylcodeine

Papaverine
sib/2 b diamorphine Paracetamol Caffeine ; hi Noscapine
2017_nov_23_096 22 (0.177) Cm (19:30-69:96) Diamo rphine 1: Scan ES+
100 rem— L4 pr— p— 46e7
14598 83
3104 0,
1523 10094263 15-35% Pure
76327
L 2204 705 4146}
5322898 3114 7737 &
19«3 6.3 2684 5.6
153 2213 2246603 .5 405 35 A
173 19817 3 2614629
s 8379 7 695881 et 9458 11 pecs =
R s i U M LR Tt aisa e e R e A e et e T T T miz
50 60 70 8 90 100 110 120 130 140 J50 10 170 180 10 )0 210 220 230 240 250 260 270 280 290 300 310 320§ 330 N340 W30 360 M370 f380 390 400 4 0 430 440 450 460 470 480 490 500
2017_nov_23_069 31 (0.252) Cm (23:43-89:119) | 1: Scan ES+
1007 3105 _ 3.00e7
30861417
Diamorphine
<
e I\ s HCL Tablets
6053767 &3
LA S LA Sl L Sl s AL LA A L LA A UL A UL AL UM AL  LLAMLIAL JAARLADAS A A0 A Lt Al 0 LAAS ) WAL L) DAL R AL A A LA A A LAY LA LA AL LA AL AR SR UMMM AUI BALMAALLMAMA VA AUALAE MMM VAR AN MR A VA M A U i e S ES
50 60 70 8 90 100 110 120 130 140 J50 1§0 170 180 10 z)0 210 220 230 240 250 260 270 280 290 300 310 320§ 330 K340 N350 360 M370 380 390 400 40 40 430 440 450 460 470 480 490 = 500
2017_nov_23_057 22 (0.177) Cm (21:54-1:14) 1: Scan ES+
2204 | 1137
100, A 3104 _
11303659 Lorat065
05 4145 35-55% Pure
| 152.3 1954 . 5 e 51507]
98923 125267 3734602 3114 178e
1092 164 e 2824 2246405 o o 36¢ s E N
19 35 2723 ls:004686 774443 1001519 4566
7a0rds o907 7|4 499 1137037 e )
e e e b e e e ey P miz
50 60 70 8 9 100 110 120 130 140 J50 10 170 180 10 z)0 210 220 230 240 250 260 270 280 290 300 310 320 |§ 330§ N340 W350 360 Q370 f380 300 400 4 0 430 440 450 460 470 480 490 500
2017_nov_23_033 18 (0.144) Cm (15:38-85:119) .
1004 1953 9143171 7350
8071309 H
rs9mdc Mid-range for
705 uncut
= 1523 268.4 4816 414.5]
R o3 | 2213 3020532 e 5 99242)
156¢ 180|| 1164 6 1737115 g8 o 36 3
1092 1544 8 617 1217642 2824 9791 76§58 a1l 5722014 4566
606584 3768 842248 3 e N o2z 471200
prerprpr e e ey i M i i i M e B e e R L B, R e Ly
50 60 70 80 90 100 110 120 130 140 @50 1Mo 170 180 10 20 210 220 230 240 250 260 270 280 290 300 310 320 | 33 M40 M350 360 ffsr0 §3s0 390 400 4 0 430 | 440 450 460 470 480 490 500
2017_nov_23_026 21 (0.169) Cm (14:48-1:12) 1: Scan ES+
1004 3105 _
13741231
204 55-75% Pure
8171699
<
3114
2213 2744249 705 414.6]
1953 1077368 2684 225 o 7788 73073 4566
891431 aza07a 1121070 Eljff 622821 .
o A it e ot meti et S e e M e e e miz
50 60 70 80 90 100 110 120 130 140 M50 1Mo 170 180 10 Z)0 210 220 230 240 250 260 270 280 290 300 310 320 | 33l M40 M350 360 f370 B30 390 400 4 0 430 440 450 460 470 480 490 500
2017_nov_23_013 24 (0.194) Cm (18:46-1:11) 1: Scan ES+
1004 3105 _ ]
17397547
220.4 0,
1 53% Pure
<
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221.3 3699480 5 705 4146}
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Weird things Chromalynx does...

=l Spectrurm Wiew:

Candidate List - 201820uq08_042
4 Acetylcodeine RT 0.13 Avg 683.50 Library: Methadone; CZTHZTMNO; 209, 999; 9949
v Diamorphine RT 0.15 Awqg 796.75 100
v Papaverine RT 0.18 Awg 732.00 -
e Moscapine RT 0.19 Awg 871.25 5
o Diamorphine RT 0.87 Awg 739.25 H
e Papaverine RT 0.89 Avg 666.75 '
v Moscapine RT 0.90 Awvg 882.50 i
W Methadone RT 1.04 Avg 6<12.00 %o :
: \/ T Methadone : (0.00) &g 642.00 !
.= Function 1 (ES+ MRS 15W) : Match Factor 999 7:
Function 2 (ES+ RS 30W) @ Match Factor 999 255 311 -
Function 3 (E5+ RS 50%) : Match Factor STO s
Function 4 (E5+ kIS TOW) : Match Factor 0
- Alprazolarm @ {0.00) fg 424,00 04 T T T T T T T T T T T T T T T T T i
- x Diarmorphine : (0,00} &g 252,50
e FADES, : (0.00% Aorg 138,25 Scan: 126 (Suggested campound: Methadane) 2.022e+003
- Fethamphetamine : (0.00) Awg 104,25 100+ SRl
[j---x Paracetarmal : (0,00} &g 102.50
- RADRAS  (0.00) Aorg 92,25
E-9€ MDA (0.00) Awg B6.00
- Eenzocaine : (0,000 fwg 81,00
- x Stanozolol @ (0.00) &g 66,50
- Cocaine : {0L00) g 52.00 it
- x Phenacetin : (0.00) &g 48,75
[ 4 Cathine : {0.00) forg 23.75
[V Diamorphine BT 1.93 fivg 812.25
[V MNoscapine RT 1.97 Awqg 738.50
0 T T T T T T T T T T T T T T T T T T T miz
2B5.0 2700 275.0 2800 285.0 2900 28950 2000 205.0 21000

« Deconvoluted spectrum picks only isotope peak of peak of a diamorphine
fragment at m/z 311

» scored against methadone as 999

e again at the next level and we get a strong hit.



Overall Performance

e Chromalynx overall hit rate

~81% using current method e S
(based on ~350 samples) ”

» False positive rate is low (~5%)

> . o T Ty T

Mostly hits for closely related Forward Match = 455
compounds e.g. MDA for an MDMA | Reverse Match = 896
sample ]

* A better approach may beto
remove deconvolution
altogether and use reverse
search only




Simple NIST Searching Approach

e ‘Dumb’ NIST searching approach
> Combine data across peak for each channel
> No background subtraction, no deconvolution
> Search each spectrum against Chromalynx database in NIST
> Filter matches by cone voltage

e Search channel 1 data, record scores for all compounds with R-
Match = 600

« Search channel 2-4 spectra and record R-match scores for all
compounds identified from channel 1 search

* |dentification criteria:
> Tentative: average score = 600, scores in all channels = 600
> Hit: average score = 700, scores in all channels = 600

1o



Example: Amphetamine

9045969
Chl
Ch2
Ch3
Ch4d
Average
#>600

9045969
Chl
Ch2
Ch3
Cha
Average
#>600

9045969
Chl
Ch2
Ch3
Ch4
Average
#>600

Amphetamine
883
940
981
896
925
4

Amphetamine
893
952
956
856
914.25
4

Amphetamine
889
941
985
902
929.25
4

Caffeine

Caffeine

Caffeine

Methamphetamine
999 389
973 844
965 952
933 936
967.5 780.25
4 3

Methamphetamine
972 387
966 891
958 956
927 894
955.75 782
4 3

Methamphetamine
998 374
971 884
930 951
958 842
964.25 762.75
4 3

Only amphetamine and caffeine
identified from first-pass filter
(ch12600) so even though
methamphetamine has an average
score >700 in all cases it would
not be counted as a hit due to the
low Ch1l score



Results Summary: Amphetamines

Amphetamines

NIST Searching
. . ] False False
Sample Hit Tentative| Miss Positive  Tentative
9045969 3 0 0 0 0
9045677 3 0 0 0 0 . .
T A o o o o Caffeine cutting
8925010 3 0 0 0 0 agent also
Hieae e L L 0 0 correctly identified
8926571 3 0 0 0 0 )
8926575 3 0 0 0 0 in all samples
8926572 3 0 0 0 0
Totals 24 0 0 0 0
% 100.0 0.0 0.0 0.0 0.0
|Tota| | 24|

« Chromalynx Forward: 5 hits, 6 tentative, 13 misses, 3 false
tentatives

« Chromalynx reverse: 16 hits, 7 tentatives, 1 miss, 2 false hits, 8 false O
tentatives



Overall

Tentative

e

Chromalynx

Forward =

eI 45 12 13 2 11
Reverse

NIST Reverse 69 0 3 12 0

‘Dumb’ NIST searching typically gives better results than either Chromlynx

method.
However, the false positive rate is significantly higher than observed for the

other methods.

This could be overcome by raising the thresholds used to, for example, 800 for
a ‘hit’; this change would reduce the number of false positives to 1 but leave @
the number of hits unaffected.



Conclusions

» Non-laboratory deployable MS system being developed
> Only power required for operation

» Data is easy and quick to obtain
> ~1min a sample

e Trained MS operator can quickly deduce compound
> Recognisable spectra for common drugs of abuse

« Some work to do for automated identification
> Various approaches investigated, progress being made

1o



Future Plans

* Further Instrument Development

> Source MK. IV
» Fixed geometry
» Fixed gas flow

> Internal power supply
> Internal gas supply

» Better Data Analysis Tools

> Chromalynx
> LivelD

* Deployment of ASAP QDa for
drug seizures
> Forensics laboratory (late 2018)
> Police forensics hubs (early 2019)

» Application Development
> Food
> Clinical
> Environmental
> Process monitoring

.f
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