Forensic Toxicology Data-Independent Analysis Screening Using Xevo™ MRT Mass Spectrometer WCI"'@I’S"”
Routine Parts-per-Billion (ppb) Mass Accuracy

Authors: Nayan. S. Mistry and Michael McCullagh
Affiliations: Waters Corporation, Stamford Avenue, Altrincham Road, Wilmslow, SK9 4AX, UK

INTRO D U CTIO N RES U LTS AN D DISC U SSIO N 6A 1 i::::::jt name I:::::::tionstatus Observ::f:zg Mass error (ppm) - Observe d RT :mi:;ﬁ Expected RT (mi:;ﬁ Expected Fragments Found4 Expected Fragments n:ount4 Respons:TB—m A\ternatea::gmnents ti:ducts .
/ v
. ey w . . . . ectra « thy Trehd :: _
Laboratories are frequently required to perform rosssws | . Drug substances (illicit and non-illicit) were detected based on retention time, the presence of a precursor mass and fragment ions coupled with the S" WE';, -B
broad screening techniques on complex s AN i ] power of mass accuracy tolerances (precursor mass <2 ppm and fragment ions <0.2 mDa) to give absolute confidence in analyte identification. T
SPRAY SPRAY QUADRUPOLE  pDRE LENS E
" " - - " Z é 2506 160.10799
biological matr!ces, to_ldentlfy .drug substa.nc_:es, i | 2] m— . Across the ten anonymized authentic urine samples, excellent mass accuracies were achieved for the compounds identified following a targeted ] - . o
and Other tOXIcants In a qUICK and effICIent e R 3T ] ] s LL analySIS o &5 70 75 80 ;:Fou %0 o5 99.09111'115 105 ﬁu\nmj?:s 1&0 1é5 1301132895 113_:50?5‘5 120 \1: 07635150 155 1éol ln":s lwl?u
timeframe. As well as accurate results and rapid | "““ e
turnaround times, laboratories are constantly . .- o= . Figures 4 and 5 are frequency distribution plots displaying the overall mass accuracies obtained for the precursor and fragment ions. Figure 4 displays T ] |
under pressure to seek options that are cost the frequency distribution plot illustrating the binned precursor mass error (ppm) for 160 identified substances (m/z 122—A478), that were detected in the 5 - U S S I
effective and enVironmentaIIy sustainable- ™ ten anonymlzed aUthentIC urine Samples' A rOOt mean Square (RMS) Of 571 ppb was attalned’ aChIeVIng a 94% deteCtIon rate Wlthln 1 ppm' S 65 70 75 802‘:1954 SSZ&Q %0 95.22039 mof:]:s' 105 ﬁn ﬁs ‘ 12012207 |112350065H1_L0 | I1§s’ 120 I} 145 115;006144 155 160 : 165 wl?nI
M R T . . . . . . . . . . i ner ragments - 7
( O \ . Figure 5 displays the frequency distribution plots illustrating the binned mass error (mDa and ppb) for 92 fragment ions (m/z 80—268), obtained for 23 il ksl
In recent years, broadband data-independent GRIDLESSMIHROHS DETECTOR randomly Selected Substances that were Identlfled for the 160 deteCtlonS, aChIeVIng a 96% deteCtlon rate Wlthln 1 ppm. A | Bxpected miz | Status Observed m/z | Mass error (ppm) | Mass error (mDa) | Detector counts | Observed RT (min) | Formula | Observed ion ratio | Passed ion ratic  Expected ion ratio range | lon ratio tolerance (%) | Expected
n I i DIA n - i i i n r Figure 2 SChemaﬁC OferO MRT MS . . . . . . . . , . 2 146.09640 Found 146.00634 -0.39 -0.06 46 1.09 '
analys s_ ( h) a g f o;t acqu sttho ta fgeteg . Figure 6 provides an example where a false positive identification was prevented. Panel 6A shows Anabasine as the ‘Best Match’, based on retention | e o ar
processing, has f1ast become the preferre time (+0.35 min) tolerance, and mass accuracy tolerances of <2 ppm (precursor mass) and <2 mDa (fragment ions). Fragment ion m/z 131.07162 with DR 20 E
method applied for screening of forensic METHOD a mass accuracy of 1.5 mDa (highlighted), potentially a false positive identification. Reducing the fragment ion tolerance to <0.2 mDa removes this ey e e o s P oS PSS PSS PR —— P
samples. Currently, the analytical strategy uses fragment detection, thus reducing the number of detections to 3 out of 4 fragments for Anabasine. Nicotine, previously an alternative assignment, now = . C e e
high-resolution mass spectrometry (Xevo G3 Samples o _ _ becomes the ‘Best Match’, with all its expected fragments ions less than 0.2 mDa, panel 6B. T o
QTof Mass Spectrometer) to facilitate the ® SyStem SUItablllty teSt (SST) mIX’ a CommerCIal Iteipr:::;a'\SOvd2024_Samples_DO16 Channel name: Lowelne:gy:Ee‘\.;\;Z +/|-‘01131 min:es =
llecti ¢ biased dataset idi standard, prepared at 25 ng/mL with 5mM ammonium . Parts-per-billion (ppb) mass accuracy reduces workload and provides opportunity for less experienced analysts to work independently and with e
colieclion of an unbilased datasei, providing a formate pH 3 (mobile phase A). confidence. i
complete profile of the sample. . Ten anonymized authentic urine samples diluted 1:10 § U,
with mobile phase A. . Estimated cost to the NHS to perform a single identification confirmation assay in-house, can be approximated at £100, in addition to consumables, B R T T i S T S = ‘_w'n
CO ro n e r fees , etc ) :::2 ::r;:_:;;ﬁ?é&%&amplesﬂOlﬁ 7Channel name: High energy : Time 1.0642 +/- 0.0363 minutes i
Here, we demonstrate_ ~a step change Instrumentation 7
enha_\ncement of DIA .speCIfICIty, through use of - Data were acquired using the Waters ACQUITY UPLC . Analyses costs escalate when samples are outsourced, e.g., couriers fees, etc. This can potentially increase the sample reporting time to 6-weeks or ] s T i O i S| o | 0 e
routlne parts-per'bllllOn (ppb) mass accuracy, I'CIaSS FTN PLUS SyStem Coupled Wlth the XeVO MRT more, CaUS|ng an unnecessary Walt for the bereaved_ e o5 70 75 80 és 20 95 oo 105 B ::js .Im.jé.im lezs 130 g 120 I 145 150I 1'55I B I o
aChieved USing the Xevo MRT Mass MS (Figures 1 and 22 The ForenSIC TOXICOIOQy High Energy Fragments ~ .
= ] + Nicotine (4 expected fragments) (5 found generated fragments
Spectrometer (MS), WIth the use Of a preVIOUSIy Screenlng SOIUtlon (MS mOde In ESI Ionlz.atlon A Eipe:tedm;’z Statu;“ Observe d m/z Massjerror\_ppm] Mass error (mDa) | Detector counts | Observed RT (min) | Formula | Observed ion ratic | Passed ion ratio | Expected ion ratio range | lon ratio tolerance (%) | Expected
characterized commercial standard and mode, utilizing a 15-minute gradlent elution"? (Figure T .
= d h = - I 3) WaS the mOde Of vaUISItIon' 2 132.08075 Found 132.08076 0.05 001 18934 1.08 '
ﬁlnu(::llnyar:lil:e the a:rt‘ hzrr‘ltclgd a:;lln:e seslzrcrl‘tip\,iets, 5 r—-i 56 % +/- 500 ppb 5 tq__.p; 79 % +/- 0.1 mDa 3 I,,-q—.: 66 % +/- 500 ppb 3 11705725 Found 11705718 062 -007 am 107
im rovedg mass accurac ar)lld increasiny, e S 7 94%+/-1ppm —1—+ 96%+/-0.2mDa 1 96% +/- 1ppm b —————————— e "
P y g | ! : - 98% +/-1.1 ppm o L RMS Error= 0.083 mDa Vo o RMS Error= 613 ppb Figure 6. Example where a false positive identification was avoided. Panel 6A shows Anabasine as the ‘Best
confidence in identification. Low Energy 4 | ! ! ' RMS Error =571 ppb ¢ Lo L ' Lo 1 Match’, based on retention time (+0.35 min) tolerance, and mass accuracy tolerances of 2 ppm (precursor
Fragmentation of the ! ! ' ! bt o ot bt mass) and <2 mDa (fragment ions). Fragment ion m/z 131.07162 could be a false positive identification.
precursor molecule occurs I 1 I ] [ | (. | 1 1 | 9 9 p
within the T-Wave collision | I I | Lo ! : 2 ' Lo Fragment ion tolerance reduced to <0.2 mDa. Nicotine, previously an alternative assignment, now becomes
cell of the instrument. = 3 : : : : = P o - Co b the ‘Best Match’, with all expected fragments ions present, less than 0.2 mDa, panel 6B
I L 1R 2 Lo | 3 .t o
I I I I I I I |
{&- o . ] f N\ 8 o ] 8 f 8 .
waters_connect” Y P Y “A u 2 : : : : 2 E E E .E ! E i ! CONCLUSIONS
E?f?@ \;’M‘;\'\ e0 280 300 32 34 _é ‘9 : : : : . | I :: 1 : I | i
Eaai E 1 | High Energy 1 I | (IR, ; il . This study has demonstrated the power of ppb mass accuracy,
- . 1 | l iim(l b 1 el gl : 1t producing high specificity and selectivity for the detection of low m/z
H ! |‘ ! ‘ | || | ; il analytes in complex biological matrices.
|
° Al 1) i | : 1|l
‘H.g.,m...s.o.,e..ergymmm -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00 " 5750 04 230 950 010 000 010 020 930 040 065 " S50 AED 160 460 000 045 100 iB> b - PPB specificity facilitates the game changing application of stringent
di fra ntion data 1 H
RISSHESHESImEon Mass Error (ppm) Mass Error (mDa) Mass Error (ppm) data processing tolerances for the precursor (<2 ppm, processed with
Figure 3. Schematic representing DIA (MSF) mode of acquisition _51 ppm workflow _fllter_) ] anq <0.2 rr!Da for the f_ragment ions, 150
Figure 4. Frequency distribution plot of the binned precursor ions Figure 5. Frequency distribution plot of the binned mass error for 92 fragment ions identified, achieving a detection mc_re_ase analyte identification confidence and improve anaIyS|s
_ mass error for 160 detections, attaining an RMS of 571 ppb and rate of 96% with 1 ppm efficiency.
Data Processing _ _ achieving a 94% detection rate within 1 ppm
. Data were acquired and processed using the This i ivotal i hievi ffici b duci fal iti
waters_connect™ Informatics package. The Forensic References ° d IS 'fs pivotal In alc leving e ICIfefr_lc_y, Xé reducing ] asde Posi II\‘:e
TOXiCOIOgy Screening SOIUtion a|SO inCOI’pOI‘ateS a 1. N. S. Mistry, L. J. Calton, J. Cooper. The Utility of MSE for Toxicology Screening with waters_connect and the Xevo G3 QTof Mass Spectrometer. Waters Application Note, 720008045, Sept 2023 | entl Icatlons, resu tlng In more e I_CIent_ ata reVIe_w, re UCIng l_t e
Comprehensive |ibrary for more than 2000 drugs and 2. N. S. Mistry, L. J. Calton, J. Cooper. The Ultimate Forensic Toxicology Screening Companion—Xevo G3 QTof. Waters Application Note, 720008033, Sept 2023 number Of samples se_IeCted for ?onflrmatlon ana_IYSIS! '.thus redUCIng
metabolites with reference retention times and exact unnecessary expenditure leading to a positive impact upon
Figure 1. Xevo MRT MS coupled with the ACQUITY™ UPLC™ System masses of the precursor mass and fragment ions. Disclaimer: | am an employee of Waters Corporation and any opinions that | state, are my own. environmental SUStalnablhtY-

TO DOWNLOAD A COPY OF THIS POSTER, VISIT WWW.WATERS.COM/POSTERS Waters, Xevo, ACQUITY, UPLC and waters_connect are trademarks of Waters Technologies Corporation For Research Use Only. Not For Use In Clinical Toxicology Procedures O 00SbaaEN e


720009083EN




