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¢ Prepare samples

Generic sample extraction Pre concentrate and clean-up

High resolution chromatography and MS detection Simultaneous molecular ion and fragment ion data

Locate and identify known components

Maximise MS information Determine significance with quantification

Identify unknown peaks of interest

Deconvolution of molecular ion and fragment ion data Comparing against known ‘good’ sample or controls

Elucidate structures of unknowns

Elemental composition determinations, online search Software based mass spectral interpretation
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Oasis HLB SPE
— Efficient water extraction
Xevo G2 QTof

— QuanTOF technology
— 20,000 resolution

— MSE enabled

POSI*IVE workflow software

— Targeted screening using
compound database

ChromalLynx XS, MassFragment

— Locate and identify non-targeted
unknown components
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Rapid and Comprehensive data
acquisition



%

Speed AND Resolution

MSE with rapid chromatography

MSE = All the masses
in ONE injection

Hundreds of Pesticides,
<85 seconds

28 datapoints across
spiroxamine peak

Fragments = 14 data points
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Precursors = 14 data points



Speed AND Resolution

MSE with rapid chromatography .

Ultra fast for
simple matrices
LN
Medium speed for
normal’ matrices

3.4

A {\ | m. O m HA( 1 h !k L ,.ld

0 14.00

Maximum resolution
for the most complex
matrices




Comprehensive Data

- ]
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= Simple, patented method for unbiased data acquisition
— Catalogs complex samples in a single analysis
— Comprehensive record of precursor and fragment ion data

I

ii

Fr
an




| nE

All ions all the time

Bateman et al, Anal Chem (2002)
Silva et al, MCP (2005)

‘ —

*Patented technology
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Matrix Tolerance



In Spectrum Dynamic range
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Stability and Selectivity



Mass Stability

Essential for High Quality Data

i . AM (mDa) | AM m
_ 2.03 Thiabendazole Scan No Measured Mass (mDa) (ppm)
100 20 ppb -0.50

0.00
-0.30
0.30
-0.20 0.99
0.10

RMS = 0.30 1.50

100, 2020442 /

Excellent mass

\\ N accuracy across peak
] 202. 0757
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Targeted Screening

Narrow XIC Windows

THE SCIENCE OF WHAT'S POSSIBLE."

100 0'910 96 1.29
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Fenuron m/z 165.1028

and fragments with MSE




Reducing False Positives

N a rrow XI C WI n d OWS THE SCIENCE OF WHAT'S POSSIBLE.”
215 215
100 Monuron 100
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Selectivity gains using high resolution
fragment ions



Comprehensive Data Acquisitio

- Resolve Isobaric Precursors Wi
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Screening Against a Target List of
Compounds
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= 200 mL UK River Water
® Qaisis HLB Cartridge (200x concentration)
= ACQUITY UPLC System

— Runtime: 5 min
— Flow Rate: 0.6 mL/min
— Injection: 3.0 uL
— Column: ACQUITY BEH C,g, 1.7 um, 2.1 x 50 mm (45 °C)
— Mobile Phase: A) Ammonium Acetate in Water. B) Ammonium Acetate in Methanol
Time Flow rate s -
(min) (mL/min) /oA /oB Curve
Initial 0.60 98 2 0]
0.10 0.60 98 2 6
3.75 0.60 1 99 6
4.25 0.60 1 99 6
4.26 0.60 98 2 11
5.00 0.60 98 2 6
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MS system:
Ionization mode:
Analyser:

Scan time:
Capillary voltage:
Sampling cone:
Source temp:
Desolvation temp:
Mass range:

MSE Low energy:
MSE High energy:

LockSpray solution:

LockSpray masses:

Waters

n
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Xevo G2 QTof (Figure 1)

ESI positive

Resolution mode (>20K resolution)
0.1s

1.0 kv

30.0 V

120 °C

550 °C

m/z 50 — 1000

6.0 V

25.0 - 30.0 V

Leucine enkephalin

m/z 556.2771 and m/z 278.1141
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Screening against a Target List

THE SCIENCE OF WHAT'S POSSIBLE."

Non-selective
sample extraction

Non-Targeted (Unbiased) Data Acquisition @

Acquire single comprehensive dataset with
independent precursor and fragment information

@ Targeted Data Analysis

4—

Compound databases
nw-XIC

-RT

- Mass error

- Isotope patterns

- Fragment ion data
Quantitation of positives

POSI CIVE™

Benefits

Utilise U-HPLC speed

Precursors & Fragments in
single injection

Good selectivity from
UPLC & MS resolution,
mass accuracy & stability,
use of fragment ions

Reduced false positives

Required sensitivity for
regulatory use & discovery
of unknowns

Works with complex
matrices

Screen & Quantify



Targeted Screening Wi
Ri ve r Wa te r THE SCIENCE D(F]W-!:ESrSSSIBLE?

1004 4.56
o
Trace RT[ Arma|  Respores|  ppb|  Foud Mass| Eror (mba)| -
1520112
2| 192 0773 180 32455 0 4EE| 325
3| Carbalaran 3 oy Tp...[ 181 0885 126 eS|  mwAns| 2sa2 161.0866 ol
D A | A Carboturan -3 ket 7 phendl |179.0/00
T U(IEU f 1‘UU T T T T T T | ] Carbaturan--phendl W G 155 0901 5]
: : : : : : | 360 4800 3001604) 08
19_2_.1]1.! E 1521 ot >
1004 | Acetaming...| Carberaazim | | | | Comeirm DEET | Dweon | Feruron  [Hydocodis...| Pr Sk | Sutenetin.. | Sl [ Terbuiise..| Terd
e ! | | CER— ! 1 I | !

MSE molecular
ions

Acetaminop... | Carkendazim | Carbofuran... | Carbofuran... | Carbofes ]
Fastnet_010310_water020 941 b

Fastnet_0103510_water029
Fastnet_010310_water039
Fastnet_010310_vwater04s

Fastnet 01031 0_waterd5s | 2622 [ [13g]|Carbofuran-7-phenal

Mass Error Flagged
Fastnet_010310_water065 1.8mDa = 1.0 mDa

%

163

264 298 456
2028

%

L T TrTTTeT TR l ’ TrrTTerT ala T T min

1
Fastet 010310 _waterdds Gogeing F2T0F Mg ES
River water blank fiver water blank 199,075
34320003
100
%
T P27 299
- . T A 7 AT T T T min
020 040 050 000  1.00 220 40 280 280 300 020 340 380 300 400 420 440 45D 460
roody 1 £ Fastres_010310_waterina N

[— —

' Overview of all detected compounds in all samples E

—_— ]




River Water Screening
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Discovery & Identification of
“"Unknown” Residues



“Unknown” Discovery and
Identification

[ Non-selective }

sample extraction

Non-Targeted (Unbiased) Data Acquisition @

Acquire single comprehensive dataset with
independent precursor and fragment information

@ Non-Targeted Data Analysis

[Generate component |iStJ «<—— | Spectral deconvolution

- : Apply application managers

DISCOVERY

Waters
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Application Managers

o ldentify using
Chromalynx spectral libraries

o Compare

o Detect and identify
Metabolym@XS transformation
products

o Detect and identify
MarkergniS markers of sample
— differentiation

Apply structural

MassFragment™ . .
elucidation tools

—

Confirm identity



Example Workflow

Acquire single comprehensive dataset with
independent precursor and fragment information

DISCOVERY @ Non-Targeted Data Analysis

M aE.'S.F[ag m Entr.u

[ Component List

Spectral deconvolution

Compare samples

Use Acc Mass and
iIsotope profile filters

Search database for candidates

Provide structure and
fragment ion spectrato
“Massfragment”




Chromalynx X5 |den

File  Edit

Non-Targeted Components

Deconvoluting river water sample

View Display Processing Window Help
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Non-Targeted Components
Comparison with control sample

File Edit “ew Display Processing  Window Help
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Non-Targeted Component

Elucidating structure of unknow

1030 _watnrit
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Non-Targeted Component P
Elucidating structure of unkno

D Structure Empirical Formula Molecular Weight ~ # of Data Sources # of References
Ce¢H,,0,PCl; entered into
i +
- $ ncor e o ) Chemspider search ([M+H]*)

cl\/\uu)\go\/\:l
2283616 cH -
= T 20, 0 | CeH12Cla04P 285.4898 10 12 .

Y, ChemSpider proposed a

number of structures

R K5 cmcor e 0 14 Tris(2-chloroethyl) Phosphate

Hac/\ol\})m !
is a commonly used flame

H,

e
107417 3,0\}{' CgH12CRL0O4P 285 4898 6 6
% 1

e o

retardant and the top hit

CH,

S

19979868 ~1=0 CeH12C104P 285.4898 1 1
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Non-Targeted Component
MassFragment and MSE

1260001

o .
Fl:-l e "{ua‘% » L
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MSE fragments niz 1250001 X
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[Unknown component in river water |
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Non-Targeted Component
Isotope Model Comparison |

lemental Compos

File Edit View Process Help
H naz 8 M o x|
Single Mass Analysis |
Tolerance = 1.5 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off A
Mumber of isotope peaks used for i-FIT = 6 i
Monoisotopic Mass, 0dd and Even Electron lons
2945 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass) b
Elements Used: v
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7 13
5 i3 2 2
8 4 6 1 2
.0 i \ C4 H7 N7 P2 Q2 4 7 7 2 2
s .1 0.4 50 C3IH7N7OP3CO 3 7 7 1 3 1
2849614 1 0.4 05 C4HI306P3C ] 13 & 3 1
284,9619 0.4 -L4 135 C12 H3 N2 03 P2 12 3 2 3 2
C6 H13 04 P CI3
1001 Isotope 2849617  2g6.9588
model based
.| on proposed
formula 288.9561
285.9651 | 287.9622 | 989 9504
0+ 1-”7-|[77” 11'|v'l['rv11'[r-:v1ITvv-rr-[-r-'-r-r'[vrrthr:1-|-|rv-rTrr1'rTl T Mz
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- .. 2849615  286.9586 Tris{2-chloroethyl) Phosphate
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%] maSSt LN ¢ ~
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Flle Edit Wiew Display Processing Window Help
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Non-Targeted Component

Emerging contaminants in river w
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1004
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ChemSpider prop
Carbamazepine

Elecomp and i-Fit
proposed C,;H,;N,0 as
candidate




Non-Targeted Component
MassFragment and MSE

194.0967

193.0888
S 123.0809

MSE fragments

m/z 194.0970
AM = -0.3 Da

150 200 250 300

237.1031 o @
|

N’ko

m/z 237.1028
AM = +0.3 Da

125.1075

Precursor s

[Unknown component in river water |

THE SCIENCE OF WHAT'S POSSIBLE."

194.0971

MS/MS spectrum

195.1004
237.1031

Carbamaz andard
| carbamazepine standard _|




Conclusions
= Compounds as diverse as the anticonvulsant mood
stabilizing drug carbamazepine, the analgesic compound
codeine and the flame retardant tris(2-chloroethyl)
phosphate were discovered in the river water blank using
this non-targeted structural elucidation workflow approach.

= The MSE functionality enables the acquisition of both low
energy (precursor ion) and high energy (fragment ion) data
In a single rapid screening run.

= MSE fragment ion data can be used to help with unequivocal
identification of detected compounds.

= The compare functionality, elemental composition, and
mass fragment strategies in the workflow provide powerful
tools for screening, detection, and identification of true non-
targeted species in environmental matrices.
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= Riches E,1 Morphet J,1 Major H,! Keenan G,? Giela A,?
Rosnack K,3

— Waters Corporation, Atlas Park, Simonsway, Manchester M22
5PP; Email: eleanor_riches@waters.com

— 2SASA, Roddinglaw Road, Edinburgh, Scotland EH12 9FJ;
Email: george.keenan@sasa.gsi.gov.uk

— 3Waters Corporation, 34 Maple Street, Milford, MA, 01757;
Email: ken_rosnack@waters.com
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|

QUESTIONS?

Chemical Analysis Business Operations
Waters Corporation
Milford MA

Email: ken_rosnack@waters.com




