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Presentation Outline
* Initial state of LC/MS/MS technology
« Evolution of analytical requirements

* Discussion of technology improvements to
address analytical requirements

 Examples of data that demonstrate advantages
of new technology

 Discussion of software that is essential for
processing more complex data
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The Early Days _ABSCIEX)

LC/MS/MS In Environmental Analyses: An Overview

« Early 1990’s most environmental analysis
performed using GC/MS

« Some LC/MS/MS done for explosive and
carbamate compounds. No regulatory
methods for this technique

 Methods were unstable (Thermospray
particularly) and instruments required
extensive maintenance.

« HPLC columns were 4.6mm and required high
flow rates and the peaks were wide

* The industry was not familiar with the
technique and regarded it as a research tool

© 2013 AB SCIEX



What Changes Have Occurred? XESCIEX

LC/MS/MS In Environmental Analyses: An Overview

* Major improvements in the practice of HPLC

« Better columns and higher pressures resulted
in more narrow peaks

« Shareholders are requiring good data in more
complex matrices

* This puts pressure on manufacturers of mass
spectrometers to meet these new requirements
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What the industry looks like today
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But, to further complicate matters...

Other contaminants emerge almost daily
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Fast Forward to the Present

Industry Response: We Bulked Up

Faster

* Need to meet the needs of faster chromatography

More Sensitive
« Lower LOD’s and LOQ’s

More reliable

* Need instruments that are easy to optimize and just run

Better Identification

* Need powerful software to work with these complex data sets
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Speed and Sensitivity

0.1 ng/mL Pesticide Standard (10 pL Injected)

+ @ XIC from D ata pesticides 6500. wiff (sample 6) - cal 2(0.1), +MRM (493 transitions): 3-Hydroxycarbofuran 1(238.1 7 163.0), Gaussian smoothed
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XESCIEX)

Confirmation of Compound Identification

* Current practice is to identify a compound
based on a ratio of a primary and
secondary ion signal

« With complex matrices, interferences
exist that cause errors in this ratio

* Acquisition of full scan MS/MS can
provide far better confirmation of
compound identification

 Triple quadrupole instrument scan time is
too slow to allow acquisition of MS/MS
spectra on a chromatographic timescale



QTRAP® Technology

Hybrid Triple Quadrupole Linear lon Trap (LIT)

Turbo V™ source

Curtain Gas™ interface

Q1 LINACP® collision cell Q3
Q2

LIT

Trapping /
Scanning

lon production

lon filtering

lon filtering

lon transport

1

Fragmentation

lon detection
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XESCIEX

QTRAP®for targeted screening and confirmation

Exit lens

lon accumulation

Precursor ion Fragmentation
selection



Using QTRAP® vs. QqQ for Library Searching

Higher Sensitivity Allows Identification at Lower Levels
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QTRAP® Example
PPCP in Water
MRM-EPI

Screening and Quantitation of Targeted and
Non d Envi ental Pollutants in

Pittcon 2011
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MRM-EPI at Parts-Per-Trillion (ppt) Level
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QTRAP® MS/MS identification
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No Metformin in Water — Identified with QTRAP®
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* This provides high mass accuracy for MS and MS/MS
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A triple quadrupole front end. Q1 for mass selection
and Q2 for collision

Instead of Q3, there is a TOF mass spectrometer.

along with fast survey scan and MS/MS scanning
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Time-of-Flight Mass Analyzer

Source Flight Tube Detector
N
B
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Principle: All ions are accelerated with the same potential at a fixed initial
point and time, and are allowed to drift (or “fly”) down the Flight Tube

lons will separate according to their mass-to-charge ratios:
light ions accelerated to a higher velocity that heavy ions.

The lighter ions strike the detector before the heavier ions. The time
of flight (TOF) can be used to calculate the mass-to-charge ratio.

41
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Resolution of TripleTOF™ 5600 System
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Increased Selectivity through Resolution
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XESCIEX)

KIC from RIKILT_084.wiff (sample 1) - horse feed 10ppb 1/5_1, Experiment 1, +TOF MS (50 - 1000): 192.08 +/- 0.19 Da, Gaussian smoothed
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Software is Mandatory for Targeted
and Non-Targeted Data Processing

 Very large amount of
iInformation in each
data set

* Survey scan such as
MRM'’s or TOF full scan

* Dependent MS/MS
scans

ABSCI
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Reliable data processing made easy

MasterView™ Software

A software tool to assist you in turning data into answers.

- Targeted list processing in 5 clicks When combined with TripleTOF®

- Automatic formula finder and or QTRAP® LC-MS/MS hardware:
fragmentation tools to aid in true

. o * Reduce false positive & false
unknown structure identification

negative results with more

- Sample/control comparisons to comprehensive data acquisition
streamline data processing - Get more confidence in compound

* Reduced data review time ID with MS/MS

- Easy transition to quantitation & » Retain data, not samples, for years
reporting to come

Don’t spend hours at the computer to answer the question:
What is in my sample?
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Searching for what you know

Data Processing Workflow

TIC of TOF-MS-IDA-MS/MS
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Targeted Screening using MasterView ™

— @ IDA Survey from Cl

@ IDA Dependent Sum from Clementin:a.wiffr[sample 1) - clementine
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Quantitative comparison

.= - i
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Name Formula Mass (Da) Adduct ma") Width (Da) m {ﬂ"“;’i"“’ Ij Known | Calculated (o mc'»)f
| 2hydroxycarbofuran C12HI5NO4 | 237.10011  +H | 23810738 | o001 34 2 H| 10 05
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acetamiprid ClOH1ICING | 22206722 +H | 2230745 | o001 47 2 10 05
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Screening using extracted ion chromatograms (XIC)




Targeted Screening using MasterView ™

+ @ imazalil, subrange
s 5 - Clementine sample
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R Name positive Mass (Da) (ppm) Mass (Da)
L results vvvvyvy
.-. Sample 1 - V] vvvvyvy thiabendazole C10H7N3S 20103607  +H 0.01 49494 | 20204402 | -~
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AVVOO pyridaben C19H25CIN20S ~ 364.13761  +H 0.01 27386 36514736
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Non-Targeted Screening using MasterView™

The free chemical database

+ @ 289.1203 7/ 7.38. sulvange 2891203 / 7.38, subrange
z o000 738 Sample g 10000 787 ContrOI Samp|e
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‘] 288,921 2301233 | 292.2284 IS // I
0 L CT . J... I . J . . sk : 100 . i . i . . i . . i .
289.0 2835 230.0 2905 291.0 2915 292.0 2925 0 80 100 120 140 160 180 200 220 240 260 280
Mass/Charge, Da Mass/Charge, Da
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Non-Targeted Screening using MasterView™

5. ChemSpider Search and Automatic MS/MS Interpretation

AESCIEX)

Spectrum from Roma tomato.wiff (sample 1) - Tomato Roma ...art, Experiment 6, +TOF MS"2 (50 - 1000) from 7.373 min

ChemSpider results for: [l@ LI eb/ 1e] 3Y 1-40 of 182 Precursor: 283.1 Da, CE: 35.0 CE=35
100% -
CSID Common Name Molecular Weight 70.0400
Myclobutanil 288.7753 A 90%
10634 Neutral red 288.7753 $
556145 4-(4-Allylpiperazin-1-yl)-2-chloroquin: 288.7753 80%
817274 8-Chloro-N-(3-methylbutyl)-5H-pyrimi 288.7753 70%
176938 4-[4-(3-Chlorophenyl)piperazin-1-+llp 288.7753 =
3 60% 289.1210
7859822 4-Chloro-6-{(2E)-2-[1(4-ethylphenyi). 288.7753 -
o
4232461 5-(4-Chlorophenyl)-2-{4-methylpiperz 288.7753 = 50% /
@
12566491 1H-indole-3-ethanamine, 5-chloro-N-{ 288.7753 _§
176245 4-[4-(4-Chlorophenyl)-1-piperazinyl]-: 288.7753 e
12566490 N-[2-(5-chloro-1H-indol-3-yl)ethyl]-N4 288.7753 20
o 1150528 [ 1510308
7450646 6-[4-(4-Chlorophenyl)piperazin-1-yl]p 288.7753 - |
7450643 6-[4-(3-Chlorophenyl)piperazin-1-yllp 288.7753 2% 1780459
. 89.0374
7401751 2-{4-(5-Chloro-2-methylphenyl)-1-pipc 288.7753 10% 2200853
554962 2-(4-Allylpiperazin-1-yl)}-4-chloroquin: 288.7753 v > . ] + . . . . .
100 150 200 250 300 350 400 450
Mass/Charge, Da
MIEEEEE / Fagments| Peaks
" —
C N selected composition: C;Hg C (125.0153Da Mass/Charge Intensity (%) Assigned Error [Da) »~
ol e 89.0374 1031 0.022
116.0528 2113 (] =
s | F 125.0145
151.0306 26.29 0.067
Ch | Br 178.0453 1031 0.004 2
| p— — == =
| Na I Matches: 8 of 9 peaks, 93.6% of total intensity
e ———
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ChemSpider hits are automatically compared against MS/MS spectrum.



The importance of MS/MS to ID unknowns

Number of matching molecular formulae based on

selectivity criteria
The use of accurate mass molecular ion only gives many matches.
Addition of MS/MS information greatly reduces match possibilities.

Spectnum fram Data 600 Sereaning_ 007 wi (sample 1] - B..etment 1_3T0E 1S (100 - 1000) fram 6508 t 6901 ran) Specinum from Data 5600 Screening D07 4l sample 1) - 2T, Eapatment 6, +TOF M52 (50 - 1000] ram 7.057 rin
Pracursor 2661 Da, CE 350
SEE 1732 2000
+ +
1 2 O 1545 M—’» 6000 Ve
7 5000
= +
s e M+Na > 2w
= o~ £
5.0e4 267071 10263 2000
M+H* *
2720310 1000 131081
. 203,045 i Wl
1 0 O - %E B0 & 20 2V70 o5 A0 #@s 180 15 B = i 0 B0 4
Mass/Charge, Da Mass/Charge, Da

(o)
o
L

B ysing the accurate mass
molecular ion only

¥ plus using the isotopic
pattern (10%)

B plus using the MS/MS
fragment ions

N
o
1

Number of matching formulae
(@]
o

N
(@)
|

20ppm 10 ppm 5 ppm 2 ppm
Mass accuracy
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The importance of MS/MS to ID unknowns

20 pesticides spiked at % correctly % outside of % questionable
10 ppb in 5 food identified acceptability range (needing review)
matrices: (possible false negative
report)
Analyzed by MRM ion 95% 4% - all confirmed by 1% - confirmed by library
ratios library search search
Analyzed by MS/MS 0% 1% - confirmed by MRM ion

library searching 99% ratio

29
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Conclusions

Instruments are capable of low parts per trillion LOD’s

Instrument speed is sufficient to allow good quantitation with
narrow chromatographic peaks

Instruments are capable of acquiring full scan MS/MS spectra on
routine basis in a production setting

Software is in place to allow rapid and comprehensive analysis of
complex data sets

Because it is possible to acquire MS/MS spectra routinely strong
consideration should be given to require this data when reporting

results
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