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probably one of the biggest challenges for an analytical chemist” 
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”Accurate and sensitive qualitative and quantitative analysis  
of any compound in food and environemental samples is  
probably one of the biggest challenges for an analytical chemist” 

Trace amounts (low ppt) 
 
Difficult matrices 

Identification/Confirmation issues 
 
Multimethods 



BACKGROUND 

Triple quadrupole type of instruments dominates 
 
• Why QQQ? 
 
• ”MS/MS is required to get sufficient selectivity” 

• ”MS/MS is required to get sufficient sensitivity” 

• ”The only instrument type robust enough to work in routine 

• ”Minimum user dependant results” 

• ”Superior sensitivity” 

• ”Superior linearity” 
 

Presenter
Presentation Notes
Traditionally – and in particular for samples suffering from heavy matrice - triple quadrupole type of instruments has been used in order to achieve the required sensititviy, selectivity and linearity for the quantification of different compounds in food and environmental samples



BACKGROUND 

..but why not high resolution instruments like TOF? 
 
• High resolving power and accurate mass for selective and 

sensitive quantification 

• No need to setup MRM transitions 

• No need to decide upfront what to detect 

• ”All the ions all the time”. Speed and sensitivity (Ferrer et.al.) 

• Possibility to build accurate mass MS/MS libraries 

• Modern Tof/Q-Tof´s are easy to operate 

• Modern Tof/Q-Tof´s are stable and reliable 
 



Ultra High Definition  
Optimizing all Analytical Dimensions 

Signal Response 

Mass Spectrum 

• Sensitivity 
• Dynamic Range 
• Linearity 

• Mass Accuracy 
• Resolving Power 
• Acquisition Rate 

• Separation Speed 
• Peak Capacity 

Presenter
Presentation Notes
Ultra high definition information comes from the combined analytical power of 1-  high resolution separation (UHPLC);  2- fast and high resolution MS; 3- data mining tools that take advantage of fast accurate mass MSMS and specialized algorithms to turn that data into meaningful results.



e.g. Caffeine, C8H10N4O2 
 
Tof/Q-Tof: 
 
Resolution: 25.000 
 
 
 
 
Quadrupole: 
 
Resolution: 280 



Mass accuracy:  
e.g. Caffeine 
 
Tof/Q-Tof:  
195.0877±1ppm 
195.0875 - 195.0879m/z 
 
 
 
 
Quadrupole: 
195.1±0.1Da  
195.0 - 195.2m/z 
or ~ ±500ppm 
 
 



Mass accuracy:  
e.g. Caffeine 
 
Tof/Q-Tof:  
195.0877±1ppm 
195.0875 - 195.0879m/z 
 
 
 
 
Quadrupole: 
195.1±0.1Da  
195.0 - 195.2m/z 
or ~ ±500ppm 
 
 

Number of hits searching the  
METLIN DB.....~45.000 cpd´s 
 
 
1 (one) 
 
 
 
 
 
 
24 (twenty four) 



Effect of resolution and mass accuracy 
EIC of m/z  144.1627 

Isolation window ±10ppm 
s/n ~39.000  

Isolation window ±500ppm 
s/n ~650  



Statement 1 and 2: 
 
• ”MS/MS is required to get sufficient selectivity” 

• ”MS/MS is required to get sufficient sensitivity” 

 

 
 



Statement 1 and 2: 
 
• ”MS/MS is required to get sufficient selectivity” 

• ”MS/MS is required to get sufficient sensitivity” 

 

• Low resolving power instruments e.g. Quadrupole based,  

requires MS/MS to achieve sufficient selectivity and sensitivity  

 

 

 
 



6540 UHD Accurate Mass Q-TOF LC/MS           
The Highest Performing Benchtop Q-TOF  

Exceptional Ultra High Definition Performance… 
With No Trade-Offs 
 

•  40,000 resolution 
•  Excellent isotopic fidelity 
•  Mass accuracy < 1 ppm 
•  5 orders of linear dynamic range  
•  Femtogram-level sensitivity with Agilent Jet Stream 
•  Fast acquisition for UHPLC – up to 20 spectra/second 

 
 
 
 
 

Made Possible by Continuing Technology Breakthroughs 
 

•  Ion Beam Compression (IBC) cools & focuses ion beam 
•  Extended Flight Tube with Enhanced Mirror Technology (EMT) 
•  New Photonis Fast Bipolar Detector 

 
 
 
 
 

The Ultimate Qualitative Analysis System 
 

•  Proteomics/Metabolomics 
•  Non-targeted food/environmental screening 
•  Impurity analysis 
•  Metabolite ID 



Technology 
Innovation 

Dual-stage 
ion mirror 
(resolution) 

Ion Beam Compression  
Technology (resolution  + 
mass accuracy) 

Orthogonal spray 
source (signal-to-noise) 

Ion acceleration in hexapole 
collision cell (faster MS/MS spectra) 

Longer flight tube 
(resolution) 

INVAR flight tube 
(mass accuracy) 

ADC (dynamic range) 

4 GHz electronics  
(resolution, mass 
accuracy, sensitivity, 
dynamic range) 

UHD Q-TOF 15 

Presenter
Presentation Notes
Agilent’s Ultra High Definition Q-TOF technology brings together complementary technologies and proprietary engineering innovations to achieve performance that measurably surpasses any other Q-TOF system. The following descriptions are from Agilent technical note 5990-5585EN.Dual-stage ion mirror improves second-order time focusing for high mass resolution.Ion Beam Compression (IBC) Technology (patent pending) compresses and cools the ion beam up to 10-fold, resulting in fewer ion losses and more precise mass assignment. Mass resolution and mass accuracy are improved up to 200 percent.Ion source innovations such as proprietary orthogonal spray maximize ion generation and reduce noise, while maintaining excellent accurate mass with automated introduction of an internal reference mass.Ions are accelerated in the hexapole collision cell to enable faster generation of high-quality MS/MS spectra.Proprietary INVAR flight tube sealed in a vacuum-insulated shell eliminates thermal mass drift due to temperature changes to maintain excellent mass accuracy, 24/7. Added length improves mass resolution.Unlike time-to-digital (TDC) detectors that record single ion events, analog-to-digital (ADC) detection records multiple ion events, allowing very accurate mass assignments over a wide mass range and dynamic range of concentrations.4 GHz ADC electronics enable a high sampling rate (32 Gbit/s) which improves the resolution, mass accuracy, and sensitivity for low-abundance samples. Dual-gain amplifiers simultaneously process detector signals through both low-gain and high-gain channels, extending the dynamic range to 105.



Ultra High Speed Acquisition 
From Agilent’s Leadership in GHz Speed Electronics 

Picture of 4GHz board 
Goes here 

FPGAs 

Dual Input Agilent  
pre-amplifiers 

4 GHz Agilent ADC 

• 4 GHz Acquisition for Maximum 
Resolving Power and <1ppm 
Mass Accuracy 

• 5 Decades of in-Spectrum  
Dynamic Range from 2-Channel x 
2 GHz Dual Gain Mode  

• 4 GHz (8 bit) Analog-Digital-
Converter Adapted from Agilent’s 

   High Speed Oscilloscope Systems 

• Ultra High Speed FPGAs process 
   and store transients in real time 

 

Making Research Grade Performance possible in a Benchtop Format 



”All the ions all the time” 



”All the ions all the time” 

Full sensitivity all the time 
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Full sensitivity all the time 
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6540 Ultra High Definition Q-TOF 
Mass Accuracy – Repetitive Injections 

+ESI EIC(609.28066)  
   Scan Frag=240.0V Reserpine_40pgms3.d  

0.511 

Counts vs. Acquisition Time (min) 
0.0 0.25 0.5 0.75 1 

5 x10 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 609.28081 

610.28425 

611.28650 

612.28987 

Counts vs. Mass-to-Charge (m/z) 
609 610 611 612 613 614 

613.29210 

Isotope Obs % Calc % Obs m/z Calc m/z Diff (ppm) 

1 100 100 609.28081 609.28066 0.25 

2 35.87 37.24 610.28425 610.28393 0.52 

3 8.58 8.59 611.28650 611.28671 -0.34 

4 1.41 1.48 612.28987 612.28941 0.75 

5 0.14 0.21 613.29210 613.29203 0.11 

Run 
Error 
(ppm) 

1 0.96 
2 -0.17 
3 0.25 
4 0.02 
5 0.39 
6 0.13 
7 0.01 
8 0.52 
9 0.04 

10 0.30 

Mean 0.25 
 

Std 
Dev 0.32 

40 pg reserpine on-column, 10 injections 

250 ppb mass accuracy calibration and very accurate isotopic ratios  

Presenter
Presentation Notes
Agilent Q-TOF systems are known for their superior mass accuracy. This slide shows data for mass accuracy of the 6540 UHD Q-TOF. The red rectangle on the left highlights proof of performance for mass accuracy on 10 repetitive injections of 40 pg reserpine. The excellent mass accuracy of 0.25 ppm is well below the installation specification of < 1ppm. The mass error distribution is only 320 ppb for this data set. The data within the blue rectangle shows that the isotopic ratios are quite accurate. When you compare observed to calculated isotope ratios, the numbers are very close. The mass errors for the isotope cluster (red rectangle on the right) are all less than 1 ppm.Abbreviations: Std Dev = standard deviationObs = observedCalc = calculatedDiff = difference



6530 QTOF Applications Overview 

June 1, 2008 

Food Safety Screening for Triazines in Tomato Matrix 
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Counts vs. Acquisition Time (min) 
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TIC 

Compound % RSD 
(3 inj.) 

Simazine 0.3 
Prometon 1.6 
Atrazine 0.3 
Ametryn 2.2 
Propazine 2.6 
Prometryn 2.6 
Terbutryn 2.2 

 
 

Note: on-column amount is 5 pg (10 µL x 500 ppt). 
Identification done by database searching 
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6230 TOF, MS Mode, Extended Dynamic Range 

Presenter
Presentation Notes
Food safetyThis is an analysis of a spiked tomato extract in MS-only mode.  The blank tomato matrix was obtained by a QuEChERS-type sample preparation typical of what is used in the industry.  [QuEChERS:  Quick Easy Cheap Effective Rugged Safe sample preparation technique.  A fairly recent description is Lehotay, S., Mastovska, K., Lightfield, A. JAOAC Intl. (2005), 88, 615-629.]  The triazines were spiked into the matrix at the 500 ppt level (500 pg per mL of matrix).  Ten microliters of sample was injected, leading to 5 pg on column.  Runs were performed in triplicate (only one shown here).  Blanks were blank (data not shown, but see next slide for blank performance in MS/MS mode).  Identifications were performed by database searching against a user-created .csv file.  A narrow mass EIC window of 20 ppm was used.  The database search parameters were adjusted (lowered) to pick up the low level pesticides, but no manual processing was performed.All seven pesticides in each of the three data files were found automatically, testifying to the tremendous sensitivity of the system.  A representative analysis is shown here.  The TIC shows many abundant components from the matrix.  At a 1000X lower abundances (lower left), we can see the EICs for the triazine pesticides listed in the database and found by the instrument.  The %RSD values for the triplicate measurements are all under 3%, attesting to the strong signals and excellent reproducibility.  On the right is the spectrum at the retention time of atrazine.  The matrix (upper right) dominates over the analyte (lower right) by 1000 times.  Nonetheless, the instrument has enough sensitivity and resolution to detect and accurately assign the mass to within -1.1 ppm error.The instrument is quite suitable for screening for these pesticides in this matrix at this low level.Data obtained with Yan-Yan Fang (Agilent Shanghai).Conditions:Column:  2.1 x 50mm Eclipse Plus C18, 1.8 um, 45 CFlow rate:  0.4 mL/minMobile phase:  A = water with 0.1% formic acid and 5 mM ammonium formate; B = ACNGradient:  20%B @ 0 min, 40% B@ 8 min, 90% B @ 8.5 min, 90% @ 12 min, 20% B @ 12.5 min, stop time @ 15 min, post run 3 minInjection volume:  10 uL of a 500 ppt solution of triazines in tomato matrixScan mode:  positive mode MS-onlyScan range:  100-1000 m/z, 1700 maximum mass, 2 GHz ADC rateScan rate:  0.85 scans/second (~ 16,000 transients/scan)Reference masses:  121.050873 and 922.009798 m/z via UIRMJet streamSheath gas:  11 L/min @ 375 CNozzle voltage:  600 VDrying gas:  4 L/min @300 CNebulizer:  35 psigVcap:  4000 V



6000 Overview Diploma Training 2006 
Agilent Restricted 
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Rapid Analysis of Pharmaceutical Compounds   
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0.36s 

Atenolol 

Metoprolol 

Primidone 

Verapamil 

Beclomethasone- 
dipropionate 

H2O/ACN 
 Flow =1.8ml/min 

5-90%B in 0.5min 
Stop time =0.65min 

80°C, ACR 
MS 40Hz 

100-1000Da 

TOF - MS with 40 Hz acquisition rate over 39-second run time 



Analysis of Sudan I:  Reproducibility, Sensitivity, 
Quantitation 
• Sudan I - 249.1023 m/z 

 

N

N

OH

2 pg  injected – signal-to-noise = 3.3 
Calculated LOD  (S/N=3)  = 1.81pg 

Reproducibility N=20 
2.95% RSD 

Reproducible 
3% RSD 

linear 

Sensitive (2 pg) 

Presenter
Presentation Notes
In this demonstration, the customer wanted to see the reproducibility, sensitivity, and linearity of the Agilent UHD Q-TOF for these analyses. These results are for Sudan I. They demonstrate excellent performance on all three aspects:RSDs of less than 3%LOD less than 2 pgVery respectable linearity (R2 = .9999) across two orders of magnitude in concentration (graph shows 2, 20 and 200 pg injected)



Analysis of Sudan I:  Mass Accuracy, Resolution 

Sudan I - 249.1023 m/z 

 

N

N

OH Resolution 
~ 30,000 

Mass accuracy 0.29 ppm 

Presenter
Presentation Notes
This is more data on the same dye: Sudan I. Here you see excellent resolution (nearly 30,000), and mass accuracy (low error of only 0.29 ppm). In addition, note the outstanding match of the isotope ratios to the theoretical values. (Purple rectangles in the spectrum show theoretical values.) This slide and the previous one demonstrate how the Agilent Ultra High Definition Q-TOF produces excellent data in all dimensions – simultaneously. You get superb resolution, mass accuracy, isotopic fidelity, sensitivity, linearity, and reproducibility – all in the same measurement. Unlike some other systems, you do not need to compromise performance in one dimension to achieve acceptable performance in another dimension. 



Sudan Dyes: Outstanding Mass Accuracy and 
Resolution Enable Quantitation 
 
Name m/z Mass 

error 
(ppm) 

Resolution Signal/ 
noise 
(2 pg) 

Calc. LOD 
at 3x RMS 
noise (pg) 

Dimethyl (Butter) Yellow 226.1339 -0.11 28884 43.5 0.14 
Sudan I 249.1023 0.29 29851 3.3 1.8 
Sudan II 277.1336 -0.59 31267 6.9 0.87 
Para Red 294.0873 0.64 31413 13.5 (20 pg) 4.4 
Sudan III 353.1397 -0.34 32653 3.9 3.0 
Sudan Red 7B 380.1870 0.31 32526 11.3 0.50 
Sudan IV 381.1710 0.32 33515 8.9 (20 pg) 6.7 
Sudan Red B 381.1710 0.56 34131 18.7 3.2 
Rhodamine B 443.2330 -0.14 35607 58.4 0.10 
Average: 
Standard deviation: 

0.37 ppm 
0.19 ppm 

2.3 < 0.5 ppm mass error 

Presenter
Presentation Notes
The table shows results for all the dyes in the study. As you can see, the results demonstrate very small mass errors, high resolution (around 30,000), and low-pg or sub-pg limits of detection. With critical analyses like the  analysis of chili powder for carcinogenic Sudan dyes, this is the type of data quality that you want so you can be assured that a product is safe for human consumption. 



Vitamin B Analysis in Food 

By courtesy to Q&Q Laboratories, Sweden 

R Wahlström, E. Hermansson, G. Hägglund 
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Spectral 
Resolution & 

 Isotopic Fidelity 

Presenter
Presentation Notes
For the sake a comparison, you really have to look at these in relative time scales.You can quickly see that in the 90 second analysis, the TOF MS system is acquiring a lot of data very quickly.  As mentioned, TOF is a very rapid scanning technique.  In this analysis, we acquired 20 spectra/sec.  Some data is shown for a representative analyte, thiabendazole: XIC Expanded XIC, showing 0.8 sec. peak width.  In spite of this very narrow peak, the TOF system acquired 23 spectra, which assure an excellent spectral information set for this compound and solid quantitation. Even at this rapid acquisition rate, mass accuracy was excellent at -1.8ppm. Spectral resolution and isotopic fidelity are superb.
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1290 UHPLC with 6540 UHD Q-TOF 
250 pesticides in 90 seconds 

Presenter
Presentation Notes
Ultra fast analyses of multi-residues like pesticides is illustrated using 1290 UHPLC and 6540 Ultra High Definition Q-TOF.  In this example, a 90 second assay of a suite of 250 pesticides (10Hz acquisition rate, 125pg on-column) yields excellent chromatographic and mass spectral resolution across the pesticide mass range.  Three pesticide examples are detailed which represent low, mid and high mass.  Mass resolution values were 24909, 38636 and 47094 and measured mass accuracies were 0.06, 0.25 and 0.77ppm, respectively.  Chromatographic peak widths were less than 0.8sec (FWHM.)  



Identification of 29 Pesticides in Pepper Matrix at 10 ppb 
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Presenter
Presentation Notes
This is an analysis made with the final run parameters of the pesticides sample spiked into a red pepper matrix at the level corresponding to 10 ppb in the original produce (assuming 100% recovery of the pesticides during the QuEChERS extraction).  The TIC is shown in the upper right; the overall signal completely dominates over the analytes.  A zooom view of the 29 analytes is shown below.  All 29 are detected automatically by the software, with all at less than 1 ppm mass error.  Representative spectra are shown also.  Notice the presence of matrix ions in the spectra for the last three components Diethofencarb, Triflumuron, and Flufenoxuron—yet the MFG algorithm is able to pick out the isotopes and identify the compounds without user intervention—(red boxes are the identified isotopic patterns).  The resolution shown is typical for compounds in the mass range 150-500 m/z.  Note that this run was at 3 scans/second acquisition rate with a complete 5%--95% gradient in 3 minutes while still achieving sub-ppm mass accuracy and high resolution.  The instrument does not sacrifice performance in one area to gain performance in another.  All the performance all of the time.The target compounds have finished eluting from the system in 3.2 minutes, yet the run lasts 10 minutes.  This is because of all the highly-retentive components in the sample matrix, which take time to clear the column.  The only ways of improving the throughput is to improve the sample extraction procedure or to employ some kind of column switching/offline regeneration procedure.  Once the junk is on the column, it should be removed as completely as possible, or the buildup will eventually lead to failure of the method to detect the low-level components in the higher amounts of background, or failure of the column due to higher back pressures, or shifts in retention times due to modification of the stationary phase properties.



Successful Identification of Isobaric Co-eluting 
Species by 1290/ 6540 UHD QTOF System 

Formula m/z Compound
ppm 

difference Identify by
C9H7N3S 190.0433 1a tricyclazole
C9H16ClN5 190.0667 1b propazine F1 Cl-37 123 RT difference
C14H21NO4 226.1074 2a diethofencarb F1
C14H15N3 226.1339 2b cyprodinil 117 MS difference
C15H18ClN3O 294.1181 3a cyproconazole Cl-37
C15H20ClN3O 294.1368 3b paclobutrazol 63 MS difference
C13H11Cl2F4N3O 372.0288 4a tetraconazole
C21H13N3O4 372.0979 4b Azoxystrobin-F1 186 MS difference

June 2009 

ASMS 2009 UHPLC 6540 QTOF lunch and learn 
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Complex sample challenge: 
Insufficient chromatographic or mass spectrometry  
resolution for these isobaric coeluting species (ICS) 

Presenter
Presentation Notes
Final answer:  all eight compounds in the four “bad actor” pairs were identified using the system.  One pair are most easily distinguished using retention time differences, and the other three pairs more easily distinguished using the differences in mass accuracy and isotopic pattern information.



SUMMARY 
Modern Tof and Q-Tof instruments offers... 
 
• High resolving power and accurate mass for selective and 

sensitive quantification 

• No need to setup MRM transitions 

• No need to decide upfront what to detect 

• Excellent linearity over 3-3.5 orders of magnituide 

• Possibility to build accurate mass MS/MS libraries 

• Modern Tof/Q-Tof´s are easy to operate 

• Modern Tof/Q-Tof´s are stable and reliable 

• Still sensitivity gap to QQQ systems (10-20 times) 
 



MassHunter Software 



MassHunter Workstation 
Future proof with support of Windows 7 (64-bit) 

• New and updated components (Feb-2011) 
• MassHunter Acquisition for QQQ B.04.01 
• MassHunter Acquisition for TOF/Q-TOF B.04.00  
• MassHunter Qualitative Analysis B.04.00 
• MassHunter BioConfirm B.04.00 
• MassHunter PCDL Manager B.04.00 
• MassHunter Forensics/Tox PCD B.04.00 
• MassHunter Forensics/Tox PCDL B.04.00 (Broecker, Herre & Pragst) 
• MassHunter METLIN AMRT PCD B.04.00 - NEW  
• MassHunter METLIN PCDL B.04.00 - NEW 
• MassHunter Pesticide PCD B.04.00 

• All run on Win 7 64-bit (in 32-bit mode), supports Excel 2010 
• Future proof your analytical instrument software NOW 
• Prepare for future native 64-bit versions of MassHunter Qual and Quant 
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• Prepare for future native 64-bit versions of MassHunter Qual and Quant 

 



Agilent Personal Compound Database 
Food Safety Screening, Metabolomics, Forensics  
 

• Endogenous metabolite database (METLIN) ~45.000 compounds including lipids 
• Pesticide database (1600 pesticides) 
• Forensic, toxicology, pharmaceutical database (7000 compounds) 
• Create your own compound database 
Public Metlin: www.metlin.scripps.edu 
 
 

monoisotopic 
mass 

Isotope spacing 

Isotope distribution 

Scoring based on 

Accurate mass and optional RT databases (AMRT) 

http://www.metlin.scripps.edu/


MassHunter PCDL Manager B.04.00 
Create/edit customized local PCDs and PCDLs 

• Personal Compound Database and Libraries (PCDLs) for accurate mass 
database and MS/MS library search with optional retention time 

• Add compounds, AM MS info, RT info and AM MS/MS spectra at multiple collision energies 
using the new PCDL Manager software 

• Use create and edit PCDs and PCDLs on your personal PC (keep proprietary data in house!) 

SUPPORTS: 
METLIN AMRT PCD B.04.00 
METLIN AMRT PCDL B.04.00 
For/Tox AM PCD B.04.00 
For/Tox AM PCDL B.04.00 
Pesticide AM PCD B.04.00 

=> The most 
comprehensive 
offering of 
content PCDs 
and PCDLs 
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Forensics/Tox Accurate Mass PCDL 
“Broecker, Herre & Pragst” – MS/MS spectra for 2600 Cmpds 

Extract MS/MS 
Spectra when 
running MFE 

Identification via 
accurate mass 
MS/MS Lib Search 

Page 39 

• The Forensics/Tox accurate mass PCD contains 7500 compounds 
• New Forensics/Tox accurate mass PCDL contains 7900 MS/MS spectra 

for over 2600 compounds from 3 collision energies mostly in positive mode. 
• The first commercially available accurate mass MS/MS library! 



New METLIN AMRT PCD and PCDL B.04.00 
MS/MS spectra for > 2300 endogenous metabolites  ! 

• Now contains ~ 45.000 endogenous metabolites 
• New METLIN AMRT PCD added retention times for 700 compounds 

on a RP column. Additional RTs on a hydrophilic column in progress. 
• New METLIN AMRT PCDL contains MS/MS spectra from over 4.600 compounds 

from up to 4 collision energies in positive and/or negative mode (~ 27.000 spectra total) 
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MassHunter Workstation B.04.00 for TOF/Q-TOF 
Confident Screening + ID in Food and Environment 
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• Targeted Workflow 
• Highest productivity via automatic Finding, identifying and 

confirming targeted compounds via Find by Formula using 
accurate mass MS info 

• Easily create a Personal Compound Database and Library 
(PCDL) from targeted compounds via new PCDL Manager 

• Confirm identity via accurate mass MS/MS spectra library 
search in a PCDL via new Directed MS/MS in the first run! 

• Untargeted Workflow 
• Highest productivity via automatic extraction of accurate 

mass MS and MS/MS info via new Find by MFE with 
MS/MS spectral extraction from Auto MS/MS data files. 

• Automatically conduct a PCDL search and Molecular 
Formula Generation using MS and (!) MS/MS information 

• Highest confidence via new combined scoring and viewing 
of results from AM DB search, AM library search and MFG. 

 
 

 
 

Sample (Waters, Extracts, …) 

Cmpds identified 
via AM MS 

Find by Formula 

Directed MS/MS 

MH data file 

Compound AM 
MS/MS spectra 

PCD(L) Search 

Auto MS/MS 

MH data file 

Cmpds confirmed 
via AM MS/MS 

Print Report 

Find by MFE + 
MS/MS extraction 

Compounds with 
AM MS/MS spectra 

Find by MFE + 
MS/MS extraction PCD(L) Search 

Cmpds identified 
via AM MS+MS/MS 

Identification of 
true unknowns 

Report 

MFG 

Similarity 
Search 

Report 

Print Report 



6550 iFunnel Q-TOF 
LC/MS System 

   
ASMS 2010 

 Sensitivity 
 

• Dramatically improved quantitative capabilities 
• New Qual/Quan Workflows 
• Non-targeted compound screening 

 
 Comprehensive Performance Enhancements 
 

• Mass Resolution >40,000 
• 50 spectra /sec MS and 33 spectra/sec MS/MS 
• 5 orders of linear dynamic range 
• <1 ppm MS mass accuracy; <2 ppm MS/MS 
• Unrivalled sensitivity 

 

  

New 6550 iFunnel QTOF 
10X Sensitivity Gain Enables Applications 
 

Presenter
Presentation Notes
The 6550 iFunnel QTOF leads the industry in sensitivity performance and will be very impactful in enabling many different applications which need increased detection levels.   These applications now include both simultaneous quantitative and qualitative analysis since the 6550 sensitivity enhancements approach levels previously addressed by QQQ technology.    More on the target applications in the next slide.The 6550 QTOF generates the 10 fold gain in sensitivity to low femtogram levels while doubling in acquisition speed to over 50 spectra/ sec.    At the same time we see other strong performance attributes of previous 6540 QTOF maintained at  sub ppm mass accuracy and  40K mass resolution performance.    



iFunnel Technology Captures 6x  More Ions  

    Agilent Jet Stream 
 

• Thermal confinement of 
ESI plume 

• Efficient  desolvation to 
create gas phase ions 

• Creates an ion rich zone 
 

  

    Hexabore Capillary 
 

• Samples 6 times more 
ion rich gas from the 
source with 6 capillaries 

• Captures the majority of 
the gas from the source 
region 

  

   Dual Ion Funnel 
 

• Removes the gas but 
captures the ions 

• Removes neutral noise 
• Extends turbo pump life 

 
 

  

March 28, 
2012 
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Agilent Jet Stream 
Thermal Gradient Focusing Technology 

Dramatic Sensitivity Gains for        
Premium TOF, Q-TOF, and Triple Quad   

Ions Focused in a Collimated           
Thermal Confinement Zone 

Improved Ionization Efficiency and 
Sampling  

Effective Across a Broad Range of 
Analyte Classes, including many 
APCI compounds 

Presenter
Presentation Notes
KEY POINTS>5 X gains in sensitivity for QTOF and Triple QuadIon sampling efficiency increased to enable the mass spec to capture more than 1% of the analyte ionsEfficient for compounds of both polarities and varying hydrophobicities



High 
Pressure 
Stage 1 

Low 
Pressure  
Stage 2 

Line of 
Sight 

Two Stage Ion Funnel Manages the Gas Load 

Stage 1 
8-12 Torr 

Stage 2 
1-3 Torr 

Offset ion funnels to prevent neutrals from going straight through to MS 

March 28, 
2012 
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Ion Funnel Operation 

RF Drive RF Voltage 
focuses the ions 
to the center. 

DC Voltage 
accelerates the 
ions to the exit. DC Drive 

Unfocused 
Ions and Gas 
Enter  

Focused 
Ions Out  

March 28, 
2012 
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Ion Funnel Construction 
Previously,  many metal plates  made cleaning 
a priority because of the large, active surface area… 
The high capacitance also required larger power  
supplies to provide RF power 

The 6490 design uses printed circuit board technology 
giving a greatly reduces surface area.  This low 

capacitance enables the use of small power supplies, and 
enables fast polarity switching 

Gold Plated 
Rim 

March 28, 
2012 
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Simple and Easy Ion Funnel Cleaning Procedure 

 

• As with all LC/MS systems routine 
cleaning is necessary periodically. 

• The high pressure ion funnel should be 
cleaned periodically, although this could 
vary from 3 months to 1 year depending 
on the quantity and type of samples 

• The high pressure ion funnel is easily 
removed 

•  Clean by sonicating the ion funnel 
assembly in 100% isopropanol for 15 
minutes. 



Dramatically Improving Detection Levels for 
Non-Targeted Screening 
10 ppb Detection of Low Response Compounds 
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Cpd 368: Avermectin B1a: +ESI EIC(873.4995, 874.5029, 895.4814, 896.4848) Scan Frag=365.0V Pepper_Spike_2.d 

9.012
7.453

8.372
3.537

4.932
6.594

9.3462.853 8.033
5.418

4.045
7.021

10.1445.123 5.927
3.280

0.495

2.295
0.731

1.256

1
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European Reference Lab for 
Pesticides 
 
• 15% of tested pesticides have 
detection limits between 20 ppb to 100 
ppb 
 

• International actionable level is 10 
ppb 
 

• Challenge: Detect low responding 
compounds at <10 ppb using 6550 
iFunnel QTOF 
 

 
 

Chromatograms of 300 pesticides spiked in 
pepper extract at conc.10 ug/kg (10 ppb) 

Presenter
Presentation Notes
Non-targeted screening of pesticides in food at 10 ppb Typically pesticide analysis is done in targeted mode with triple quad instruments. The target list is growing and currently has more than 170,000 pesticide-food combinations that need to be monitored. Q-TOF screening approach is an ideal solution as it enables detection of unknown and unexpected compounds in a single run, and provides the possibility of retrospective inspection on samples that have been previously analyzed.  In the EURL project, 15% of the pesticides tested had poor limits of detection (LOD) which did not meet the international action level of 10 ppb of pesticide residues. 



6550 Linearity and Precision for Fluazifop-butyl 
 

Fluazifop-p-butyl - 8 Levels, 7 Levels Used, 8 Points, 7 Points Used, 0 QCs

Concentration (ng/ml)
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y = 89278.335723 * x  - 10213.428054R^2 = 0.99997214Type:Linear, Origin:Ignore, Weight:None

• Pepper matrix 
• Linearity= 0.9999 
• Limit of detection < 1 ppb 
• 3.5 orders dynamic range 

0.01 ng/mL to 55 ng/mL 

Successfully Detected in Pepper at 1 ppb 

Presenter
Presentation Notes
One of the compounds which made difficulties in pepper matrix with the former method is fluazifop-p-butyl. By using the 6550 it can be detected below 1 ppb in pepper and below 0.01 ng/ml in the solvent standard. This allows even the dilution of the extract to minimize matrix effects – an approach which has been used on highly sensitive QQQ instruments but not yet with a TOF or QTOF instrument.
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Cpd 311: Fluazifop-butyl: +ESI EIC(384.1417, 406.1237) Scan Frag=365.0V Pepper_Spike_2.d 

9.291

Counts vs. Acquisition Time (min)

7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10 10.1 10.2 10.3 10.4 10.5 10.6 10.7

Dramatic Increase in Pesticide Detection 
Over 10 Fold Gain in Detection for Fluazifop-butyl 

S/N 1158 
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Cpd 32: Fluazifop-butyl: +ESI Scan (9.275-9.329 min, 11 Scans) Frag=365.0V Pepper_Spike_2.d 

384.1415(M+H)+ 

385.1454(M+H)+ 

386 1495(M+H)+ 

Counts vs. Mass-to-Charge (m/z)

382 383 384 385 386 387 388

Mass error ~0.5 
ppm 
Score 98 

Extracted Ion 
Chromatogram for 
fluazifop-butyl at 10 ppb 

MS spectrum of fluazifop-butyl 

Presenter
Presentation Notes
This slide shows the compound chromatogram of fluazifop-p-butyl in pepper matrix at the maximum residue limit (MRL) with excellent S/N ratio (greater than 1000 RMS) and an excellent scoring.   MS spectrum has a mass error below 0.5 ppm and 3 additional isotope signals have been detected which allows unequivocal identification of the compound according to the SANCO guidelines (SANCO/10684/2009 – Method validation and quality control procedures for pesticide residues in food and feed).



Compound Detection Below 10 ppb 
 

Pepper Pepper Orange Orange 
Compound 6530 6550 6530 6550 

Chlorfluazuron         

Cymoxanil         

Diuron         

Fluazifop-butyl 

Fluroxypr         

Propaquizafop         

Quizalofop-ethyl         

Rotenone         

Bromacil 

Fenproximate 

Tribenuron 

Aldoxicarb 

85% of all 
pesticides 
successfully 
detected by 6530 
QTOF in tomato, 
pepper, leek, 
orange matrices 

Presenter
Presentation Notes
This table represents results of many different compounds detected by both 6530 and 6550 QTOF.   Red indicates insufficient quality of data to make accurate identification at 10 ppb level.   Green indicates successful identification at 10 ppb level.   As shown here, the majority of the lower responding pesticides were successfully detected at 10 ppb level or lower using 6550 QTOF.This slide shows that by adding more sensitivity both peak areas increase and the ion statistics  improved when the compound peak comes out of the background noise. This results in better mass accuracy and more isotope signals while maintaining the resolution. This results in a more reliable identification  and less false positives and negatives.



THANK YOU!  
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