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USA The detectability of compounds in a complex matrix is significantly improved with
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improved selectivity versus the background.
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AMDIS automatically to generate an easy-to-read quantitation report.
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Introduction

Instrument detectability is usually determined by the amount
of sample injected, the responses from the detector and
matrix interferences. The signal-to-noise ratio (S/N) can be
used to gauge the sensitivity of an instrument in a clean sam-
ple. The presence of matrix alters this sensitivity due to a lack
of selectivity between compounds of interest and back-
ground.

In a multiresidue analysis, the data reviewing process is also
very important in confirming the hits found by the software
and reviewing the integration and quantitation for accuracy.

Agilent Deconvolution Reporting Software (DRS) has been
proven as a powerful data processing tool for finding trace
compounds in complex matrices [1]. In this study, results
from the Automated Mass spectral Deconvolution and
Identification System (AMDIS), part of DRS is closely studied
and compared to the results from ChemStation. The goal is to
determine if deconvolution (DRS) can provide better results
(detectability) than routine ChemStation data processing.

Experimental

Spinach extracts (see Acknowledgement) were prepared
using the QUEChERS [2, 3] protocol shown below:

15 g homogenized sample + 15 mL ACN + internal standard

\

| Add 1.5 g NaCl and 6.0 g MgSO,

Y

| Shake and centrifuge

\i

Transfer 9 mL extract to tube containing 0.4 g PSA + 0.2 g GCB
+1.2 ¢ MgS0, and vortex

Y

| Add 3 mL toluene

'

| Shake and centrifuge

:

Reduce 6 mL to ~100 pL
Add 1.0 mL toluene + QC standard + MgS0, and centrifuge

Y

| Transfer to ALS vials for GC-MS analysis

Thirty-five pesticides were spiked into spinach extract at
50 ppb (pg/pl).

Instrument parameters
GC: 7890A

7693A
2 m x 0.25 mm id Siltek capillary tubing

Autoinjector:
Retention gap:

Column: HP-5MS Ul (ultra inert), 15 m x 0.25 mm, 0.25 pm
(from inlet to Purged Union) Agilent p/n 19091S-431 Ul
Oven ramp: Rate (°C/min)  Temp (°C)  Time (min)
Initial 100 1.6
Ramp 1 50 150 0
Ramp 2 6 200 0
Ramp 1 16 280 5
Run time: 20.933 min
Inlet: Multimode Inlet (MMI) at 17.73 psi (Retention Time
Locked), constant pressure mode
RT locking: Chlorpyrifos-methyl locked to 8.297 min
Liner: Helix double taper, deactivated (Agilent p/n 5188-5398)
Injection mode:  2-pL cold splitless (fast injection)
Inlet temp. ramp: Rate °C/min Temp °C Time min
Initial 50 0.01
Ramp 1 720 300 hold
Septum purge: 3 mL/min
Purged Union: 4 psi (PCM)

Split vent: 50 mL/min at 0.75 min

Gas saver: 20 mL/min after 4 min

Cryo on: Cryo use temperature 150 °C; time out at 15 min

Backflush

Postrun: 5 min

Oven: 280 °C

Purged Union: 70 psi

MMI: 2 psi

Restrictor: 0.7 m x 0.15 mm deactivated fused silica tubing
(from Purged Union to MSD)

MSD: 5975C

Solvent delay: 2.5 min

EMV mode: Gain Factor = 2
Mass Range: Full scan, 45-550
Threshold: 0

Sample number: 2 A/D Samples 4
Transfer Line: 280 °C

Source: 300 °C

Quad: 200 °C
Deconvolution

Deconvolution is a process for extracting ions from a complex
total ion chromatogram (TIC), even with the target compound
signal at trace levels. The software used for this technique is
AMDIS developed by NIST (National Institute of Standards
and Technology) [4].



As a review, let's look at the deconvolution process. AMDIS lon 160 EIC has the same RT as ions 50, 170 and 280, but has
considers the peak shapes of all extracted ions and their apex a different peak shape. lon 185 has a different peak shape and
retention times (RT). In this example, only some of the an earlier RT. lons 75 and 310 have similar peak shapes but
extracted ion chromatograms (EICs) are overlaid for clarity they have different RTs.

with the apex spectrum (Figure 1A).
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Figure 1B shows the EICs after the different peak shapes or RTs are eliminated from Figure 1A. lons 50, 170, 280 and a few others remain.
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Figure 1A-1C.  Simplified deconvolution process (continued).



grouped together and referred to as a component by AMDIS.

Figure 1C

170

Figure 1C shows all of the ions in black that have similar peak shapes and RTs, within the criteria set earlier by the analyst. These are

280

Extracted lon
Chromatograms

(EIC) -—A-m

These
deconvoluted ions
are grouped
togetheras a
component

Figure TA-1C. Simplified deconvolution process (continued).

Deconvolution finds the components from a complex TIC.
Each component is searched against a retention time locking
(RTL) library in AMDIS format. In addition to spectral match-
ing. the locked RT can also be used as a criterion for hits.
Depending on the match factor from the search, target com-
pounds can be identified or flagged in a complex TIC. The
power of deconvolution is appreciated while comparing the
top two spectra in Figure 2. The raw scan or original nonde-
convoluted scan is shown on top. The clean scan, that is the

deconvoluted component, is shown in the middle. The bottom
scan is the identified compound in the AMDIS library.
Without deconvolution, the analyst would visually compare
the background subtracted raw scan and library scans for
confirmation. It would be very difficult, if not impossible, to
say that Fenbuconazole, the target compound in this example,
is present using that type of comparison.
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Figure 2. Comparison of raw, deconvoluted, and library spectra.




AMDIS Settings shape requirements) are compared to find the maximum num-
ber of spiked compounds. The minimum match factor is set to
30 and the retention time window is limited to + 30 seconds
(Rl'window is set to 30) to qualify the hits from the retention
time library search (Figure 3). The expected retention times of
the compounds in the library database are obtained in ace-

Previous publications that discussed the power of using
deconvolution to screen complex matrices, did not discuss
specific AMDIS settings to define components [1, 5, 6]. In this
study, several settings (that is, resolution, sensitivity, and

Analysis Settings tone solvent without a retention gap. The samples in this
o ! : . ' . study are in toluene solvent with a retention gap. Therefore,
|dentif. | Instr. | Decanw. | Libr. | QA/AC| Scan Sets | the retention time window is set wider than the normal 10 or
ERE| (i o fleettar 15 seconds, at £ 30 seconds.
[ Multiple identifications per compaound
[ Show standards [ Only reverse search
Type of analysis: |L|$e Retention Index Data j

Al window: (30 + |0 « 001 Rl

b atch factor penalties

Level ||nfinite »| 100 Maximum penalty
10 Mo Rl inlibramy

Savegs...| Cancel | Drefault | Help |

Figure 3. AMDIS identification settings.



Figures 4 and 5 describe some of the parameters in the
AMDIS deconvolution tab. In this article, "1 M H M" means:
adjacent peak subtraction = 1, resolution = medium, sensitivi-
ty = high, shape requirements = medium.

Settings can be optimized for chromatographic resolution,
peak shape, retention time windows, acceptance criteria, and
so forth. Settings can be saved to "ini" files. The chemist has
control over the deconvolution and identification process by
varying numerous AMDIS settings. Most of these parameter
settings are not independent; so changing one parameter can
affect another.

Analysis Settings

\dentif. | Instr.  Deconw. | Libr. | GA/GC | Scan Sets |

20 Companent width |

| Assumed component width in scans.

Increase this if all peaks are wider.

Shape requirements:

b ediuim -

A, | Cancel | Default | Help |

» If the box is checked, masses entered here will
not be used as models but can still be included in
a component.

A closely eluting large ion will be subtracted to
allow more models to be considered. “None”
yields the fastest processing and “Two” the
slowest.

[ Omit mdz
Adjacent peak sublraction: Qe -
Resolution: | High 5 T
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Figure 4. AMDIS deconvolution settings.
Analysis Settings
Identif. | Instr.  Deconv. | Libr. | DA/OC | Sean Sets |

20 Compaonent width

[ Omit mz

Adjacent peak. subtraction:

R ezalution:

Senzitivity: | High - L

Fd edium -

Shape requirements:

Save gs...| Cancel | Default | Help |

Higher “Resolution” will separate closer eluting
peaks to find more components and thus runs
slower

Higher “Sensitivity” will find smaller, noisier com-

/ ponents but may result in more false positives and
runs slower

Higher “Shape requirements” requires that EICs
have exactly the same shape, thus resulting in
fewer components found and more “uncertain”
peaks present.

Figure 5. AMDIS deconvolution settings.



Results and Discussion

Deconvolution Settings

Figure 6 shows effects on match factors (y-axis) due to varia-
tion of adjacent peak subtraction and sensitivity across
35 pesticides (x-axis). This figure shows two things:

— The adjacent peak subtraction (1 or 2) makes little
difference in match factor

— The sensitivity setting (very high and high) makes little
difference in match factor

In the next few figures, the AMDIS setting is varied one at a
time to observe the number of pesticides found. The refer-
ence point is the optimal setting (HHM) where the maximum
number of hits were obtained.

Match Factor

"THVHM
"2HVHM
"THHM
#2HHM

Pesticide

Figure 6. Comparison of match factors with four AMDIS settings.

Figure 7 shows that keeping the sensitivity and peak require-
ments the same, and lowering the resolution from H to M will
find fewer targets. The number of targets found is in the yel-
low circle. A resolution setting of "low" yields even fewer
targets.

H
M

Figure 7. Number of compounds found by varying resolution.



Figure 8 shows that while keeping the resolution and peak
requirement constant, lowering the sensitivity from H to M
will find fewer targets. However, increasing the sensitivity
from H to VH does not affect the number of targets found,
similar to that in Figure 6.

Figure 9 shows that while keeping the resolution and sensitiv-

ity the same, lowering or increasing the peak shape require-
ment from M to L or H will find less targets.
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Figure 8. Number of compounds found by varying sensitivity.
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Figure 9.

Number of compounds found by varying peak shape.

In addition to the number of targets found, we should look at
the Average Match Factor (AMF) of all the targets found. The
AMF is the number in the green triangle. Figure 10 shows
that there is no significant variation in AMFs except in HHH
mode (58.5) which is much lower than others (>61.6). This
supports that HHM is still the optimal setting, considering
processing speed and number of false positives.
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Figure 10. Comparison of average match factors with AMDIS settings.

ChemStation Quant settings

Figure 11 shows part of the "Edit Compound" screen in the
MSD ChemStation. This shows the quant database for locat-
ing and confirming compounds using three ion ratios of each
target analyte. The RT window is specified in the upper box
and the ions and ion ratios are specified in the lower box.

As shown in Figure 11, the Extraction RT window is set to
+ 0.5 min and the Qualifier lon (Q1, Q2, and Q3), %
Uncertainty is set to Absolute 50%. In ChemStation, the

Identification |Ca|ibraﬁon I User Defined I Advanced l Repo

Name | Terbufos (

—Signals to Be Used for Quantitation

RetTime |6.898 RRT |0.000
Extract signals from
- Joso  + o500 FMn %
Thisis | 6.398 to |7.398 minutes
Quant signal  |Target Ion | % Uncertainty
Relative

mfz Response |ADs il
Tgt [23.00 | 100.00
o1 [s57.00  [8300  |50.00
Q2 [w300 [28.30  |50.00
Q3 [153.00 [2480  [50.00

Figure 11. Target compound RT and ion setup.




target compound identification is based on four ions and three
qualifier ion ratios. However, the target compound identifica-

tion in AMDIS (Figure 2) was based on the full spectral library
match which is more dependable.

Another key parameter in quantitation is the "Quantitation
subtraction method" which is set to "Avg first and last" and
not shown here.

Figure 12 is an overlay of four ions (Quant and Qualifiers) from
ChemStation and the quant ion from AMDIS (in magenta).

Due to the chemical background, the four ions from
ChemStation have offset and noisy baselines, which will
affect the peak integration and proper quantitation results.

In comparison, the magenta trace is the deconvoluted quant
ion from AMDIS. The chemical noise had been removed in the
deconvolution process. It shows a flat baseline and accurate
integration. There are other advantages of using deconvolu-
tion in GC/MS analysis as discussed below.
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Figure 12. Target, qualifier and AMDIS deconvoluted EIC overlay.



Additional Advantages of Using Deconvolution
Finds more compounds than ChemStation does

In Figure 13, ChemStation did not integrate ion 109
(ChemStation target ion) at the expected RT, therefore, the
compound was not found. AMDIS found Fonofos correctly, at
6.898 min. The qualifier ion ratios at this RT also match that
required by ChemStation for identification.

9000+

7 lon 109
8000+

| lon 246
7000 lon 137

lon 110
AMDIS

6.76 6.78 6.80 6.82 6.84 6.86 6.88 6.90 6.92 6.94 6.96 6.98
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6.944 min (-6.944) 0.00 AMDIS: 0.08

response 0 AMDIS: 70868
lon Exp% Act%

109.00 100 0.00

246.00 59.00 0.00#

137.00 54.60 0.00#

110.00 24.20 0.00

Figure 13. Target, qualifier and AMDIS deconvoluted EIC overlay.



Finds the correct peak

In Figure 14, from the size and location of the three qualifier
ions, it is obvious that ChemStation picked the wrong peak
(at RT = 4.067) to quantitate. However, AMDIS found a peak
(at RT = 3.873) whose ion ratios are in agreement with the
ChemStation qualifier ions. Again, this demonstrates that the
AMDIS full-spectrum matching process is a more robust
approach for identifing a compound in a complex matrix.
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Figure 14. Target, qualifier and AMDIS deconvoluted EIC overlay.



Higher discrimination power than ChemStation

In Figure 15, the target ion (ion 235) is overwhelmed by the
matrix background (shown as a large fronting peak).
ChemStation was not able to differentiate the ion 235 contri-
bution from the background or the compound; therefore it

integrated the distorted peak. Due to the rising baseline,
ChemStation integrated a large area of chemical background
as the "target compound signal”. On the other hand, AMDIS
was able to deconvolute the compound signal away from the
background ion and remove noise properly before the integra-
tion. This provides a more reliable quant result.

12.234

12.234

lon 235
lon 237
lon 165
lon 199
AMDIS

11.60 11.80 12.00 12.20

12.40 12.60 12.80 13.00

Figure 15. Target, qualifier and AMDIS deconvoluted EIC overlay.

Deconvoluted ion is noise-free, thus easier to integrate for
more reliable quantitation results

In Figure 16, ChemStation and AMDIS found the same peak.
Due to the noisy baseline, ChemStation drew the integration

baseline (red dash line) incorrectly. Again, deconvolution
removes chemical noise first, and can therefore, integrate the
peak easily and reliably.
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Figure 16. Target, qualifier and AMDIS deconvoluted EIC overlay.



Agilent’s ChemStation add-on - Deconvolution Reporting
Software (DRS) incorporates AMDIS deconvolution.
Therefore, the above AMDIS advantages are automatically
captured in DRS data processing which combines results
from ChemStation, AMDIS, and NIST MS Search into one
report.

Comparing number of compounds found between
ChemStation and AMDIS

Figure 17 is a summary of the hits from ChemStation and
AMDIS under four different settings, respectively. The blue
bars represent the number of false positives and the red bars
represent the number of actual target compounds found. On
the left side of the graph, the settings of ChemStation are lon

Ratio Uncertainty. Although the absolute 30% and 50%
increase the total number of compounds found, only about
half of the 35 targets are found. The analyst is forced to
review more hits and does not gain any additional informa-
tion. The entire target list of 900+ compounds must be
reviewed for false negatives. The right side of the graph
shows that the four AMDIS settings gave similar results. In
each case, all 35 targets were found with a reasonable num-
ber of false positives. There were no false negatives. The ana-
lyst must only review the positives, which is a significant time
savings. This shows that AMDIS (DRS) is much more capable
than ChemStation in finding target compounds in a complex
matrix. AMDIS (DRS) provides better detectability and faster
data processing.
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Figure 17. Overall comparison of AMDIS and MSD ChemStation compounds found.



Conclusions

AMDIS finds more target compounds than ChemStation in
a complex matrix. Deconvolution (DRS) provides a cleaned
peak to integrate properly giving more reliable results.

AMDIS did not miss any target compounds at the 50 ppb
level using scan data. This minimizes the time an analyst
must spend reviewing results.

Confirmation of compounds is done in significantly less
time with deconvoluted component spectra available.

The detectability of compounds in a complex matrix is sig-
nificantly improved with deconvolution. This can also be
viewed as better or increased sensitivity through improved
selectivity versus the background.

Deconvolution Reporting Software (DRS) automates the
deconvolution (AMDIS) process to produce an easy-to-
read quantitation report.

Acknowledgement

The authors would like to thank Dr. Jon Wong (FDA-CFSAN,
College Park, Maryland) for graciously provided samples for
this study.

References

1.

Christopher P. Sandy, "A Blind Study of Pesticide
Residues in Spiked and Unspiked Fruit Extracts Using
Deconvolution Reporting Software," Agilent Technologies
publication, 5989-1654EN, October 2006

M. Anastassiades, S. J. Lehotay, D. Stajnbaher, and

F. J. Schenck, "Fast and Easy Multiresidue Method
Employing Acetonitrile Extraction/Partitioning and
'Dispersive Solid-Phase Extraction' for the Determination
of Pesticide Residues in Produce,” 2003, J. AOAC Int,
86:412-431

3. S.J. Lehotay, K. Mastovska, and A.R. Lightfield, "Use of
Buffering and Other Means to Improve Results of
Problematic Pesticides in a Fast and Easy Method for
Residue Analysis of Fruits and Vegetables," 2005, J.
AOAC Int, 88:615-629

4. http://chemdata.nist.gov/mass-spc/amdis/overview. html

5. Philip L. Wylie, "Screening for 926 Pesticides and
Endocrine Disruptors by GC/MS with Deconvolution
Reporting Software and a New Pesticide Library," Agilent
Technologies publication, 5989-5076EN, April 2006

6. Chin-Kai Meng and Mike Szelewski, "Replacing Multiple
50-Minute GC and GC-MS/SIM Analyses with One 15-
Minute Full-Scan GC-MS Analysis for Nontargeted
Pesticides Screening and >10x Productivity Gain" Agilent
Technologies publication, 5989-7670EN, December 2007

For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem.



www.agilent.com/chem

Agilent shall not be liable for errors contained herein or
for incidental or consequential damages in connection
with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this
publication are subject to change without notice.

© Agilent Technologies, Inc., 2010
Printed in the USA

January 22, 2010

5990-5052EN

Agilent Technologies



