


Figure 5. TraceFinder Data Review section. The red and yellow flags indicate that there are certain issues with the compound. For example, the ion ratio may

be off or the value may be below the specified limit of detection.
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Figure 7. Report View section of TraceFinder showing quantitation results of ginseng.

Conclusion

A new software package, TraceFinder, with an extensive
menu of preconfigured methods and report formats, was
used to simplify method development for the screening of
250 pesticides in orange oil and ginseng extract. The
results from this experiment show positive confirmation of
approximately 220 pesticides in orange oil and 250
pesticides in ginseng extract based on the tolerances set in
the method for quantitation and confirmation. The
method development capabilities and Compound
Datastore of TraceFinder software allowed for the quick
creation of a method for the analysis of these compounds.
In addition, the ability to flag problematic samples in the
data review section helped to reduce the overall analysis
time by filtering out samples that did not meet predefined
criteria.
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Introduction

Analysis of has been one of the most
important tasks of food safety laboratories. Mass spec-
trometers (MS), with liquid chromatography coupled to
triple stage quadrupole mass spectrometers (LC-MSMS),
have been the main tools used in pesticide residue analysis.
There is a consensus that sample preparation is becoming
the bottleneck to the entire workflow. Traditional sample
preparation methods, usually involving liquid-liquid |
(LLE) or solid phase extraction (SPE), can be
time-consuming and labor-intensive. In addition, low
recovery, matrix interference and poor reproducibility are
among other major concerns. In recent years, a rapid pro-
cessing method, has gained popularity. The
QuEChERs method makes it easier and less expensive for
analytical chemists to examine pesticide residues in vari-
ous food matrices!. However, some reports show matrix
interference tends to be severe after QuEChERs, and the
mass spectrometer is more vulnerable to contamination by
highly complex food matrices?2.

In this study, we describe an easy, comprehensive, on-
line screening LC method using a Thermo Scientific Tran-
scend TLX-1 system powered by Thermo Scientific Turbo-
Flow technology to analyze multiple pesticide residues in
green tea extract. Figure 1 illustrates a typical Transcend™
TLX-1 system with the Thermo Scientific TSQ Access
MAX triple stage quadrupole mass spectrometer.

Figure 1. Typical layout of a Transcend TLX-1 system with
a TSQ Access MAX™ triple stage quadrupole mass spectrometer.

Goal

Develop a rapid and sensitive automated online sample
preparation LC-MS/MS method to screen for multiple
pesticides in green tea extract.

Experimental

The matrix standard curve

One gram of Chinese green tea was extracted using 10 mL
HPLC grade acetonitrile followed by 15 minutes of
ultra-sonication. The extract was then filtered through a
0.45 pm membrane filter. The resultant solution was used
to prepare the matrix calibrators and QC samples. The
matrix calibrant concentrations are 6.25 pg/L, 12.5 pg/L,
25 pg/L, 50 pg/L and 100 pg/L, respectively. The matrix
QC sample concentration is 10 pg/L.

TurboFlow™ Method Parameters

System: Transcend TLX-1 system controlled
by Thermo Scientific Aria OS 1.6.3
software

Column: TurboFlow Cyclone 0.5 x 50 mm

Injection Volume: 10 pL

Loading Solvent: 0.1% formic acid in water

Loading Flow Rate: 1.5 mL/min

Eluting Solvent: 0.1% formic acid in methanol
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HPLC Method Parameters

Analytical Column: ~ Thermo Scientific Hypersil GOLD
2.1 x 100 mm, 3 pm

0.1% formic acid in water

0.1% formic acid in methanol

Solvent A:
Solvent B:

Mass Spectrometer Parameters

MS: TSQ Quantum Access MAX
MS Ionization Source: Heated Electrospray Ioniza-

tion (H-ESI)

Ion Polarity: Positive ion mode
Spray Voltage: 2 KV

Sheath Gas Pressure (N,): 30 arbitrary units
Auxiliary Gas Pressure (N,): 15 arbitrary units

Vaporizer Temperature: 300 °C
Capillary Temperature: 300 °C
Collision Gas Pressure: 1.5 mTorr

Figure 2. TurboFlow method schematic as viewed in the Aria OS software.

Results and Discussion

The Extraction and Separation of 30 Pesticide Residues

In 2006, Japan released the most stringent pesticide-
related regulation in history entitled “Positive List System
for Agricultural Chemical Residues in Foods™3. Since
Japan is China’s major tea importer, the limits discussed
in the current study follow this regulation. As described in
the Experimental section, the tea matrix standard samples
are 6.25 pg/L, 12.5 pg/L, 25 pg/L, 50 pg/L and 100 pg/L,
respectively. The matrix QC samples are 10 pg/L.
Figure 3 shows the representative chromatograms at
6.25 pg/L, which has been determined as the lower limit
of quantitation (LLOQ). The data demonstrate that
30 pesticides were well separated with good peak shape.
The peaks’ signal to noise ratios are far greater than the
required 10:1 at the LLOQ. Table 1 shows the linear
curve for these 30 analytes. All R2 values are between
0.993-0.999. The relative standard deviation (RSD) for
6 consecutive injections of 6.25 pg/L calibrator was in the
range of 2.85% -7.48%.

Background Reduction Effects using TurboFlow Technology

By using the Transcend TLX system with TurboFlow
technology, the background noise and interference peaks
are reduced significantly. Figure 4 compares chromato-
grams of Clomazone at 6.25 pg/L in tea extract using stan-
dard HPLC (top) and the TurboFlow method (bottom).
The left panel (A-1 and B-1) shows the primary transition
of m/z 240 > 125. The right panel (A-2 and B-2) shows
the secondary transition of m/z 240 > 89. It clearly shows
the effectiveness of background reduction using TurboFlow
technology while the signal to noise ratio increased by 3
and 4 times for m/z 125 and 89 transitions, respectively.
The area responses of both peaks also increase by more
than 50% due to the minimization of ion suppression
incurred by matrix. We also noticed the mass spectrometry
response become more stable across the entire tested con-
centration range, thus improving the method reliability.

A Simple Method Optimization Process

During TurboFlow method development, the sample
loading condition, elution solvents and many other
parameters may need to be optimized. Aria™ OS 1.6.3
operation software for Transcend systems offers a method
variable function. By utilizing this unique tool, different
parameters can be easily tried using the same method in a
single batch. For example, in this study, one of the critical
steps was to find the optimal solvent content in the transfer
loop to elute the target analytes completely from the
TurboFlow column without introducing unnecessarily high
organic solvent into the analytical column. We compared
5 different concentration ratios of 0.1% formic acid in
acetonitrile to 0.1% formic acid in water (10:90, 30:70,
50:50, 70:30 and 90:10). The results indicated that with
the increase of organic content, the target compounds were
more completely washed off from TurboFlow column.
However, once the organic concentration reached 50%,
the elution strength was approaching a balance. Therefore,
we chose 50:50 as the optimal elution ratio of organic to
aqueous solvent in the transfer loop. Another example
of method optimization appears in Figure 5, showing the
effects of the loading flow rate on Dimethametryn’s elution
peak shape. All these tests were done in just one sample
batch without writing multiple methods, which simplified
the method development process and improved method
reliability.

The Comparison of TurboFlow Technology with Two of the Most
Popular Pesticides Sample Preparation Methods

As shown in Figure 6, we compared a TurboFlow
method and two currently popular methods for pesticide
residue sample preparation, SPE and QuEChERs. A typical
SPE method involves equilibrating the cartridge, load-
ing, washing and eluting analytes. It usually takes about
1 week to process 100 samples. Although QUEChERs was
designed to simplify sample preparation, it still requires
two-step centrifugation and concentration. A few days are
typically required to prepare 100 samples with
QuEChERs. TurboFlow technology minimizes preparation
of 100 samples to less than 3 hours, dramatically improv-
ing the efficiency and throughput of this routine lab test.



Table 1: Standard curve linearity and QC results for the 30 pesticides in tea extract.

Parention  Product ion Collision CV% (n =6)
Compound RT (min) (m/z) (m/z) Energy (V) Linear Curve R? QC=10pg/L
Prometon 482 226.0 184.0 20 Y=167343+396533X 0.999 2.99%
1421 27
Ametryn 5.07 228.0 186.0 26 Y=83264.1+194461X 0.999 2.85%
96.0 34
Dimethametryn ~ 5.68 256.1 186.1 21 Y=166875+605055X 0.999 3.29%
158.1 27
Mefenoxam 579 280.0 220.0 17 Y=460109+272420X 0.998 4.23%
192.0 20
Monolinuron 5.85 215.0 126.0 17 Y=-10985.6+18335.3X  0.998 6.51%
99.0 36
Isoprocarb 5.94 194.0 95.0 16 Y=-18662+12428.2X 0.999 6.43%
137.0 "
Dimethachlor 6.01 256.0 224.0 15 Y=-23531.9+96341.3X 0.997 5.53%
148.0 28
Clomazone 6.05 240.0 125.0 20 Y=-434475+42181.6X  0.998 6.37%
89.0 37
Furalaxyl 6.21 302.0 2420 15 Y=358101+267257X 0.998 4.85%
270.0 10
Azoxystrobin 6.33 404.0 372.0 15 Y=538988+377945X 0.997 4.00%
329.0 33
Triadimefon 6.39 294.0 197.0 19 Y=-20167.4+16685.8X 0.997 7.31%
225.0 19
Ethoprophos 6.41 243.0 131.0 21 Y=-13814+14313.8X 0.997 7.48%
97.0 33
Iprobenfos 6.52 289.0 205.0 12 Y=53008.6+137376X 0.999 6.28%
91.0 23
Isoprothiolane  6.57 291.0 189.0 22 Y=123106+87284X 0.998 6.00%
231.0 12
Flutolanil 6.60 324.0 242.0 26 Y=6077+47866X 0.998 6.56%
262.0 18
Propiconazole 6.65 3420 159.0 30 Y=-17113.2+36428.7X 0.997 6.74%
69.0 31
Benalaxyl 6.78 326.0 148.0 25 Y=172291+126493X 0.997 5.92%
208.0 20
Pirimiphos-methyl 6.81 306.0 164.0 22 Y=227752+204491X 0.994 4.73%
108.0 33
Picoxystrobin 6.82 368.0 1451 22 Y=320093+78661.3X 0.993 4.03%
205.0 7
Diazinon 6.90 305.0 169.0 24 Y=182248+386247X 0.998 4.96%
153.0 26
Thiazopyr 6.95 397.0 335.0 30 Y=-5052.12+18434.8X  0.997 6.47%
275.0 40
Piperophos 7.09 354.0 171.0 25 Y=142671+143459X 0.996 4.68%
143.0 33
Trifloxystrobin 7.13 409.0 186.0 21 Y=-18755.2+43150.6X 0.998 6.22%
206.0 16
Tebufenpyrad 7.16 334.0 145.0 28 Y=-3267.09+9390.51X  0.998 7.01%
117.0 36
Piperonyl butoxide 7.25 356.0 177.0 13 Y=-300922+175066X 0.996 4.16%
119.0 33
Pyriproxyfen 7.34 3220 96.0 16 Y=-19160.9+56881.6X 0.999 4.73%
185.2 27
Tralkoxydim 7.39 330.0 284.0 15 Y=-8119.47+46536.4X 0.997 5.01%
138.0 20
Fenazaquin 7.55 307.0 161.0 18 Y=-56587.3+97365.3X 0.998 2.76%
57.0 23
Butralin 7.58 296.0 240.0 15 Y=-2485.92+25777.9X 0.998 4.72%
222.0 20
DEF 7.85 315.0 169.0 15 Y=-8658.91+7992.12X 0.998 3.89%

113.0 25
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Figure 3. Selected ion chromatograms at LLOQ of 6.25 pg/L for all 30 analytes (same as the order in Table 1).
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Figure 4: Comparison of chromatograms of Clomazone at 6.25 pg/L in tea extract using standard HPLC (top) and the TurboFlow method (bottom).

Figure 5. Effect of the loading flow rate on Dimethametryn’s elution peak shape.
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Figure 6. Comparison of the TurboFlow method to SPE and QUEChERs.

Conclusion

A quick, automated online sample preparation
LC-MS/MS method has been developed that is sensitive
enough to screen the tested pesticides in tea extracts. The
method detection and quantitation limits are significantly
lower than the strictest limits set by the Japanese
government. TurboFlow technology eliminates the need
for time-consuming sample preparation procedures such
as SPE and QuEChERs. By using Aria OS software, the
method development and optimization process is greatly
simplified.

www.thermoscientific.com
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Introduction
Growing concerns over food safety and the expanding
world agricultural trade have lead to the enforcement of
stricter pesticide regulations. In 2006, Japan introduced
the Positive List System that established maximum residue
levels (MRLs) for hundreds of agricultural chemicals in
food, including approximately 400 pesticides, and set a
uniform limit of 10 pg/kg (ppb) for chemicals for which
MRLs have not been determined.! In 2008, the European
Parliament implemented Regulation (EC) No. 396/2005,
which harmonized all pesticide MRLs for European Union
(EU) member states and set default limits of 10 pg/kg for
all pesticide/commodity combinations for which no MRLs
have been set.> A pesticide safety review of about 1,000
active substances on the market was mandated by
EU Directive 91/414/EEC and, upon its completion in
2009, led to the approval of only about 250 substances
and effectively set the permissible levels of over 700
de-listed pesticides to the default limit.?> The EU and
Japanese regulations are among the most stringent in the
world and have fueled the need for faster and more sensitive
analytical methods for cost-efficient, high-throughput
screening and quantitation of multi-class
Liquid chromatography-triple quadrupole tandem
mass spectrometry (LC/MS/MS) enables highly selective,
targeted, and sensitive quantitation and confirmation
of hundreds of target pesticides in a single run. A
multi-residue method was developed for screening and
quantitation of 437 pesticides in one 45-minute run using
Thermo Scientific TraceFinder software and a Thermo
Scientific TSQ Series LC-MS/MS system. At least one, and
often two or three, ion ratios were used to confirm each
analyte. In addition, the use of the Quantitation-Enhanced
Data-Dependent scan mode (QED-MS/MS) provided
MS/MS mass spectra that was used for structural
confirmation.

Goal

To analyze large numbers of pesticides in a single run on a
triple quadrupole mass spectrometer using TraceFinder™

software with built-in workflows for streamlining method
development and routine analysis.

Experimental Conditions
Sample Preparation

Pesticide standards were obtained from the U.S. Food
and Drug Administration (FDA). The stock solution
was prepared at a concentration of 3 mg/L. Calibration
solutions, with concentrations of 0.1-250 pg/L (ppb),
were prepared by serial dilution of the stock solution in
50:50 (v/v) acetonitrile/water.

Apple, orange, and asparagus matrices were prepared
for analysis by using a modiﬁed(Quick, Easy,
Cheap, Effective, Rugged, and Safe) method, which is a
sample preparation procedure used to extract pesticides
from food.* The QuEChERS extracts were obtained from
California Department of Food and Agriculture. For the
QuEChERS extraction, 15 g of homogenized sample and
15 mL of acetonitrile were used. Then, 200 pL of final
QuEChERS extract, 300 pL of acetonitrile, and 500 pL
of water were transferred into an autosampler vial, spiked
with 20 pL of the pesticides standard, and mixed well.

HPLC

Chromatographic analysis was performed using the
Thermo Scientific Accela 1250 UJHPLC]system. The
autosampler was an HTC-PAL Autosampler (CTC
Analytics, Zwingen, Switzerland). The chromatographic
conditions were as follows:

Column: Thermo Scientific Hypersil GOLD aQ

column (100 x 2.1 mm, 1.9 ym particle size)

Water with 0.1% formic acid and
4 mM ammonium formate

Methanol with 0.1% formic acid and
4 mM ammonium formate

Mobile Phase A:

Mobile Phase B:

Flow Rate: 300 pL/min
Column Temperature: 40 °C
Sample Injection Volume: 10 uL
Gradient: Gradient Time (min) %A %B
0.00 98 2
0.25 70 30
35.00 0 100
40.00 0 100
40.01 98 2
45.00 98 2
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MS

All samples were analyzed on the Thermo Scientific

TSQ Quantum Access MAX triple stage quadrupole
mass spectrometer with a heated electrospray ionization
(HESI) source. To maximize the performance of the

mass spectrometer, time-specific SRM windows were
employed at the retention times of the target compounds.
In addition, Quantitation-Enhanced Data-Dependent
scanning, which delivers SRM-triggered MS/MS data, was
used for structural confirmation. Alternating positive and
negative polarity switching was utilized in the method.
The MS conditions were as follows:

Sheath Gas Flow Rate: 55 units
Aux Gas Flow Rate: 15 units
Spray Voltage: 3500V
Capillary Temp: 280 °C
Heater Temp: 295°C
Cycle Time: 02s

Figure 1. TraceFinder software Compound Data Store (CDS)

Software

Method development, data acquisition, and data
processing were performed with TraceFinder software.
TraceFinder software streamlines method development,
acquisition, and data review. It provides a comprehensive
system incorporating processing methods, library searching
capabilities, data review, reporting, and built-in methods
for commonly found contaminants. The Compound Data
Store (CDS) in TraceFinder software includes
[reaction monitoring|(SRM) transitions and collision
energies for several hundred pesticides, herbicides,
personal care products, and pharmaceutical compounds
(Figure 1).

In this experiment, the appropriate SRM transitions
of the pesticides were chosen from the CDS and inserted
into the method for detection. No compound optimization
was necessary for compounds that were included in the
Compound Data Store.
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Figure 2. Eight extracted ion chromatograms showing number of scans with positive and negative switching

Results and Discussion

Multi-residue screening studies can generate very large
SRM transition lists in a single experiment. T-SRM can
be a useful tool to enhance qualitative and quantitative
analyses. In a T-SRM experiment, using prior knowledge
of the pesticide retention times, the method is set to

look for specific transitions only during the expected
retention time window. This increases the number of
SRM transitions that can be monitored effectively per
experiment. T-SRM also increases the scan time and
duty cycle for monitoring individual compounds per
experiment, providing more accurate and sensitive
quantitation. In this screening, after retention times were
determined by standard SRM run, a T-SRM method

Table 1. LC-MS/MS data for 437 pesticide standards

containing a total of 933 T-SRMs was constructed to

analyze the compounds in one single mix. For most
compounds, the time window was 60 s. Figure 2 shows
that by using T-SRM, enough scans were obtained for
closely and overlapping peaks with positive and negative
polarity switching. T-SRM enabled the efficient detection
of a large list of SRM transitions without compromising
the scan time for each SRM.

A mixture of 437 pesticides representing a broad
spectrum of chemical classes was separated and detected
within 45 minutes (Table 1). For the concentration range

studied (0.1-250 pg/L), limits of detection (LOD) were
estimated from standard solutions. The LOD ranged from
0.1 to 50 pg/L, depending on the analytes.

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Acephate 184.08 143.05 10 95.20 25 2.1 +
Acetamiprid 223.10 126.10 22 90.20 36 3.87 +
Acibenzolar-S-methyl 211.09 136.00 32 140.00 24 13.17 +
Acifluorfen 360.00 316.00 10 15.26 -
Acrinathrin+NH, 559.00 208.00 16 181.00 33 317.00 12 2778 +
Akton 374.80 304.90 20 97.10 40 22.05 +
Alachlor 270.10 162.00 19 15.86 +
Aldicarb sulfone+NH, 240.12 86.20 22 148.05 12 2.38 +
Aldicarb sulfoxide 207.00 132.00 10 89.00 16 23 +
Aldicarb sulfoxide +NH, 224.20 89.00 19 131.70 15 2.3 +
Aldicarb+NH, 208.10 116.10 10 89.20 17 4.97 +
Allethrin 303.16 135.05 13 123.11 18 91.16 33 23.14 +



Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Allidochlor 174.09 98.23 12 41.44 23 39.44 45 5.24 +
Ametryn 228.20 185.90 19 96.00 26 8.94 +
Amicarbazone 242.18 143.10 12 85.20 32 6.21 +
Aminocarb 209.12 137.10 25 152.10 15 2.2 +
Amitraz 294.08 122.19 33 277 +
Ancymidol 257.11 135.05 26 81.21 26 77.20 45 7.44 +
Anilofos 368.00 199.00 16 171.00 23 125.00 34 18.96 +
Aramite+NH, 352.00 191.00 12 255.00 10 232 +
Aspon 378.90 210.90 21 115.10 33 25.28 +
Asulam 231.00 156.00 12 92.00 25 229 +
Atrazine 216.00 174.00 16 9.32 +
Avermectin Bla +NH, 890.45 305.28 22 307.00 29 567.41 " 27.65 +
Avermectin B1a+Na 895.39 751.50 45 183.08 50 27.65 +
Avermectin B1b +NH, 876.45 291.00 30 553.40 15 145.00 35 26.77 +
Azaconazole 300.00 158.93 27 230.92 17 122.99 51 11.07 +
Azafenidrin 338.11 264.03 30 302.10 17 298.98 20 10.94 +
Azamethiphos 324.98 182.91 17 112.04 36 138.96 23 6.41 +
Azinphos-ethyl 345.96 132.10 16 160.10 7 16.14 +
Azinphos-methyl 317.93 260.98 8 125.03 19 11.9 +
Azoxystrobin 404.12 372.14 14 329.11 32 13.86 +
Benalaxyl 326.18 148.00 22 208.00 15 18.7 +
Bendiocarb 224.16 167.06 10 109.10 20 6.94 +
Benodanil 324.01 241.98 25 261.96 18 132.03 19 14.84 +
Benoxacor 260.03 148.69 17 133.98 13 11.31 +
Bensulide 398.00 314.00 12 158.00 25 218.00 18 18.34 +
Bentazone 239.07 132.00 28 197.00 22 6.51
Benthiavalicarb 382.14 180.00 33 116.00 23 14.65 +
Benzoximate 364.35 199.20 " 105.20 33 20.06 +
Bifenazate 301.23 170.00 20 152.00 40 16.02 +
Bifenox 342.00 310.00 15 18.99 +
Bifenthrin+NH, 440.00 181.00 14 166.00 42 29.35 +
Bispyribac-sodium 453.14 296.96 19 13.92 +
Bitertanol 338.08 269.00 10 99.00 16 20.15 +
Boscalid 34324 307.00 19 271.00 34 14.21 +
Brodifacoum 522.88 335.00 23 178.20 35 28.91 +
Bromadiolone 525.07 249.96 37 263.27 40 218.93 50 23.67
Bromoxynil 276.07 81.00 36 79.00 36 8.86 +
Bromuconazole1 377.92 158.92 28 160.88 28 123.02 35 15.16 +
Bromuconazole2 377.92 158.92 28 160.88 28 123.02 35 17.83 +
Bufencarb 222.11 95.20 34 71.20 43 17.19 +
Bupirimate 317.30 166.10 25 108.10 27 14.68 +
Buprofezin 306.21 201.00 12 116.00 18 20.78 +
Butachlor 312.20 238.00 " 22.92 +
Butafenacil+NH, 492.31 331.00 26 180.00 46 16.26 +
Butocarboxin 208.10 109.20 15 91.40 39 13.82 +
Butoxycarboxin 22311 106.10 10 86.20 20 2.35 +
Butoxycarboxin+NH, 240.11 86.20 18 106.10 25 2.36 +
Butralin 296.14 240.03 14 222.03 22 208.00 28 24.95 +
Butylate 218.20 156.00 " 21.14 +
Cadusafos 270.97 158.90 16 97.00 36 20.21 +
Carbaryl 202.08 145.00 12 127.00 30 8.13 +

Carbendazim 192.10 160.06 20 132.10 33 2.75 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Carbetamide 237.12 192.05 10 118.10 15 5.83 +
Carbofuran 222.14 165.06 14 123.10 25 6.91 +
Carbofuran-3-hydroxy 238.08 220.08 9 181.08 1 3.64 +
Carboxin 235.95 142.97 17 86.98 24 76 +
Carfentrazone-ethyl 412.19 384.00 15 366.20 19 17.94 +
Carpropamid 334.00 139.00 22 196.00 14 103.00 38 18.84 +
Chlorantraniliprole 482.13 450.89 21 283.81 19 11.79 +
Chlorbromuron 292.91 203.88 20 181.95 19 124.94 33 13.73 +
Chlordimeform 197.02 117.20 29 89.00 50 3.15 +
Chlorfenvinphos 358.81 155.20 14 99.10 33 19.16 +
Chlorfluazuron 541.90 385.00 25 26.79 +
Chlorfluazuron 539.70 383.00 20 26.79 +
Chloroxuron 291.11 72.20 20 46.20 19 15.97 +
Chlorpropham 214.00 172.00 12 154.00 19 9.96 +
Chlorpyrifos 350.00 198.00 18 97.00 35 23.81 +
Chlortoluron 213.08 140.00 22 168.00 20 9.18 +
Clethodim 360.19 164.00 20 268.00 14 21.38 +
Clofentezine 303.07 138.00 18 102.00 36 2042 +
Clothianidin 250.12 169.06 14 132.10 18 338 +
Coumaphos 363.02 226.90 25 19.38 +
Coumaphos oxon 347.02 290.92 18 210.92 28 318.93 14 12.72 +
Crotoxyphos 332.07 126.99 23 99.04 27 14.36 +
Dumyluron 303.00 185.00 14 125.00 34 119.00 22 15.44 +
Cyanazine 241.10 214.00 17 6.18 +
Cyazofamid 325.22 108.00 15 261.00 10 17.23 +
Dycloate 216.00 154.00 12 134.00 14 83.00 18 19.81 +
Cyclohexamide 299.18 264.16 14 246.12 19 159.16 30 55 +
Cycluron 199.11 89.10 16 72.20 24 10.42 +
Cyflufenamid 413.00 295.00 16 241.00 25 203.00 42 20.34 +
Cyfluthrin 434.10 191.00 17 26.68 +
Cyhalothrin+NH, 467.00 225.00 18 450.00 10 26.79 +
Cymoxanil 199.06 128.10 10 111.10 20 407 +
Cyphenothrin 393.08 315.89 23 376.00 10 20.84 +
Cyproconazole 292.13 125.00 32 15.58 +
Cyromazine 167.09 85.17 19 68.23 28 81.21 26 197 +
Daimuron 269.00 151.00 14 91.00 45 119.00 25 14.55 +
DEF 315.02 169.00 17 259.09 13 26.36 +
Deltamethrin 506.10 281.00 11 26.9 +
Demeton S-methyl 231.01 89.16 10 61.26 32 7.06 +
Demeton-0 259.00 89.10 11 61.21 29 11.72 +
Demeton-S 259.00 89.25 12 61.20 47 11.72 +
Desmedipham+NH, 318.16 182.00 15 136.00 28 11.72 +
Desmetyrn 21411 172.07 18 82.21 30 57.34 33 6.63 +
Di-allate 269.99 86.15 17 109.04 30 143.03 20 20.67 +
Diamidafos (Nellite) 201.10 107.20 28 3.96 +
Diazinon 305.03 169.10 25 153.13 23 18.51 +
Diazinon Oxon 289.00 233.00 20 16.12 +
Dichlorfenthion 314.98 258.82 16 26.36 +
Dichlormid 208.04 81.26 13 98.18 13 41.47 20 6.85 +
Dichlorvos 221.00 109.00 18 145.00 14 127.00 10 6.72 +
Dichlorvos+NH 238.00 109.00 24 221.00 18 127.00 24 6.72 +

4

Diclobutrazol 328.14 159.00 35 70.20 25 16.24 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Dicrotophos 238.10 193.10 10 112.10 14 3.04 +
Diethofencarb 268.21 226.00 13 180.10 18 12.43 +
Difenacoum 44513 179.00 30 256.97 21 177.83 59 26.63 +
Difenoconazole 406.17 251.00 25 111.00 55 21.12 +
Difenoxuron 287.09 123.04 22 7222 26 95.15 30 11.19 +
Dimepiperate 264.12 146.08 " 119.13 17 91.15 35 20.36 +
Dimethametryn 256.13 186.05 22 14.59 +
Dimethenamid 276.00 243.97 14 168.02 23 111.15 33 12.76 +
Dimethoate 230.11 199.10 12 125.10 23 3.68 +
Dimethomorph 388.14 301.00 22 165.00 34 15.25 +
Dimethylvinphos1 331.00 127.04 13 99.06 26 14.47 +
Dimethylvinphos2 331.00 127.04 13 99.06 26 15.55 +
Dimetilan 241.10 72.20 21 4 +
Dimoxystrobin 327.13 205.00 12 116.00 25 17.73 +
Diniconazole 326.17 148.20 27 70.20 35 18.7 +
Dinotefuran 203.02 129.00 10 114.00 15 2.31 +
Dioxacarb 224.08 167.06 10 123.10 18 6.94 +
Dioxathion 473.99 271.09 10 153.04 28 228 +
Diphenamid 240.12 134.13 21 167.09 24 165.09 48 11.18 +
Diphenylamine 170.09 114.09 17 100.13 22 69.21 26 7.91 +
Dipropetryn 256.15 214.06 19 144.06 29 172.03 21 14.46 +
Disulfoton 274.94 89.27 5 61.28 34 19.59 +
Ditalimfos 300.10 145.30 22 144.20 21 14.47 +
Dithiopyr 402.10 354.00 20 272.30 32 21.84 +
Diuron 233.11 72.00 20 46.30 35 8.81 +
DNOC 199.14 117.10 28 89.00 53 315 +
Dodemarph 282.23 116.16 20 98.22 25 69.29 31 11.66 +
Doramectin 916.40 331.40 35 593.50 25 28.79 +
Edifenphos 310.98 283.00 12 109.11 35 18.62 +
Emamectin 886.70 158.00 33 302.00 20 24.99 +
Emamectin B1b 872.40 158.20 33 302.30 20 24.02 +
Epoxiconazole 330.20 121.00 21 123.00 20 16.84 +
Eprinomectin B1a 936.53 490.22 52 352.13 57 27.15 +
EPTC 190.07 128.20 13 86.20 14 16.67 +
Esprocarb 266.20 91.00 24 71.10 17 22.34 +
Etaconazole 328.19 159.00 32 123.00 58 16.62 +
Ethaboxam 321.00 183.10 24 200.10 28 8.89 +
Ethalfluralin 33422 166.20 21 165.20 20 14.76 +
Ethidimuron 265.09 208.20 16 114.20 20 332 +
Ethiofencarb 226.09 107.00 16 13.16 +
Ethiolate 162.10 132.16 23 147.16 15 117.14 30 22.92 +
Ethion 384.92 142.97 29 97.09 49 23.56 +
Ethion monoxon 368.85 199.20 13 142.90 27 17.7 +
Ethiprole 39712 351.00 20 255.00 34 14.03 +
Ethirimol 210.20 140.10 23 98.10 28 482 +
Ethofumesate 286.96 258.90 " 120.90 20 12.86 +
Ethoprophos 243.07 97.10 30 131.10 40 15.93 +
Ethoxyquin 218.00 174.00 34 160.00 34 8.81 +
Etobenzanid 34013 179.10 20 121.00 33 19.13 +
Etofenprox 394.15 177.07 14 107.11 38 135.03 28 285 +
Etoxazole 360.21 177.10 22 19.06 +

Etrimfos 293.10 265.00 17 17.81 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Famoxadone+NH, 392.11 331.22 8 238.03 18 20.08 +
Famphur 325.96 217.03 21 280.98 13 10.36 +
Famphur oxon 327.14 201.00 26 265.00 19 186.01 35 491 +
Fenamidone 312.20 236.20 16 264.20 12 13.57 +
Fenamiphos 304.03 217.01 24 234.03 8 17.47 +
Fenamiphos sulfone 336.09 279.87 17 199.98 28 16.95 +
Fenarimol 33112 268.00 23 81.00 34 16.32 +
Fenazaquin 307.20 57.20 23 160.90 18 20.77 +
Fenbuconazole 337.04 125.14 35 70.41 27 178 +
Fenhexamid 302.09 97.00 26 55.00 36 15.84 +
Fenitrathion 277.95 245.95 17 125.10 21 12.76 +
Fenoxycarb 302.17 116.00 13 88.00 20 18.07 +
Fenpiclonil 254.07 172.01 17 7 +
Fenpropathrin 350.20 97.00 34 125.00 16 23.82 +
Fenpropathrin+NH, 367.20 125.00 18 97.00 34 25.65 +
Fenpropimorph 304.40 147.10 31 130.10 26 13.16 +
Fenpyroximate 422.21 366.00 15 214.00 34 25.9 +
Fensulfothion 309.18 251.00 21 163.00 18 1417 +
Fenthion 278.95 247.01 13 169.06 20 12.76 +
Fenthion sulfone 328.09 311.04 9 109.12 37 9N +
Fenthion sulfoxide 294.90 108.90 32 114.90 27 8.39 +
Fenuron 165.03 72.10 17 46.30 18 3.53 +
Flonicamid 230.12 174.10 18 13.18 +
Florasulam 360.00 129.00 26 192.00 18 498 +
Florasulam+NH, 377.00 129.00 30 498 +
Fluazinam 463.19 416.00 20 398.00 17 23.95 -
Flubendiamide 681.00 253.94 29 273.93 19 271.89 19 19.03 +
Flucarbazone 397.13 129.90 21 115.00 48 5.01 +
Fludioxinil 266.00 229.00 17 22710 10 14.74 +
Fludioxonil 246.99 179.99 34 169.06 32 126.15 34 14.74 -
Flufenacet 364.23 194.00 12 152.00 20 16.23 +
Flufenoxuron 487.16 304.00 20 156.00 16 25.95 -
Flumetsulam 326.00 109.00 53 3.46 +
Flumioxazin 355.06 170.81 24 212.82 17 142.87 29 20.84 +
Fluometuron 233.08 72.10 18 46.30 17 8.81 +
Fluopicolide 383.01 172.94 23 144.95 47 365.01 17 14.44 +
Fluorochloridone 329.11 302.04 12 188.98 20 17.61 +
Fluoxastrobin 459.20 427.10 18 188.00 37 16.67 +
Fluguinconazole 376.17 349.20 21 307.00 20 15.8 +
Flusiazole 316.18 247.10 19 165.00 34 18.02 +
Flutolanil 32421 242.00 26 262.00 18 14.84 +
Flutriafol 302.16 70.10 19 123.00 33 10.18 +
Fluvalinate 503.00 181.00 34 208.00 12 28.24 +
Fonophos 246.98 109.10 23 137.10 12 18.44 +
Forchlorfenuron 248.14 129.00 18 93.00 26 10.77 +
Formetanate 222.10 165.00 30 10.01 +
Fosthiazate 284.00 228.00 12 104.00 23 8.77 +
Fuberidazole 185.05 157.05 23 156.03 29 130.18 23 341 +
Furalaxyl 302.11 24210 17 95.00 35 13.23 +
Furathiocarb 383.19 195.00 20 252.00 14 22.38 +
Griseofulvin 353.10 215.00 19 285.06 18 165.03 19 10.97 +

Halofenozide 329.10 121.14 22 77.33 37 155.15 29 13.57 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Haloxyfop-methyl 376.03 315.96 17 287.98 25 91.13 31 20.84 +
Hexaconazole 314.14 70.20 20 159.00 20 19.39 +
Hexaflumuron 458.92 439.00 12 175.00 39 22.79
Hexazinone 253.09 171.05 17 85.19 29 21 30 7 +
Hexythiazax 353.24 228.20 18 168.10 25 24.03 +
Hydramethylnon 49527 323.00 35 150.90 55 23.22 +
Imazalil 297.18 159.00 24 201.00 18 10.18 +
Imazamox 306.09 261.10 23 193.10 27 4.05 +
Imazapyr 262.06 216.98 19 201.97 27 9.64 +
Imazaquin 312.00 267.00 22 199.00 30 252.00 27 7.29 +
Imibenconazole 411.00 125.00 36 171.00 21 23.76 +
Imidacloprid 256.12 209.10 18 175.10 20 329 +
Inabenifide 339.26 80.20 38 78.90 55 13.09 +
Indanofan 341.00 187.00 14 175.00 17 16.23 +
Indoxacarb 528.30 203.00 40 293.00 15 219 +
Ipconazole 33413 70.20 22 125.00 42 21.54 +
Iprobenfos 289.02 204.96 " 91.23 24 17.82 +
Iprovalicarb 321.16 119.00 20 203.00 10 15.55 +
Isocarbamid 186.08 145.05 22 21.54 +
Isocarbophos 307.12 230.93 17 171.12 22 10.71 +
Isofenfos 346.04 216.94 23 244.99 12 19.79 +
Isofenfos O-analog 330.15 121.10 43 16.84 +
Isoprocarb 194.09 95.00 16 137.00 1 95 +
Isopropalin 31015 225.94 20 222.07 20 210.01 19 26.19 +
Isoprothiolane 291.00 189.00 22 231.00 12 145 +
Isoproturon 207.10 72.00 19 165.15 14 10.09 +
Isoxaben 33313 165.00 20 107.00 61 14.76 +
Isoxaflutole 360.25 220.00 42 19.04 +
Isoxathion 314.00 286.00 10 105.00 18 258.00 12 20.09 +
Isozophos 314.03 162.01 16 97.03 34 120.02 28 15.81 +
Ivermectin B1a +NH, 892.50 307.00 28 569.00 17 29.92 +
Kresoxim-methyl 314.07 267.14 8 22213 15 17.77 +
Lactofen+NH, 479.00 344.00 15 223.00 36 23.62 +
Linuron 249.10 182.00 18 160.00 17 12.87 +
Loxynil 369.86 242.95 28 28 11.26

Lufenuron 509.21 326.00 18 175.00 37 24.97

Malathion 330.97 126.99 13 99.02 25 124.98 32 14.48 +
Mandipropamid 412.10 327.90 15 355.90 1 15.16 +
Matoxuron 229.02 72.22 25 156.03 24 5.25 +
Mefenacet 299.17 148.00 14 120.10 31 15.4 +
Mefluidide 328.09 311.04 14 135.12 30 121.10 4 7.58 +
Mepanipyrim 224.14 106.00 27 77.00 40 15.48 +
Mephospholan 270.03 139.98 25 196.02 14 167.96 17 6.7 +
Mepronil 270.15 228.00 16 119.00 21 14.37 +
Mesotrione 340.16 227.95 16 472 +
Metaflumizone 505.15 302.04 22 285.10 52 117.15 34 24.67

Metalaxyl 280.11 220.10 16 192.10 16 10.36 +
Metazachlor 278.02 134.07 24 105.11 41 9.96 +
Metconazole 320.20 70.10 22 124.90 41 19.62 +
Methabenzhiazuron 222.13 165.00 17 6.91 +
Methacrifos 258.05 209.01 12 125.04 25 79.21 32 11.44 +

Methamidophos 142.00 94.00 20 125.00 10 1.95 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Methidathion 302.90 85.20 23 144.92 5 10.92 +
Methiocarb 226.09 169.00 10 8.28 +
Methomyl 163.05 106.10 10 88.10 10 2.63 +
Methoprotryne 272.20 240.00 10 198.00 15 9.55 +
Metobromuron 259.10 170.00 20 148.00 25 9.34 +
Metolachlor 284.14 252.10 17 148.20 24 16.14 +
Metominostrobin 285.08 193.96 17 166.02 28 139.95 41 11.15 +
Metosulam 418.00 174.88 27 139.96 45 189.68 24 8.21 +
Metrafenone 409.03 209.10 16 22710 20 20.13 +
Metribuzin 215.09 187.07 17 130.97 17 6.23 +
Mevinphos1 225.09 127.10 15 192.80 8 363 +
Mevinphos2 225.09 127.10 15 192.80 8 457 +
Mexacarbate 22315 151.00 26 166.00 16 3.07 +
Milbemycin A3 511.40 493.20 10 475.20 10 26.77 +
Milbemycin A4+NH, 560.40 525.20 10 507.20 12 27.95 +
Milbemycin A4-H,0 525.40 507.20 10 489.20 10 27.96 +
Molinate 188.06 126.20 16 83.10 20 13.75 +
Monocrotophos 224.08 127.05 28 193.10 19 2.83 +
Monolinuron 215.08 126.00 17 99.00 36 8.31 +
Moxidectin 640.20 528.50 15 498.50 20 29.19 +
Myclobutanil 289.13 125.00 31 70.20 19 15.58 +
Naled 396.12 32413 20 308.15 22 16.22 +
Naphthol 145.11 115.10 18 102.12 22 18.1 +
Napropamide 272.14 171.07 20 129.15 16 114.17 22 16.4 +
Naptalam sodium 331.14 105.16 18 139.04 19 13.57 +
Neburon 275.10 57.20 35 88.00 30 17.82 +
Nitenpyram 271.22 225.00 12 237.00 20 2.53 +
Nitralin 346.12 303.98 15 24187 17 196.00 36 17.44 +
Nitrothal-isopropy! 313.03 148.95 15 91.14 4 15.23 +
Norflurazon 304.07 284.00 25 88.00 39 11.01 +
Novaluron 493.26 158.00 18 141.00 42 23.17 +
Novaluron 491.23 471.00 15 305.00 19 23.18 -
Noviflumuron 527.00 344.00 15 193.00 35 25.7 +
Nuarimol 315.11 251.90 26 81.00 36 13.33 +
Octhilinone 21414 102.12 16 57.36 17 16.78 +
Ofurace 299.09 254.05 17 236.04 21 160.09 28 7.25 +
Omethoate 214.07 183.00 13 155.00 18 2.23 +
Orbencarb 258.06 125.05 28 100.15 13 89.13 43 19.38 +
Oryzalin 345.00 281.00 19 147.00 30 78.00 38 16.82 -
Oxadiazon 362.06 302.93 18 219.69 25 184.89 35 23.09 +
Oxadixyl 279.00 219.00 15 132.00 25 5.92 +
Oxamyl+NH, 237.10 72.08 15 90.09 10 244 +
Paclobutrazole 294.10 70.00 20 125.00 35 14.26 +
Parathion 292.00 236.00 15 97.00 30 17.68 +
Parathion-methyl 263.94 232.07 18 109.13 20 124.90 25 1211 +
Penconazole 284.12 159.00 35 70.10 17 18.43 +
Pencycuron 329.00 125.00 30 218.00 16 20.49 +
Pendimethalin 282.09 212.00 11 194.11 18 119.07 25 241 +
Penoxsulam 484.06 195.20 29 194.70 36 9.33 +
Permethrin+NH, 408.00 183.00 22 355.00 10 28.45 +
Phenmediphame 301.17 136.00 22 168.00 10 12.23 +

Phenothrin 368.20 183.00 24 237.04 12 165.03 42 28.24 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Phenthoate 320.93 247.02 " 79.26 46 18.01 +
Phorate 260.97 75.08 14 142.94 19 19.08 +
Phorate oxon sulfone 276.98 142.92 22 97.00 36 152.97 16 9.2 +
Phorate sulfone 276.05 94.15 35 173.97 21 9.85 +
Phosalone 368.00 182.00 17 20 +
Phosmet 317.91 160.05 15 133.15 39 1218 +
Phosphamiden 317.08 300.01 10 127.04 25 226.93 19 6.07 +
Phoxim 299.00 129.00 10 77.00 20 19.81 +
Phropham 180.00 138.00 10 120.00 15 92.00 26 91N +
Picloram 241.00 195.00 24 2.67 +
Picoxystrobin 368.20 145.00 23 205.10 1 18.1 +
Pinoxaden 401.19 317.00 23 57.10 34 20.09 +
Piperonyl butoxide 356.19 177.00 13 119.00 33 22.74 +
Piperophos 354.09 170.85 22 212.83 16 142.90 32 20.84 +
Pirimicarb 239.09 182.00 16 72.00 21 459 +
Pirimiphos ethyl 334.07 198.11 24 182.14 26 218 +
Pirimiphos-methy! 306.01 164.12 24 108.18 34 18.17 +
Pretilachlor 312.20 252.00 17 22.53 +
Prochloraz 376.21 308.00 14 266.00 18 18.99 +
Profenophos 372.90 302.80 19 143.86 36 127.97 40 22.05 +
Prohexadione 211.07 167.19 17 123.24 17 111.18 23 483 +
Promecarb 208.09 151.00 10 109.00 17 13.82 +
Prometon 226.21 184.00 21 141.90 24 7.65 +
Prometryn 242.21 157.90 24 199.90 20 11.65 +
Propachlor 212.06 169.99 15 94.13 25 77.18 4 9.95 +
Propamocarb 189.05 102.10 19 144.05 14 2.32 +
Propanil 215.99 160.02 21 12.9 +
Propargite 368.18 231.00 " 174.90 18 249 +
Propazine 230.00 124.00 17 15.09 +
Propetamphos 282.04 138.08 18 156.00 10 15.22 +
Propiconazole 342.20 159.00 29 69.20 21 18.91 +
Propoxur 210.07 111.10 16 168.06 10 6.62 +
Prothioconazole 341.98 306.00 16 100.00 30 19.09 +
Prothoate 286.04 97.02 35 10.73 +
Pymetrozine 218.00 105.00 25 79.00 30 218 +
Pyracarbolid 218.20 124.90 21 96.90 31 7.03 +
Pyraclofos 361.10 257.00 23 20 +
Pyraclostrobin 388.22 194.00 14 163.00 26 20.01 +
Pyraflufen-ethyl 413.10 339.00 19 19.46 +
Pyrasulfotole 361.06 159.08 46 64.35 61 79.25 18 24.99 +
Pyrazophos 374.04 222.10 22 194.04 36 19.73 +
Pyridaben 365.20 309.10 13 147.00 23 26.81 +
Pyridalyl 489.95 109.00 29 163.90 38 30.53 +
Pyridaphenthion 340.94 189.09 23 205.04 22 15.62 +
Pyridate 379.20 207.00 19 28.28 +
Pyrifenox 294.97 93.12 26 92.07 52 67.19 50 12.88 +
Pyrimethanil 200.07 107.00 26 82.00 30 9.74 +
Pyriproxyfen 32222 96.00 16 185.30 27 23.49 +
Pyroquilon 174.10 132.13 23 117.15 31 130.13 38 6.77 +
Pyrosulam 434.95 195.20 28 194.10 39 7.42 +
Quinalphos 299.05 163.01 23 147.06 24 38.00 17.63 +

Quinoxyfen 307.88 196.80 33 161.90 47 23.92 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Resmethrin 356.16 171.01 15 143.01 26 128.03 43 27.36 +
Rotenone 395.30 213.20 23 192.10 26 17.69 +
Salflufenacil 518.19 348.94 30 459.00 16 12.36 +
Schradan 287.12 242.02 14 135.08 26 92.15 40 425 +
Secbumeton 226.21 169.90 19 99.90 33 7.91 +
Sethoxydim 328.00 178.00 20 7.58 +
Siduron 23312 137.00 20 94.00 38 12.55 +
Simazine 202.10 132.00 20 104.00 27 6.7 +
Simetryne 214.10 124.00 20 96.00 26 6.56 +
Spinetoram?1 748.32 141.92 30 98.03 37 22.65 +
Spinetoram? 760.2 141.88 31 241 +
Spinosyn A 732.50 142.00 35 98.00 47 21.19 +
Spinosyn D 746.50 142.00 34 98.00 47 22.6 +
Spirodiclofen 411.00 313.10 15 213.10 25 256 +
Spiromefesin 371.30 273.30 15 255.30 25 24.73 +
Spirotetramat 374.20 330.20 17 302.20 19 16.21 +
Spiroxamine 298.22 144.00 21 100.00 35 14.74 +
Sulfentrazone 404.00 387.00 10 307.00 15 79 +
Sulfotep-ethy! 32319 219.00 16 247.10 15 24.39 +
Sulfuramid 525.99 219.02 26 168.94 27 269.07 23 25.97 -
Sulprofos 322.93 218.95 17 246.95 12 24.39 +
Tebuconazole 308.22 70.20 21 125.00 34 18.57 +
Tebufenozide 353.12 133.00 19 297.00 10 17.95 +
Tebufenpyrad 334.21 145.20 28 117.00 36 2277 +
Tebupirimfos 319.10 210.20 22 14.7 +
Tebuthiuron 229.16 172.06 18 116.10 28 7.29 +
Teflubenzuron 379.16 339.00 13 196.00 22 23.82 -
Tefluthrin 419.03 174.85 27 140.72 47 8.21 +
Temephos 466.95 419.13 20 405.08 14 2423 +
Tepraloxydim 340.00 220.00 34 248.00 18 8.38 -
Terbufos 288.97 103.10 12 57.50 21 22.23 +
Terbufos sulfone 338.08 171.00 16 115.01 31 97.06 42 12.39 +
Terbumeton 226.22 169.90 20 113.90 25 7.66 +
Terbutryn 24222 185.90 20 91.00 28 12.03 +
Tetrachlorvinphos-a 365.00 204.00 40 127.00 16 17.79 +
Tetrachlorvinphos-a+NH, 382.00 127.00 20 17.79 +
Tetrachlorvinphos-b 366.87 127.03 16 205.96 37 240.74 23 17.79 +
Tetrachlorvinphos-b+NH, ~ 383.88 126.95 19 205.81 49 240.88 24 17.79 +
Tetraconazole 37219 159.00 39 70.00 24 1713 +
Tetramethrin 332.10 127.04 28 174.03 19 226.92 18 14.29 +
Thiabendazole 202.04 175.05 28 131.05 35 3.2 +
Thiacloprid 25313 126.10 22 90.20 37 468 +
Thiamethoxam 292.15 211.10 14 132.05 24 2.76 +
Thiazopyr 397.05 377.04 22 335.00 26 18.67 +
Thidiazuron 22113 102.10 16 94.20 14 713 +
Thiobencarb 258.07 125.00 18 100.20 15 19.38 +
Thiofanox+NH, 236.09 57.20 16 76.10 12 8.52 +
Thiometon+Na 268.88 89.10 25 61.10 36 1452 +
Thiophanate-methyl 343.21 151.06 24 311.20 12 6.78 +
Tolclofos-methyl 301.00 175.00 22 6.16 +
Tolfenpyrad 384.08 196.95 29 181.69 30 23.59 +

Tralkoxydim 330.00 284.00 13 138.00 22 16.13 +




Table 1. LC-MS/MS data for 437 pesticide standards (continued)

Compound Precursor lon Quantitationlon CE  Confirming lon 1 CE Confirming lon 2 CE RT (min)  Polarity
Tralomethrin+NH, 682.80 440.60 18 665.80 10 412.60 22 27.59 +
Triadimefon 294.17 197.10 16 22510 16 14.86 +
Triadimenol 296.10 70.00 15 14.26 +
Triazophos 313.99 162.10 21 119.17 36 15.82 +
Trichlamide 340.00 121.00 22 19.14 +
Trichlorfon 256.90 127.00 19 109.10 19 457 +
Tricyclazole 190.07 163.06 24 136.10 30 533 +
Tridemorph 298.00 130.00 28 98.00 32 19.42 +
Trifloxystrobin 409.30 186.00 21 206.10 16 21.54 +
Triflumizole 346.16 278.10 12 73.00 18 214 +
Triflumuron 359.10 156.20 17 139.00 31 20.24 +
Triforine-a 434.90 390.00 12 12.45 +
Triforine-b 432.90 388.00 12 12.46 +
Triforine-c 436.90 392.00 12 12.45 +
Trinexapac-ethyl 253.11 207.02 1 69.27 20 165.02 17 10.28 +
Triconazole 318.12 70.00 25 125.00 30 16.16 +
Uniconazole 292.13 70.20 25 125.00 32 17.32 +
Vamidothion 288.07 146.05 14 118.10 27 36 +
Vernolate 204.15 128.21 " 86.22 13 43.47 19 19.47 +
Warfarin 307.03 160.94 20 26.95 +
Zoxamide 336.22 187.00 23 159.00 38 18.7 +
Excellent linearity in detector response was observed of 52 analytes were greater than 0.98. The total ion
over the calibration range. The correlation coefficients chromatogram is shown in Figure 3.
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Figure 3. Chromatogram of 437 pesticides (10 pg/L standard solution)




The analysis of the pesticides was reviewed in
the Data Review section of TraceFinder software
(Figure 4). In this section, calibration curves, ion ratios,
peak integration, and MS spectra can be monitored,
and samples that meet user-set criteria can be flagged. In
addition, user adjustments, such as peak re-integration,

(A) Metalaxyl

(B) Pyridaben

are permitted. The effects of the changes on the results are
instantly updated in the results grid and standard reports.
The extracted ion chromatogram and solvent standard
calibration curve for two example pesticides, metalaxyl
and pyridaben, are shown in Figure 4. Three replicates of
each calibration standard were injected at each level.

Figure 4. TraceFinder software view of extracted ion chromatogram and solvent standard calibration curve [metalaxyl (A) and pyridaben (B), 10 ug/L,

3 replicates, quadratic curve fit]
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Figure 5. Chromatogram of 437 pesticides in orange extract at 2 pg/kg

Green flag — Compound found, above limit of reporting (LOR), all criteria passed.

Orange flag — Compound close to limit of detection (LOD) or LOR. User may want to double check results.
Yellow flag — Compound not found.

Red flag  — Error, such as ion ratio, linearity, carryover, etc.

Figure 6. TraceFinder software view of quantitation peak and ion overlay of confirmation by secondary SRM (furalaxyl in orange extract 2 pg/kg)




To evaluate the applicability of this technique to

complex food samples, the pesticide mixture was spiked

into apple, orange, and asparagus matrices and analyzed.

Figure 5 shows the chromatogram of 437 pesticides at

2 pg/kg in the orange matrix. The majority of the

pesticides were detected at 2 pg/kg. The confirmation of

target analytes was achieved by the second or third SRM.

In Figure 6, the quantification ion and two qualification

ions for furalaxyl are displayed in the Data Review

section of TraceFinder software. The acceptance criteria

percentage can be set for the ion ratio confirmation. If the
ion ratio fails, the Confirmation Ion box is flagged in red

by the software.

QED-MS/MS experiments were also applied to
pesticide analysis in orange, asparagus, and apple extract
to confirm the existence of compounds while they were
being quantified. A full-scan MS/MS mass spectrum was
obtained by data dependent scanning for confirmatory
analysis during the SRM experiment. After a particular
SRM transition reached the specified intensity threshold,
the instrument automatically triggered the QED-MS/MS
scan using the Reverse Energy Ramp (RER) scan function.

IST MS Search 2.0 - [Ident, Presearch Default - InLib = -219, 100 spectra]

The collision energy was linearly ramped from a high

to a low value while Q3 was scanned from low m/z to
high m/z. A highly sensitive, fragment-rich spectrum

that was used to positively confirm the existence of a
compound was collected. An example of a QED-MS/MS
full scan spectrum is shown in Figure 7 for the compound
fenamiphos. This QED-MS/MS scan function fragmented
the precursor ion m/z 304 for fenamiphos over a reversed
energy ramp of 10 to 50 eV.

TraceFinder software includes a large number of report
templates. Reports can be created in PDF format, printed
directly to the printer, or saved in XML format, which
is useful for LIMS systems. Figure 8 shows the onscreen
preview function of a report generated by TraceFinder
software. The chromatogram shown is an apple sample
spiked with 437 pesticides at 2 pg/kg. The top of the page
contains a sample summary, and the quantitated results
follow beneath the chromatogram. TraceFinder software
can generate results for the entire batch with the click of a
button, or the user can choose to view reports individually
and print only those of interest.
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Figure 7. QED spectrum of fenamiphos at 2 pg/kg in asparagus. Searching against the standard library available on the TSQ Quantum Access MAX™
instrument platform yields a positive confirmation.



Figure 8. Report View section of TraceFinder software showing quantitative results

Conclusion

A multi-residue method was developed for the screening
and determination of 437 pesticides in 45 minutes in a
single run on a triple quadrupole mass spectrometer. Data
analysis was streamlined by using TraceFinder software,
which is ideally suited for quantitation of large amounts
of data. For this large-scale multi-pesticide residue study,
a timed SRM experiment provided accurate and sensitive
analysis, without compromising the dwell time (and
duty cycle) for detecting each compound per experiment.
Quantitation-Enhanced Data-Dependent scanning
provided confirmatory data following quantitative
analysis. The majority of the pesticides were detected in
the spiked matrices at concentrations lower than the
MRLs established by EU and Japan.

www.thermoscientific.com

Acknowledgment

The authors wish to thank Dr. Jon Wong at the FDA for
providing the pesticide standards used in this study.

The authors are also grateful to Roland Carlson at CDFA
for providing the QuEChERS extracts for this study.

References

. http://www.mhlw.go.jp/english/topics/foodsafety/positivelist06022 8/
introduction.html

—_

N

. http://europa.eu/legislation_summaries/food_safety/plant_health_checks/
121289_en.htm

w

. http://ec.europa.eu/food/plant/protection/evaluation/rev_prog_exist_
pest_en.htm

N

. Steven J. Lehotay, Quick, Easy, Cheap, Effective, Rugged and Safe
(QuEChERSs) Approach for Determining Pesticide Residues. Methods
in Biotechnology, 2006, 19, 239-261.

Legal Notices: ©2011 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries.
This information is presented as an example of the capabilities of Thermo Fisher Scientific Inc. products. It is not intended to encourage use of these products in
any manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change. Not all products are available

in all countries. Please consult your local sales representative for details.

Part of Thermo Fisher Scientific

In addition to these
offices, Thermo Fisher
Scientific maintains

a network of represen-
tative organizations
throughout the world.

Africa-Other
+27 11 570 1840
Australia

+61 3 9757 4300
UL E]
+43133350340
Belgium
+32537342 41
Canada

+1 800 530 8447
China

+86 10 8419 3588
Denmark

+4570 23 62 60
Europe-Other
+43 133350340
Finland/Norway/
Sweden

+46 8 556 468 00

France
+33 160 92 48 00

Germany

+49 6103 408 1014
India

+91 22 6742 9434
Italy

+39 02 950 591
NETED

+81 45 453 9100
Latin America
+1 561 688 8700
Middle East
+43 133350340
Netherlands

+31 76 579 55 55
New Zealand
+64 9 980 6700
Russia/CIS

+43 133350340
South Africa
+27 11 570 1840
Spain

+34 914 845 965
Switzerland

+41 61716 77 00
UK

+44 1442 233555
USA

+1 800 532 4752

SCIENTIFIC




Application
Note: 373

Key Words

¢ TSQ Quantum
Ultra™

¢ EQuan™ System

¢ Hypersil GOLD™
Columns

¢ Pesticides

SCIENTIFIC

Testing LC-MS System Robustness
with Automated Sample Cleanup
Using Red Wine as a Matrix
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Introduction

Achieving low limits of detection (LODs) of pesticides,
antibiotics and veterinary residues in food residues and
drinking water is of paramount importance in order to
monitor the regulatory levels as stated by the US, Japanese
and EU directives. These substances pose a significant
health threat and therefore, need to be accurately detected
at the lowest levels, typically at part per trillion (ppt).
Traditionally, LC-MS/MS has been used by the environ-
mental and food industries for the identification and
quantitation of these residues. However, this methodology
typically requires extensive offline sample preparation,
which can be time consuming and expensive.

The Thermo Scientific EQuan environmental quantita-
tion system consists of a Thermo Scientific TSQ Quantum™
series mass spectrometer, two Thermo Scientific Surveyor™
HPLC pumps with a preconcentration column, an analytical
column, and a CTC autosampler. The unique capabilities of
EQuan for online preconcentration and cleanup of samples
result in improved sensitivity and precision, as well as
unmatched throughput.

In previous experiments, using the EQuan system for
online sample preconcentration and detection of pesticides
in ground water yielded lower limits of detection
compared to standard injection techniques. See Table 1.

Typically, when red wine is analyzed using LC-MS/MS,
some form of sample preparation and/or extraction is
necessary prior to injection. In this application note, the
EQuan system was tested for robustness using a matrix
of neat red wine spiked with a mixture of pesticides using
large volume (1000 pL) injections.

Goal

To test the robustness of an LC-MS system for an
automated online preconcentration system using a
dirty matrix.

Experimental Conditions

Sample Preparation

Red Burgundy wine was spiked with a mixture of nine
herbicides and six fungicides at a level of 500 pg/mL

(500 ppt). The following herbicides were analyzed:
atrazine, cyanazine, simazine, propazine, trietazine,
metazachlor, propachlor, pendimethalin, and propyzamide.
The following fungicides were analyzed: flutriafol,
triadimefon, epoxiconazole, flusilazole, tebuconazole,

and propiconazole. No other sample treatment was
performed prior to injection.

HPLC

HPLC analysis was performed using an HTC PAL™
Autosampler with two LC quaternary pumps and two LC
columns, the first for preconcentration of the sample and
the second for the analytical analysis. A sample of 1000
pL of the spiked neat wine was injected directly onto the
Thermo Scientific Hypersil GOLD 20x 2.1 mm, 12 pm
loading column in a high aqueous mobile phase (see
Figure 1a). After 1 minute, a six-port valve on the mass
spectrometer was switched by LCQUAN™2.5 instrument
control software. This enabled the load column to be
back flushed onto the analytical column (Thermo
Scientific Hypersil GOLD 50x2.1mm, 3 pm), where the

1mL 100 pL 1mL 100 pL 1mL 100 pL 1mL 100 pL
Injection | Injection = Gain Injection | Injection| Gain | Injection | Injection | Gain [Injection | Injection = Gain
Area Area Factor Area Area | Factor | Area Area Factor  Area Area Factor
Propham Isoproturon Diuron Linuron
1 ppt 5.53E+04 NA 1.97E+04 | 1.73E+03 11
5ppt | 2.17E+04 3.35E+05 | 3.17E+04) 11 |4.15RE+04 | 5.65E+03 1 6.96E+03
10 ppt | 2.71E+04 6.68E+05 | 4.90E+04, 14 | 8.25E+04 | 1.18E+04 1 1.99E+04
50 ppt | 5.09E+04 3.33E+06 | 2.82E+05 12 | 4.47E+05 | 3.72E+04 12 | 5.91E+04 | 7.98E+03 7
100 ppt | 6.51E+04 6.54E+06 | 5.24E+05 12 | 8.83E+05 | 7.60E+04 12 | 1.34E+05 2.50E+04 5
500 ppt = 2.47E+05  3.00E+04 8 3.11E+07 | 2.60E+06) 12 | 4.65E+06 | 3.80E+05 12 | 7.36E+05 | 1.28E+05 6
1000 ppt | 5.29E+05 | 5.69E+04 9 5.81E+07 | 5.23E+06] 11 | 9.39E+06 | 7.63E+05 12 | 1.43E+06 @ 2.47E+05 6
5000 ppt | 2.59E+06 | 2.82E+05 9 2.58E+08 | 2.44E+07) 11 | 4.95E+07 | 3.68E+06 13 | 9.49E+06 & 1.25E+06 8

Table 1: Calculations demonstrating the gain in peak areas due to larger injection volumes in ground water samples



compounds were separated prior to introduction into the organic phase before being re-equilibrated to their starting

mass spectrometer (see Figure 1b). After all of the com- conditions. The total run time for each analysis was 22
pounds were eluted from the analytical column, the 6-port  minutes. The mobile phases for the analysis were water
valve was switched back to the starting position, and the and methanol, both with 0.1% formic acid.

loading and analytical columns were cleaned with a high

( PRECONCENTRATE b ANALYZE )
Waste LC Pump Waste LC Pump
/
A&@ 400 pL/min
Pr tration - [ Preconcentration '~.
Column @&r } Column
Load Pump Analytical —>MS$S Load Pump/CTC Analytical ~>MS$S
and CTC Column Column
1 mL/min
PEEK™ Tubing
\ | | Flow Routing )
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LC Pump Plus Autosampler

o]
3mypersi| LD
r Analytical Column -
Surveyor 6-Port TSQ Quantum
MS Pump Plus Series MS
Preconcentration
Column

Figure 1: The schematic of the EQuan system used for this assay

Figure 2: lon sweep cap after several hundred injections, Figure 3: Electrospray ionization source with the electrospray probe removed,
showing contamination from red wine showing the main spray pattern directed towards the drain




MS
MS analysis was carried out on a Thermo Scientific TSQ
Quantum Ultra triple quadrupole mass spectrometer with
an electrospray ionization source. The MS conditions were
as follows:

Electrospray ionization: Positive

Spray voltage: 3.0 kV

Ton transfer tube temperature: 350 °C

Sheath gas pressure: 45 arbitrary units

Auxiliary gas pressure: 5 arbitrary units

Ton sweep gas pressure: 3 arbitrary units

Collision gas (Ar): 1.0 mTorr

Q1/Q3 peak resolution: 0.7 Da

Scan width: 0.002 Da

The source of the mass spectrometer was adjusted so

that the probe was off axis to prevent contamination
of the ion transfer tube. The position of the probe was set
so that the main spray pattern of the electrospray hit the
Ion Sweep™ cone below the center line and off to the left
by about 0.5 cm. The probe depth was set to position “C”
on the electrospray probe. An ion sweep gas of three arbi-
trary units was set to prevent any large droplets from
entering the ion transfer tube of the mass spectrometer.

Results and Discussion

The back pressure of the loading column and the analytical
column were monitored over the course of the wine injec-
tions to determine if the columns were becoming clogged
with any particulates from the wine. Over 600 injections,
the back pressure on the 12 pm loading column remained
at approximately 20 bar under the starting conditions of
the analytical run, while the back pressure on the 3 pm
analytical column remained at approximately 72 bar.

The resulting spray pattern of the electrospray can
be seen in Figure 2. A thick deposit of red wine residue
is clearly visible from just below the center of the sweep
cone to the outside radius. The red wine spray can also be
seen on the inside of the electrospray housing in Figure 3.
In the picture, the drain is dark purple in color, illustrating
that the main excess spray of the red wine was directed to
the bottom of the ion source and away from the main
orifice of the mass spectrometer. Additionally, the ESI
probe can be adjusted to be closer to the ion transfer tube,
which increases robustness by allowing less side scatter
from the electrospray beam, thus focusing the main spray
pattern lower on the ion sweep cap.

The reproducibility of the method is shown in Figure
4. The graph plots the peak area for metazachlor for 164
injections of red wine. The first four injections were
excluded from the %RSD calculation. Because the loading
column was new at the beginning of the runs, several
injections were required to condition the column before
a stable peak area was achieved. A representative chro-
matogram is shown in Figure 5.

As shown in Figure 6, after several hundred injections
of the spiked red wine matrix, no degradation in column
performance or source robustness was observed. In total,
over 600 injections were made on the system with no loss
in column performance.

Conclusion

This application note demonstrates the robustness of the
TSQ Quantum Ultra triple quadrupole mass spectrometer
and an online extraction and preconcentration method.
The described sample cleanup technique improves signal-
to-noise ratios by a factor of 10 to 100 (based on injection
volume) for low concentration

samples in red wine matrices.
Preliminary results using onion

and tobacco matrices have yielded
similar results in terms of column
performance and mass spectrometer
robustness. Further studies will be
conducted in other matrices, as well
as with other pesticides, herbicides,
and insecticides.
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Overview

Review of a new benchtop mass spectrometer based on

a stand-alone Thermo Scientific Orbitrap™ mass analyzer.
Key features of the instrument layout, analytical
parameters and typical applications are described.

Introduction

Over the past three years, the combination of Orbitrap
technology with a linear ion trap has become an
established platform for high resolution, accurate mass
LC/MS" analysis. The high resolving power, mass accuracy
and dynamic range of the Orbitrap analyzer allow
rigorous characterization of complex mixtures even in the
absence of precursor ion mass selection. We now describe
the development of a non-hybrid mass spectrometer
comprising of an atmospheric-pressure ion source
and a standalone Orbitrap mass analyzer.

Methods

All experiments were performed on a prototype of the
new Thermo Scientific Exactive™ mass spectrometer using
an electrospray ionization source.

Instrument Layout Overview

Figure 1 shows the schematic layout of the instrument.
Samples can be introduced introduced into the API source
by a variety of methods including direct infusion or an
U-HPLC system (Thermo Scientific Accela™).

The source is similar to the commercial source of the
Thermo Scientific TSQ Quantum Ultra™.

Ions are transferred from the source through four
stages of differential pumping using RF-only multipoles
into a curved RF-only trapping quadrupole (the C-trap).
In the C-trap, ions are accumulated and their energy
dampened using a bath gas (nitrogen). lons are then
injected through three further stages of differential
pumping using a curved lens system into the Orbitrap
analyzer where mass spectra are acquired via image
current detection. The vacuum inside the Orbitrap mass
analyzer is maintained below 1E-09 mBar.

Automatic Gain Control (AGC)

Automatic control of the number of ions in the Orbitrap
is performed by measuring the total ion charge using

a pre-scan and by calculating the ion injection time for the
analytical scan from this. For very high scan rates, the
previous analytical scan is used as a prescan to optimize
the scan cycle time without compromising automatic gain
control. Ion gating is performed using a fast split lens
setup that ensures the precise determination of the ion
injection time.

Higher Energy Collision Induced Dissociation (HCD)

In a HCD experiment, ions are passed through the C-trap
into a multipole collision cell where they are fragmented.
After that, the HCD cell voltages are ramped, and ions are
transferred back into the C-trap from where they are
injected into the Orbitrap for detection.

HCD Collision Cell C-Trap Octapole Split Lens
Lens
*Hh || |*Hh I Multipole
Lens

— — Curved
[y Lens RF Lens ﬂtl Skimmer

e System
— A7 O Tubelens

y

{

Orbitrap Mass Analyzer

Figure 1: Schematic layout of the instrument.
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Results

Automatic Gain Control (AGC)

A requirement of any ion trap device is the ability to In both, cases the mass resolution, mass accuracy and
control the ion population within the trap. When the ion signal-to-noise ratio are excellent. The AGC feature, in
population is not accurately maintained, it can result in combination with the precise determination of the ion
large variations in the quality of data. The correct AGC injection time, allows the instrument to be used for
functionality of the Exactive instrument is exemplified in accurate quantitative analyses.

Figure 2 by two mass spectra acquired in the middle and
at the end of an eluting LC peak of Buspirone.

Scan Speed

The use of a single mass analyzer with very high trans- high scan rates of up to 10 Hz. This is compatible with
mission characteristics, in combination with the use of fast  the narrow peak widths observed in fast chromatography
digital and analog electronics, allow high resolution analyses (Figure 2).

mass spectra to be detected, processed and recorded at
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Figure 2: LC peak and mass spectra of Buspirone acquired at a scan rate of 10 scans per second.

Mass Resolution

At a scan rate of 10 Hz, the resolving power of the To demonstrate the resolving power of the instrument,
instrument is > 10,000 at m2/z 200. Increasing the transient  a pesticide mixture was measured showing well resolved
detection time by a factor of 10 (corresponding to a scan isobaric peaks of Dimethon (m/z 231.0273) and Asulam
rate of 1 Hz), the mass resolution can be increased (m/z 231.0434) within a full scan spectrum (Figure 3).
beyond 100,000.
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Figure 3: Full scan spectrum of a pesticide mixture demonstrating a resolving power of up to 100,000.



Mass Accuracy and Stability

Using fully automated AGC and mass calibration
procedures, mass spectra with high mass accuracy are
recorded. The mass accuracy, precision and stability is
equally as good as that obtained in ion trap based hybrid
instruments, i.e. Thermo Scientific LTQ Orbitrap™ or
LTQ FT Ultra™.
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Figure 4 shows the mass accuracy and its stability
over time for different molecular ions of an ESI
calibration mixture. The full scan spectra were acquired at
a resolution setting of 100,000 in an infusion experiment
applying an external calibration, i.e. no lock masses were
used.
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Figure 4: Mass accuracy and stability of ions at different m/z values acquired in an infusion experiment without using lock masses.

Fast Polarity Switching

Due to the use of a novel power supply design, it is
possible to perform fast polarity switching without
sacrificing mass accuracy in any scans. Figure 5
demonstrates this feature by means of two experiments.

In the first experiment, the polarity was changed from scan
to scan to check mass accuracy at fast alternating polarity

switching corresponding to a full cycle of 1 positive and

1 negative scan within 1 second. In the second experiment,
the polarity was switched every 5 minutes to check for
potential drift effects. In both cases, full scan spectra were
acquired at a resolution setting of 30,000 in an infusion
experiment using an ESI calibration solution applying an
external calibration, i.e. no lock masses were used.
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Figure 5: Mass deviations of m/z 524 (positive ions) and m/z 514 (negative ions) observed in polarity switching experiments.



Dynamic Range

The dynamic range of the instrument varies by sample and

with the instrument settings, but it is typically about 3 to
4 orders of magnitude. Figure 6 shows that it is possible
to acquire full scan spectra with an in-scan dynamic range
of more than 13,000. The spectrum was acquired in an
infusion experiment using a mix of Buspirone (m/z 386)
and Caffeine (m/z 195).

The ratio of the Buspirone signal to the Caffeine
signal is greater than 13,000. Both peaks show mass
accuracies of less than 1 ppm. Thus, this spectrum
demonstrates not only the high in-scan dynamic range in
terms of signal, but also the high dynamic range in terms
of mass accuracy of this instrument — analogous to the
performance of a hybrid LTQ Orbitrap mass spectrometer.
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Figure 6: Spectrum of a mixture of Buspirone (m/z 386) and Caffeine (m/z 195) showing an in-scan dynamic range of > 13,000 and sub-ppm mass accuracies.

All lon Fragmentation (HCD)

The instrument design allows high efficiency “All Ion
Fragmentation“ experiments by means of Higher Energy
Collision Induced Dissociation (HCD).

As an example, Figure 7 shows full scan spectra of
Verapamil with and without HCD fragmentation and
demonstrates the high fragmentation efficiency and the
excellent mass accuracy of the HCD fragments.
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Figure 7: Full scan spectra of Verapamil with and without HCD fragmentation.




Applications

As a result of the described performance characteristics
of this new benchtop Orbitrap mass spectrometer, several
key applications are ideally suited to the use of the
Exactive mass spectrometer. Some of these are:

1. Exact mass measurements of organic compounds

2. Early drug discovery metabolism and pharmacokinetics
(DMPK)

3. General unknown screening

4. Multiple residue analysis (Pesticides, Mycotoxins,
veterinary drugs)

S. Metabolomics

For all of these applications, high resolution, accurate
mass measurements, together with high dynamic range, is
required for unequivocal results in full MS mode. Where it
is needed, additional information can be provided by use
of high resolution/high mass accuracy MS/MS
experiments in an “All Ion Fragmentation® mode. Figure
8 shows an extracted ion chromatogram of 116 pesticides
and mycotoxins at a level of 50 ppb in a very complex
matrix of horse feed extract at a mass resolution of
50,000. This exemplifies the high selectivity and sensitivity
of the instrument working in full scan mode, which is
a prerequisite for a successful screening approach, since
resolving matrix interferences from the target analytes is
essential.
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Conclusions

A new benchtop mass spectrometer has been developed
based on an API ion source combined with a stand-alone
Orbitrap mass analyzer. The key performance features
are as follows:

* Mass resolutions of up to 100,000

e Scan speeds of up to 10 Hz

* High in-scan dynamic range (4 orders of magnitude)

® Mass accuracies of better than 2 ppm in full scan and
“All Ton Fragmentation“ mode

e Fast polarity switching (full cycle of 1 positive and 1
negative scan within 1 second)

¢ High efficiency “All Ton Fragmentation® Higher Energy
Collision Induced Dissociation (HCD)

The instrument is very easy to operate and its
performance characteristics are ideally suited for discovery
work, screening applications, quantitative analyses and
elemental composition determinations.
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Introduction

A wide variety of phytosanitary products are commonly
applied in agricultural crops in order to increase production
yield and obtain high quality products. Consequently, the
control of pesticide residue levels by the performance of
monitoring programs is currently an increasing concern
for producers, traders, and consumers.

The method is the most diffused analytical
procedure for preparing samples of fruits and vegetables
while performing a multi-residues pesticides analysis in
combination with |GC-MS| and [LC-MS|systems.! The
analytical benefit of the QuEChERS method is the quick
procedure with only a short clean-up step to cover a wide
variety of polar and less polar pesticide compounds in a
multi-component approach. Due to the reduced clean-up
however, the produced sample extracts carry a high
concentration of vegetal matrix, that raise a particular
challenge to the GC and MS systems.

The application of structure selective MS/MS detection
for the quantitation of pesticides residues using multiple
reaction monitoring methods in fruits and
vegetables has been proven to overcome matrix effects.*3
The next challenge for commercial routine laboratories
is to increase sample throughput to keep pace with the
steady increase of the demand for food safety analysis.

In this work the Fast GC and tandem mass spectrometry
combination is presented as the analytical system to solve
the requirement for matrix robustness with high sample
throughput. The Fast GC-MS/MS analytical approach
requires a robust, selective and sensitive instrumental
system in order to quantify thousands samples/year with
short run times. The goal is to obtain a reliable pesticide
compound detection and quantification at ppb levels while
avoiding breakdown phenomena for the more reactive
compounds. The analytical setup and results for the screening
and quantitation of 233 pesticides in one Fast GC run is
described. For each pesticides compound 2 SRM transitions
have been used to comply with EU regulations for compound
confirmation gaining 5 EU identification points.

Experimental Conditions

Sample Preparation

10 g of sample was processed in according with the
QuEChERS procedures.' In the clean-up step the
graphitized carbon black treatment was not utilized in
order to avoid the loss of planar compounds as there are

the coplanar[PCBs|and byrethroidd 1 mL of final volume

of the extracts was reconstituted using acetone/hexane 1:1

after evaporation of the acetonitrile extraction solvent.

10 pL of a solution of Fenchlorphos (5 ppm in hexane) as
volumetric standard has been added before injection (1 pL).

A Thermo Scientific TSQ Quantum GC GC-MS/MS

system with a Thermo Scientific TRACE GC Ultra gas
chromatograph and TriPlus AS liquid autosampler was
used for analysis of the samples extracts, equipped and
programmed for a Fast GC analysis method, using the
following analytical parameters.

TRACE GC Ultra™ Conditions

He, constant flow 1 mL/min

PTV splitless mode with Siltek baffled liner 2 mm
ID (p/n 45372120)

70 °C, 0.02 min,

12 °C/s to 280 °C, 1.2 min,

14.5 °C/s to 320 °C, 6 min, clean flow 80 mL/min.

Carrier Gas:
Injector:

PTV Temp. Program:

Split: splitless injection, splitflow 50 mL/min at 1.3 min

Column Type: Restek Rxi-5Sil MS, 20 m, 0.18 mm, 0.18 ym
(Restek p/n 43602)

Transfer Line Temp.: 280 °C

GC Oven Program: 80 °C, 1.5 min

30 °C/minto 210 °C
20 °C/min to 320 °C, 2 min

TSQ Quantum GC™ Acquisition Parameter Setting

Source Temperature: 260 °C

Emission Current: 25 pA

lonisation Mode: El, 70 eV

Mass Resolution: Q1, Q3 at 0.7 Da (FWHM)
Collision Gas: Ar, 1.5 mTorr

Cycle Time: 0.30s

Acquisition Mode: Timed-SRM

Mass Table

467 Timed-SRM transition/Fast GC run, see Table 1
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Fast GC-MS/MS Data for Pesticide Standards (bl 1)

Precursor  Product CE  Rention Time Pesticid Precursor  Product CE  RentionTime Pesticide
212.02 182.02 10 8.09 Aclonifen 246.98 226.98 20 7.80 Chlorfenapyr
264.03 194.02 15 8.09 Aclonifen 248.98 228.98 20 7.80 Chlorfenapyr
181.02 152.04 25 8.85 Acrinathrin 174.98 110.98 10 7.62 Chlorfenson
208.05 181.04 8 8.85 Acrinathrin 301.96 174.98 10 7.62 Chlorfenson
161.07 146.06 12 6.54 Alachlor 266.98 158.99 15 7.09 Chlorfenvinphos-E+Z
188.08 160.07 10 6.54 Alachlor 322.97 26698 15 7.09 Chlorfenvinphos-E+Z
292.91 22292 20 6.94 Aldrin 220.04 166.03 23 8.38 Chloridazon
292.91 257.91 20 6.94 Aldrin 220.04 158.03 25 8.38 Chloridazon
293.19 147.10 15 9.24 Amitraz 153.98 120.98 5 472 Chlormephos
293.19 162.10 10 9.24 Amitraz 233.97 120.98 14 472 Chlormephos
215.09 200.09 10 595 Atrazine 263.88 167.92 25 6.18 Chlorathalonil
215.09 173.08 10 595 Atrazine 265.88 169.92 25 6.18 Chlorothalonil
132.01 71.01 20 9.43 Azinphos-ethyl 213.06 127.03 15 561 Chlorpropham
160.02 104.01 10 9.43 Azinphos-ethyl 213.06 171.04 10 5.61 Chlorpropham
132.02 77.02 20 9.15 Azinphos-Methyl 31393 257.95 15 6.85 Chlorpyrifos-ethyl
160.03 104.02 10 9.15 Azinphos-Methy! 315.93 259.95 12 6.85 Chlorpyrifos-ethyl
344.10 329.10 20 10.96 Azoxystrobin 285.91 9297 20 6.49 Chlorpyrifos-methyl
388.11 34510 15 10.96 Azoxystrobin 285.91 27091 25 6.49 Chlorpyrifos-methyl
23412 174.09 10 8.24 Benalaxyl 300.91 22293 25 6.90 Chlorthal-dimethyl
266.14 148.08 10 8.24 Benalaxyl 331.90 300.91 15 6.90 Chlorthal-dimethyl
166.06 151.06 15 3.94 Bendiocarb 259.01 188.01 15 7.15 Chlozolinate
223.08 166.06 15 3.94 Bendiocarb 188.01 147.01 20 7.15 Chlozolinate
292.10 160.05 21 5.63 Benfluralin 349.05 266.04 15 8.33 Clodinafop-propargyl
292.10 264.09 10 5.63 Benfluralin 349.05 23804 15 8.33 Clodinafop-propargyl
164.08 149.07 10 9.35 Benfuracarb 304.01 138.01 10 9.54 Clofentezine
190.09 144.07 10 9.35 Benfuracarb 304.01 132.01 10 9.54 Clofentezine
180.91 144.93 15 5.82 BHC, A+B+C+D 321.00 30400 22 751 Clorfluazuron
218.89 182.91 15 5.82 BHC, A+B+C+D 323.00 306.00 20 751 Clorfluazuron
154.08 152.08 15 451 Bifenil 251.02 139.02 22 7.97 Clorpropilato
154.08 153.08 15 451 Bifenil 253.01 139.00 15 797 Clorpropilato
181.05 141.04 22 8.77 Bifenthrin 226.01 198.00 12 9.72 Coumaphos
181.05 153.05 6 8.77 Bifenthrin 226.01 163.01 20 9.72 Coumaphos
170.09 115.06 25 9.62 Bitertanol 225.08 198.07 10 6.86 Cyanazine
170.09 141.07 20 9.62 Bitertanol 225.08 189.07 10 6.86 Cyanazine
342.01 140.01 20 10.12 Boscalid (Nicobifen) 206.03 1561.02 20 9.90 Cyfluthrin
344.01 140.01 20 10.12 Boscalid (Nicobifen) 226.03 206.03 17 9.90 Cyfluthrin
328.86 313.87 20 7.04 Bromophos-methy! 181.04 152.03 23 9.22 Cyhalothrin, lambda
330.86 315.87 20 7.04 Bromophos-methyl 197.04 141.03 15 9.22 Cyhalothrin, lambda
358.89 302.91 20 7.38 Bromophos-ethyl 163.03 127.02 12 10.07 Cypermethrin+alfametrina
358.89 330.90 10 7.38 Bromophos-ethyl 181.03 152.03 17 10.07 Cypermethrin+alfametrina
340.96 184.98 15 8.81 Bromopropylate 222.09 12505 20 7.89 Cyproconazole
342.96 18498 20 8.81 Bromopropylate 224.09 127.05 20 7.89 Cyproconazole
273.14 193.10 10 7.73 Bupirimate 22413 208.12 20 7.14 Cyprodinil
316.16 208.10 10 7.73 Bupirimate 225.13 210.12 18 7.14 Cyprodinil
104.94 104.00 9 775 Buprofezin 234.98 164.98 20 775 DDD, o,p
24913 193.10 10 7.75 Buprofezin 236.98 164.98 20 8.05 DDD, o,p
174.12 146.10 10 467 Butylate (Sutan) 234.97 198.97 18 8.05 DDD, p.p
217.15 156.11 5 4.67 Butylate (Sutan) 234.97 164.98 20 7.75 DDD, p,p
149.96 7898 15 8.58 Captafol 245.96 17597 25 142 DDE o,p
310.92 7898 10 8.58 Captafol 317.94 24595 20 142 DDE o,p
123.05 79.03 15 4.95 Captafol-captan Met. (THPI) 245.95 17597 25 7.68 DDE p,p
151.06 122.05 10 495 Captafol-captan Met. (THPI) 247.95 17597 20 7.68 DDE p.p
148.97 69.98 8 7.30 Captan 234.95 164.96 15 7.74 DDT o,p
148.97 104.98 8 7.30 Captan 236.94 16496 20 7.74 DDT o,p
164.01 149.00 10 591 Carbofuran 234.94 198.95 15 8.04 DDT p.p
221.01 164.00 5 591 Carbofuran 234.94 164.96 20 8.04 DDT p,p
341.97 156.99 10 8.27 Carbophenothion 252.93 171.95 10 10.89 Deltamethrin+Tralometrina
341.97 295.98 5 8.27 Carbophenothion 252.93 173.95 10 10.89 Deltamethrin+Tralometrina
330.03 31003 20 8.20 Carfentrazone-ethyl 199.06 93.03 15 6.09 Diazinon
340.03 312.03 20 8.20 Carfentrazone-gethyl 304.10 179.06 15 6.09 Diazinon
372.81 265.87 15 147 Chlordane 222.98 204.98 10 6.43 Dichlofenthion
374.81 267.87 15 7.47 Chlordane 278.97 222.98 15 6.43 Dichlofenthion
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Precursor  Product CE  RentionTime Pesticide Precursor  Product CE  Rention Time Pesticid

223.97 122.99 15 6.79 Dichlofluanid 145.08 117.07 15 8.97 Fenazaquin
225.97 122.99 15 6.79 Dichlofluanid 160.09 117.07 20 8.97 Fenazaquin
205.97 175.97 10 592 Dichloran 129.04 102.03 15 9.91 Fenbuconazole
207.96 177.97 10 592 Dichloran 198.07 129.04 10 9.91 Fenbuconazole
184.95 92.98 17 3.82 Dichlorphos 284.82 269.97 12 6.61 Fenchlorphos (VS)
219.95 184.95 10 3.82 Dichlorphos 286.72 272.08 12 6.61 Fenchlorphos (VS)
270.07 159.04 15 7.80 Diclobutrazol 177.04 113.02 15 8.39 Fenhexamid
272.08 161.04 15 7.80 Diclobutrazol 301.06 97.02 15 8.39 Fenhexamid
138.97 110.97 20 6.98 Dicofol (1st, 2nd degr.) 271.02 109.01 8 6.72 Fenitrothion
250.94 138.97 15 6.98 Dicofol (1st, 2nd degr.) 277.02 260.02 10 6.72 Fenitrothion
276.92 20693 20 7.83 Dieldrin 265.13 89.04 10 8.86 Fenpropathrin
276.92 240.92 10 7.83 Dieldrin 265.13 210.10 15 8.86 Fenpropathrin
267.15 225.12 8 6.83 Diethofencarb 14513 1M7.11 10 6.72 Fenpropidin
267.15 168.09 10 6.83 Diethofencarb 274.25 98.09 10 6.72 Fenpropidin
323.05 265.04 15 10.75 Difenoconazole 1+2 128.11 70.06 15 6.89 Fenpropimorph
325.05 267.04 20 10.75 Difenoconazole 1+2 128.11 110.09 15 6.89 Fenpropimorph
266.05 246.05 10 8.48 Diflufenican 267.98 7700 20 7.03 Fenson

394.07 266.05 10 8.48 Diflufenican 267.98 141.00 10 7.03 Fenson

125.00 79.00 15 592 Dimethoate 293.03 125.01 10 7.97 Fensulfothion
229.01 87.01 5 592 Dimethoate 293.03 97.01 16 7.97 Fensulfothion
301.10 165.05 10 11.04 Dimethomorph 142 278.02 109.01 18 6.88 Fenthion

387.12 301.10 12 11.04 Dimethomorph 1+2 278.02 169.01 20 6.88 Fenthion

268.06 232.05 15 8.02 Diniconazole 167.05 125.04 10 10.52 Fenvalerate 1+2
270.06 234.05 15 8.02 Diniconazole 41913 225.07 10 10.52 Fenvalerate 1+2
305.08 244.07 15 6.17 Dinitramine 419.94 350.95 15 7.03 Fipronil

307.08 216.06 15 6.17 Dinitramine 421.94 352.95 15 7.03 Fipronil

167.09 165.09 20 7.04 Diphenamid 383.13 254.09 20 7.85 Fluazifop-P-butyl
239.13 167.09 10 7.04 Diphenamid 383.13 282.10 15 7.85 Fluazifop-P-butyl
167.10 166.09 25 551 Diphenylamine 388.90 352.20 12 7.72 Fluazinam
169.10 168.09 20 5.51 Diphenylamine 388.90 354.20 12 7.72 Fluazinam
142.01 109.01 10 6.20 Disulfoton 167.00 77.00 15 7.52 Flubenzimine
186.02 153.02 5 6.20 Disulfoton 186.00 77.00 25 7.52 Flubenzimine
271.03 243.03 5 7.51 Ditalimfos 199.07 107.04 22 10.14 Flucitrinate 142
299.04 243.03 10 7.51 Ditalimfos 199.07 157.06 10 10.14 Flucitrinate 1+2
273.88 238.89 15 7.54 Endosulfan A+B 248.04 154.02 20 7.60 Fludioxonil
271.88 236.89 15 7.54 Endosulfan A+B 248.04 182.03 15 7.60 Fludioxonil
280.91 244.92 5 8.07 Endrin 211.04 183.03 10 6.89 Flufenacet
344.88 280.90 8 8.07 Endrin 211.04 123.02 10 6.89 Flufenacet
192.04 138.03 10 8.26 Epoxiconazole 346.95 171.93 26 8.36 Fluopicolide
192.04 111.02 10 8.26 Epoxiconazole 346.95 176.02 26 8.36 Fluopicolide
128.08 86.05 5 4.35 EPTC 313.01 174.01 15 6.96 Fluorocloridone I+l
189.12 128.08 5 4.35 EPTC 313.01 187.01 15 6.96 Fluorocloridone I+l
245.04 173.03 15 8.00 Etaconazole 1+2 340.01 286.01 25 9.73 Fluguinconazole
245.04 191.03 10 8.00 Etaconazole 1+2 340.01 298.01 22 9.73 Fluguinconazole
230.99 129.01 20 8.03 Ethion 233.07 152.06 20 172 Flusilazole
230.99 174.99 15 8.03 Ethion 233.07 165.06 20 172 Flusilazole
202.14 14510 20 5.91 Ethoxyquin 123.04 75.03 15 7.55 Flutriafol

202.14 174.12 15 5.91 Ethoxyquin 219.07 123.04 15 7.55 Flutriafol

163.09 135.07 10 10.21 Etofenprox 250.06 200.05 20 10.57 Fluvalinate tau
163.09 107.06 16 10.21 Etofenprox 252.06 200.05 20 10.57 Fluvalinate tau
158.04 130.03 10 553 Etoprofos 261.60 129.80 15 7.35 Folpet

200.05 158.04 10 553 Etoprofos 261.60 234.40 5 7.35 Folpet

210.93 182.94 15 478 Etridiazole (Terrazole) 146.98 103.24 15 4.86 Folpet met.
210.93 139.95 15 478 Etridiazole (Terrazole) 146.98 104.39 15 4.86 Folpet met.
292.06 153.03 10 6.21 Etrimfos 137.02 109.01 10 6.11 Fonofos

292.09 181.04 10 6.21 Etrimfos 246.03 137.02 10 6.11 Fonofos

238.08 209.07 20 8.88 Fenamidone 224.01 125.01 15 6.34 Formathion
238.08 237.08 20 8.88 Fenamidone 224.01 196.01 10 6.34 Formathion
288.10 260.09 10 7.54 Fenamiphos 242.11 95.04 15 7.26 Furalaxyl

303.11 260.09 15 7.54 Fenamiphos 301.13 225.10 10 7.26 Furalaxyl

139.01 111.01 15 9.38 Fenarimol 375.05 316.04 10 7.33 Haloxyfop-methyl
251.03 139.01 15 9.38 Fenarimol 375.05 288.04 20 7.33 Haloxyfop-methyl
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Fast GC-MS/MS Data for Pesticide Standards (1ubie 1 continued)

Precursor  Product CE  Rention Time Pesticid Precursor  Product CE  RentionTime Pesticide
273.87 238.88 15 6.63 Heptachlor 127.03 95.03 20 7.72 Monaocrotophos
271.87 236.89 15 6.63 Heptachlor 192.05 127.03 10 7.72 Monacrotophos
182.91 154.93 15 7.26 Heptachlor epoxide B 179.07 125.05 15 382 Myclobutanil
134.93 98.95 15 7.26 Heptachlor epoxide B 179.07 90.00 30 7.58 Myclobutanil
352.83 262.87 15 723 Heptachlor epoxide A 109.00 79.00 12 7.58 Naled
352.83 28186 16 723 Heptachlor epoxide A 128.07 7204 10 791 Napropamide
124.01 89.01 10 5.26 Heptenophos 271.16 128.07 5 7.91 Napropamide
250.02 89.01 25 7.62 Heptenophos 201.99 138.99 21 8.48 Nitrofen
28381 213.86 20 7.62 Hexachlorobenzene (HCB) 282.98 252.98 15 8.48 Nitrofen
283.81 24884 20 147 Hexachlorobenzene (HCB) 235.05 139.03 15 5.09 Nuarimol
214.05 17204 20 7.47 Hexaconazole 314.06 139.03 15 5.09 Nuarimol
214.05 187.04 15 5.26 Hexaconazole 170.07 115.05 20 7.68 Ortho-phenylphenol
184.05 149.04 10 7.62 Hexythiazox 170.07 141.06 20 7.68 Ortho-phenylphenal
227.07 149.04 10 7.62 Hexythiazox 258.05 175.04 10 8.02 Oxadiazon
173.00 145.00 20 10.79 Imazalil 304.06 260.05 10 8.02 Oxadiazon
175.00 147.00 16 10.79 Imazalil 163.07 117.06 40 7.71 Oxadixyl
203.03 106.01 20 8.72 Indoxacarb 163.07 132.06 10 7.1 Oxadixyl
203.03 134.02 20 8.72 Indoxacarb 300.03 223.02 10 7.46 Oxyfluorfen
314.03 245.03 15 8.00 Ipradione 361.03 300.03 12 7.46 Oxyfluorfen
316.03 247.03 15 8.00 Iprodione 236.10 125.06 15 7.01 Paclobutrazol
243.88 187.00 16 6.08 Iprodione degr. 236.10 167.07 15 7.01 Paclobutrazol
243.88 188.00 16 6.08 Iprodione degr. 149.03 119.02 10 6.19 Paraoxon-ethyl
213.07 121.04 17 7.05 Isofenphos 220.05 174.04 10 6.19 Paraoxon-ethyl
213.07 185.06 10 7.05 Isofenphos 230.02 136.01 10 6.92 Paraoxon-methyl
280.15 180.10 15 7.72 Isopropalin 230.02 200.02 10 6.92 Paraoxon-methyl
280.15 238.13 10 7.72 Isopropalin 291.03 109.01 15 6.53 Parathion-ethyl
131.06 116.06 20 8.34 Kresoxim-methyl 291.03 137.02 10 6.53 Parathion-ethyl
206.09 131.06 15 8.34 Kresoxim-methyl 262.99 109.00 15 7.18 Parathion-methy!
153.09 8205 15 5.00 Lenacil 262.99 246.00 15 7.18 Parathion-methyl
153.09 136.08 15 5.00 Lenacil 248.06 157.04 25 5.75 Penconazole
175.99 120.99 20 460 Lufenuron 1 248.06 192.04 15 5.75 Penconazole
175.99 147.99 20 4.60 Lufenuron 1 125.05 89.04 12 7.12 Pencycuron
352.99 173.99 25 6.77 Lufenuron 2 180.07 125.05 12 712 Pencycuron
352.99 202.99 25 6.77 Lufenuron 2 252.13 162.08 12 9.64 Pendimethalin
173.02 99.01 10 8.60 Malathion 252.13 191.09 12 9.64 Pendimethalin
173.02 127.01 10 8.60 Malathion 183.04 153.03 15 7.24 Permethrin 142
253.04 190.03 20 7.49 Mefenpyr-diethyl 183.04 165.03 15 7.24 Permethrin 1+2
253.04 189.03 20 7.49 Mefenpyr-diethyl 274.03 246.02 10 5.75 Phenthoate
222.11 207.10 15 6.58 Mepanipyrim 274.03 121.01 7 5.75 Phenthoate
223.11 208.10 15 6.58 Mepanipyrim 231.01 203.01 10 9.1 Phorate
234.11 174.11 10 7.81 Metalaxyl 260.01 75.01 5 9N Phorate
249.13 190.10 10 7.81 Metalaxyl 181.99 111.00 15 8.79 Phosalone
202.09 174.07 5 AN Metamitron 366.99 181.99 10 8.79 Phosalone
202.09 186.08 10 71 Metamitron 160.01 77.01 20 6.40 Phosmet
133.05 117.04 20 5.71 Metazachlor 160.01 133.01 15 6.40 Phosmet
209.07 132.05 12 5.71 Metazachlor 227.05 127.03 15 6.29 Phosphamidon I+l
164.05 136.04 20 7.38 Methabenzthiazuron 264.06 127.03 15 6.29 Phosphamidon I+l
164.05 135.04 20 7.38 Methabenzthiazuron 166.10 137.08 10 7.00 Pirimicarb
144.98 57.99 15 8.48 Methidathion 238.14 166.10 15 7.00 Pirimicarb
144.98 84.99 10 8.48 Methidathion 304.12 168.06 15 6.68 Pirimiphos-ethyl
227.01 169.01 20 6.85 Methoxychlor | 333.13 318.12 15 6.68 Pirimiphos-ethyl
227.01 212.01 15 6.85 Methoxychlor | 290.09 233.07 10 9.76 Pirimiphos-methyl
162.08 133.06 15 6.48 Metolachlor 305.10 290.09 15 9.76 Pirimiphos-methyl
238.11 162.08 15 6.48 Metolachlor 180.01 138.01 15 7.29 Prochloraz
198.08 82.03 20 464 Metribuzin 308.03 70.01 10 7.29 Prochloraz
198.08 110.05 20 464 Metribuzin 283.02 255.02 10 7.66 Procymidone
127.04 109.02 10 9.37 Mevinphos 285.02 257.02 10 7.66 Procymidone
192.04 127.03 12 9.37 Mevinphos 336.94 266.95 20 6.01 Profenofos
269.81 234.84 15 5.18 Mirex 338.94 268.95 20 6.01 Profenofos
271.81 236.84 15 5.18 Mirex 318.10 198.05 15 591 Profluralin
126.07 55.03 10 5.67 Molinate (Ordram) 330.10 302.10 5 591 Profluralin
187.10 126.07 10 5.67 Molinate (Ordram) 225.16 183.13 10 6.60 Prometon
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Precursor  Product CE  RentionTime Pesticide Precursor  Product CE  Rention Time Pesticid

225.16 210.15 10 6.60 Prometon 145.00 117.00 10 8.91 tebufenozide
226.13 184.10 12 543 Prometryn 160.00 145.00 15 8.91 tebufenozide
241.15 184.10 15 5.43 Prometryn 276.13 171.08 15 5.35 Tebufenpyrad
176.06 120.04 10 6.44 Propachlor 318.15 145.07 15 5.35 Tebufenpyrad
196.07 120.04 10 6.44 Propachlor 260.88 202.90 15 6.19 Tecnazene
217.01 161.00 10 8.49 Propanil 258.88 200.90 15 6.19 Tecnazene
219.01 163.00 10 8.49 Propanil 177.02 127.02 20 6.07 Tefluthrin
135.06 107.05 15 6.03 Propargite 197.03 141.02 15 6.07 Tefluthrin
173.08 105.05 12 6.03 Propargite 231.04 175.03 15 6.02 Terbufos

236.07 166.05 15 479 Propetamphos 231.04 203.03 10 6.02 Terbufos

236.07 194.06 5 479 Propetamphos 214.10 104.05 10 6.70 Terbuthylazine
137.07 93.05 8 8.30 Propham 214.10 13206 10 6.70 Terbuthylazine
179.09 93.05 15 8.30 Propham 24114 185.10 10 742 Terbutryn
259.02 173.02 20 541 Propiconazole 1+2 24114 170.10 15 7.42 Terbutryn
261.02 175.02 20 541 Propiconazole 1+2 328.91 108.97 22 6.89 Tetrachlorvinphos
110.00 64.00 10 6.10 Propoxur 330.91 108.97 22 6.89 Tetrachlorvinphos
152.00 110.00 10 6.10 Propoxur 336.02 218.01 20 9.06 Tetraconazole
145.01 109.01 15 7.63 Propyzamide 336.02 204.01 20 9.06 Tetraconazole
173.01 109.01 18 7.63 Propyzamide 226.93 198.94 18 8.72 Tetradifon
266.97 238.97 10 10.56 Prothiofos 355.88 228.93 10 8.72 Tetradifon
308.97 238.97 5 10.56 Prothiofos 164.09 107.06 17 6.55 Tetramethrin
132.03 77.02 15 9.33 Pyraclostrobin 164.09 135.07 10 6.55 Tetramethrin
325.08 13203 20 9.33 Pyraclostrobin 264.96 9299 20 7.20 Tolclofos-methyl
221.05 193.04 10 9.74 Pyrazophos 264.96 249.96 15 7.20 Tolclofos-methyl
232.05 204.05 10 9.74 Pyrazophos 238.09 137.05 15 6.93 Tolylfluanid
147.06 117.04 20 8.69 Pyridaben 240.09 137.05 15 6.93 Tolylfluanid
309.12 147.06 15 8.69 Pyridaben 208.07 111.04 25 7.28 Triadimefon
340.06 109.02 10 7.20 Pyridaphenthion 208.07 181.06 10 7.28 Triadimefon
340.06 199.04 10 7.20 Pyridaphenthion 128.05 100.04 10 8.15 Triadimenol
262.03 192.02 20 6.16 Pyrifenox 1+2 168.06 70.03 10 8.15 Triadimenol
262.03 200.02 20 6.16 Pyrifenox 142 161.03 105.02 13 3.82 Triazophos
198.11 118.07 35 7.25 Pyrimethanil 257.05 162.03 10 3.82 Triazophos
198.11 183.10 15 7.25 Pyrimethanil 161.94 160.93 8 7.69 Triciclazole
146.03 91.02 15 8.34 Quinalphos 188.98 16093 20 7.69 Triciclazole
146.03 118.02 15 8.34 Quinalphos 116.04 89.03 15 8.24 Trifloxystrobin
237.05 208.00 20 6.03 Quinoxyfen 131.04 130.04 10 8.24 Trifloxystrobin
272.01 237.00 20 6.03 Quinoxyfen 306.10 160.05 15 561 Trifluralin
292.84 234.87 15 6.68 Quintozene (PCNB) 306.10 264.09 15 5.61 Trifluralin
294.84 236.87 20 6.68 Quintozene (PCNB) 145.02 87.01 10 7.43 Vamidothion
129.93 9495 22 8.53 S421 145.02 112.02 10 7.43 Vamidothion
131.93 96.95 22 8.53 S421 284.97 212.00 15 6.51 Vinclozolin
178.01 81.00 24 5.65 Sethoxydim 286.97 214.00 15 6.51 Vinclozolin
178.01 107.95 21 5.65 Sethoxydim 187.01 159.01 15 7.67 Zoxamide
202.01 146.01 15 7.31 Sulfotep 258.02 187.01 15 7.67 Zoxamide
322.02 202.01 15 7.31 Sulfotep 187.02 159.01 15 7.30 Zoxamide-metab.
255.78 159.87 12 8.50 Sulphur 242.01 214.01 15 7.30 Zoxamide-metab.
255.78 9583 24 8.50 Sulphur

Table 1: 467 Timed-SRM transitions used in one run for pesticide compound

250.12 125.06 20 8.97 Tebuconazole detection and quantitation

252.12 127.06 20 8.97 Tebuconazole

Sample Measurements

meets the optimum acquisition conditions for each
compound by only monitoring the pesticides compound

in a small window around the compound retention time.
With a short retention time window of 18 seconds for
every compound, even in the highest density elution zone,
there are up to 80 SRM scans with a scan time lower than
4 ms. For the other areas of the chromatogram, scan times
of up to 30 ms are resulting.

More than 3,500 samples were analysed in 6 months.
A weekly calibration curve for each of the pesticide
components in the assay and volumetric standard
quantification has been performed.

Figure 1 shows the highly overlapped elution of the
compounds in a single run. The SRM distribution in
Figure 2 shows the typical low homogeneity of the retention
time distribution of a Fast GC run. The unique acquisition
mode “Timed-SRM” of the TSQ Quantum series instruments
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Figure 3: Calibration curve and integrated peak area of the lowest level (5 ppb) in apple matrix (Dichlorvos, Mevinphos, Propargite, Quinoxifen)

Results

Figure 3 shows the operative calibration curves and
integrated peak area of the lowest calibration level (5 ppb)
in apple matrix. The correlation factor of the linear
calibration was always higher than 0.9950. A great
sensitivity could be shown at the 5 ppb level with a S/N
better than 15 for the compounds investigated.

The analysis was run at the increased mass resolution
set to 0.7 Da peak width (FWHM) in Q1 and Q3. The
hyperbolic rods of the mass separating quadrupoles produce
a high precision quadrupolar electrical field that allow a
high ion transmission coupled with increased selectivity
against the unspecific matrix of the extracts. The curved
square rods of the collision cell provide increased efficiency
of the fragmentation especially with high ion transmission
for high sensitivity. The often observed high background of
neutral compounds is efficiently removed by the 90° bended
collision cell and the off axis multiplier for low noise
detection with high S/N values at low pesticides
concentrations in these matrix samples.

For the large number of pesticide compounds in a
Fast GC separation Figure 4 shows the sampling rate with
the chromatographic profile of Flusilazole at the lowest
calibration point of 5 ppb in apple matrix. The high statistics
of sampling is the instrumental characteristics that allow
the high repeatability and precision of peak integration.

With the Timed-SRM acquisition setting the two mass
separating quadrupoles Q1 and Q3 increase the efficiency
of sampling with only short acquisition windows around
the expected compound retention time of every eluted
compound. This acquisition mode is ideally suited for
Fast GC separations.
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Figure 4: Flusilazole at 5 ppb in apple matrix
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Figure 5 shows the superimposed chromatographic
profiles of 5 repeated injections of Flucythrinate at 5 ppb
in apricot matrix. The coefficients of variation (CV%) of
the area integration was in the range and below of 10%.
These results demonstrate the compatibility of the Fast
GC solution with the TSQ Quantum GC for a true fast
and reliable quantification.
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Figure 5: 5 injections of Flucythrinate at 5 ppb in apricot matrix
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Figure 6: Iprodione at 15 ppb in onion sample
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As one of the compounds with most critical
chromatographic behavior, Figure 6 shows the elution
profile of Iprodione at the 15 ppb level in an onion sample.
A very symmetrical peak shape is associated with a very
good sensitivity demonstrating the inertness and integrity
of the chromatographic system from injector to transfer
line and ion source. The high speed of the analysis
additionally decreases the residence.

Conclusion

With the described method, a very good linearity,
sensitivity and robustness have been obtained at the
sensitivity levels required for being fully compatible with
the reliable quantification of pesticides in vegetal matrix,
with very limited breakdown phenomena and without any
tailing chromatographic peaks.

The Fast GC-MS approach using the TSQ Quantum
GC-MS/MS system is not only a faster method to obtain
high throughput of analysis, but also the productive
solution to improve the general quality of the analytical
results. The Thermo Fisher TSQ Quantum GC-MS/MS
system has proven to provide fast data acquisition for
reliable integration of short Fast GC peaks with high
selectivity and sensitivity.
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Overview

Purpose:

To demonstrate the analytical advantages of using high
resolution (> 40,000) for the accurate screening

of pesticides in complex matrices using a new benchtop
Thermo Scientific Orbitrap detector.

Methods:

Use of a Ultra High Pressure Liquid Chromatography
(U-HPLC) coupled with Orbitrap™ detector (Thermo
Scientific Exactive) operating in high resolution mode.

Results:
The combination of high resolution (15,000 — 50,000)
accurate mass is required for the detections of pesticides

and [mycotoxins|

Introduction

Screening of pesticides, mycotoxins and veterinary drugs is
of great importance in regulated environments, such as
food and animal feed analysis. Traditionally, these type

of experiments have been carried out using triple quadru-
pole instruments. This approach has certain limitations:

° no post acquisition re-interrogation of data
¢ limited number of compounds per analysis
e cannot screen unidentified unknowns

Because of these limitations, there is currently a trend
towards full scan MS experiments in residue analysis.
Current screening approaches are performed using high
performance [ToF] instruments, with mass accuracies
of < Sppm and resolutions of about 15,000, coupled to
Ultra High Performance Liquid Chromatography
(U-HPLC).

HCD Collision Cell C-Trap

Octapole

In complex sample matrices (e.g. food, feed, hair,
honey) this limited resolution leads to inaccurate mass
measurements caused by unresolved background matrix
interferences. In this work, we show a full scan screening
approach using a novel single stage Orbitrap mass
spectrometer coupled to U-HPLC, capable of providing
high mass accuracy at resolutions of up to 100,000.

Additionally, we will discuss two aspects of the
analysis which also greatly benefit from very high
resolution:

* resolving co-eluting, isobaric target compounds

e elemental composition determination

Methods

A new non-hybrid single stage Orbitrap mass spectro-
meter (Exactive™, Thermo Fisher Scientific, Bremen,
Germany) coupled to a U-HPLC chromatograph

(Thermo Scientific Accela™, Thermo Fisher Scientific, San
Jose, USA) was used to evaluate a highly complex mixture
of 116 pesticides, mycotoxins and plant toxins in different
concentrations. A 12 min gradient was applied to a 50 x 2
mm RP C18 column (Thermo Scientific Hypersil GOLD™
1.9 um particles, Thermo Fisher Scientific, Madison, USA)
with water/acetonitrile eluents. The method developed was
evaluated with respect to sensitivity, selectivity and
linearity in standard solutions and extracts from animal
feed. Mass measurements were performed at different
resolution settings (R = 15,000 and R = 50,000) to enable
comparisons to data acquired by ToF instruments and to
demonstrate the advantage of ultra high resolution.
Orbitrap detection was carried out using automatic
control of the number of ions entering the detector

(AGC, target value = 109).
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Figure 1: Schematic of the new Orbitrap benchtop mass spectrometer, including HCD collision cell for “All lon Fragmentation”.
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Results

Parathion
292.04031
Resolution of Isobaric Pesticides 100 C,oHi:0.NOPS
In cases where isobaric compounds co-elute, erroneous 90
mass accuracy and elemental composition assignment will % Thiamethoxam
occur if the resolving power of the mass spectrometer is 29202656
N ) CaH.iCIN,O,S
insufficient to separate these compounds. Figure 2 shows g 70
two pesticides Thiamethoxam (CgH;,CIN;0O5S) and ‘,E 60
Parathion (C;(H;4,NO,PS), which have protonated 3 60
molecular ions (MH*) at 292.02656 and 292.04031, 2
respectively. A resolution higher than 40,000 is needed to T 40
resolve the protontated molecular ion of these two . 30 Measured
compounds completely. This is a pre-requisite for analysis —— Simulated
of low concentration compounds in the presence of higher 20
abundant ones. The example in Figure 2 shows an 10
approximate 1:3 mixture of both pesticides measured O ——————————
and simulated. 29198 29200 29202 29204 29206  292.08
m/z
Influence on Elemental Composition Determination 100 Parathion
A limited resolution of 15,000 results in two major % 292.04031
limitations. First, the detection of unresolved doublets C1oH1s0sNOPS
may result in significant mass errors, which are outside the 80
characteristic accuracy specification of the Exactive 70 )
instrument. As a consequence, at lower resolution settings, 2 e Th'zégeé;gégm
the mass windows for elemental composition ] CBH116IN5038
determination have to be increased, resulting in much = 50
larger number of elemental composition proposals for the 2y
unknown or targeted compounds. This can be seen for the =
example (Figure 3) of Pirimicarb at m/z 239.1503. Due to = 0 Measured
the presense of an isobaric interference, the peak at 239 20 — Simulated
shows a mass error of 6.5 ppm. At a resolution of 15,000, 10
the underlying interference causes an apparent shift to 0
. . . N ™ T T T T T T T T T T T T T T
higher mass, whereas at higher resolution (here 80,009), 291?98 292_100 292_'02 2920 292?06 292?08
the doublet is clearly resolved, and the mass accuracy is mz

well within instrument specifications.

Figure 2: Mass chromatogram of two isobaric pesticides measured at
a resolution of 15,000 (left) and 50,000 (right). Superimposed is the
simulated mass trace at each resolution setting.
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Figure 3: Improved mass accuracy simply by increasing the resolution in order to resolve the doublet. The peak at 15,000 resolution splits up
into 2 by increasing the resolution to 80,000.




In order to limit the number of candidate elemental
compositions to a single confident assignment, a sophisti-
cated software algorithm is used. It takes into account the
peak height and mass accuracy of the monoisotopic peak
and its isotopes. However, in order to function correctly,
all of the accurate mass values for the isotopic peaks must
be within specified limits. The absence of interference
peaks can only be assured by use of high resolution, (as
can be seen in Figure 4). Here the fungicide, Azoxystrobin,
is shown at resolutions of 15,000 and 80,000. The
medium resolution spectrum shows very good mass
accuracy for the monoisotopic peak, but gives unusually
high mass errors for the A+1 and A+2 ions. This is due to
an interference at m/z 405.1452, which cannot be resolved
at medium resolution. Whereas, the high resolution
spectrum shows exellent mass accuracy for all three
measured isotopes. Determining elemental compositions
using data acquired at ~15,000 resolution will result in
misleading or incorrect data. Only sufficient high
resolution allows the determination of the accurate mass
of the complete molecular ion cluster, and therefore allows
automated assignment of an elemental formula with
a high degree of confidence.

Analyzing highly complex samples such as extracts
from food or animal feed, and the screening of regulated
substances including pesticides, mycotoxins and veterinary
drugs is a major analytical challenge for mass spectro-
metry. On one hand, the methodology must have a high
intra scan dynamic range in order to detect low
concentrated compounds in presence of high abundant
matrix ions, on the other hand high selectivity and high
sensitivity is needed to avoid false positive, or even worse,
false negative results. In our procedure, we analyzed an
extract from horse feed as an example of extremely
complex matrix, spiked with a mixture of 116 pesticides
and mycotoxins. A dilution series ranging from 2 to 250
ppb (for each compound) was measured in duplicates at
two different resolution settings. In addition, a 100 ppb
sample of the same mixture was analyzed at a resolution
of 50,000 in order to determine the maximum number
of detectable substances for this method.
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Figure 4: The importance of resolution for the molecular ion AND its isotopes. At

high resolution the complete molecular ion cluster is correctly detected.





