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Abstract

A combination of UHPLC followed by LC/Q-TOF-MS was used to detect suites of
polyethylene glycol compounds (PEGs) that occur in flowback water samples from
hydraulic fracturing. The Kendrick Mass Defect was applied to differentiate the vari-
ous adducts within a suite of PEGs. A database of the accurate masses along with
their retention times by UHPLC has been designed to enable rapid and accurate
analysis of either groundwater or flowback samples from hydraulic fracturing.

Forty PEGs and their various adducts and multiply-charged ions can be identified in

less than 2 minutes of computer time.

»-'-_}:.:{--‘ Agilent Technologies



Introduction Table 1. LC and Q-TOF MS Conditions and Analysis Parameters

LC run conditions
Hydraulic fracturing (fracking) extracts oil and gas by forcing Column Agilent ZORBAX Eclipse XDB-C8, 4.6 x 150 mm, 3.5 um
fluids into oil and gas rich shale deposits. The fracking fluids
contain a mixture of proppants (sand), surfactants, biocides,
inorganic salts, and other compounds intended to facilitate
the release of the trapped gas. More than 7,000 wells have
been drilled in Colorado alone, and reports of groundwater

Column temperature 25 °C
Injection volume 10 L

Mobile phase A) 0.1% formic acid in water v/v
B) Acetonitrile

L. . . Linear gradient 10% B for 5 minutes;
contamination have qccurred mgst notably in Wyoming, New 10% B 10 100% B over 25 minutes
York, and Pennsylvania [1]. The first water that returns from )

. . . Flow rate 0.6 mL/min
the fracking process (flowback) has the potential to contami- _
nate nearby aquifers or surface water. Care is taken to recycle Postrun 12 minutes
the flowback water, or to dispose of it properly, although the Q-TOF MS conditions
Safe Drinking Water Act does not apply to hydraulic fracturing lon mode ESI, positive
solutions [2]. Thus, there is a demand for tracer compounds Drying gas 10 L/min
that are indicative of the presence of contamination by Gas temperature 325 °C
hydraulic fracturing and do not occur in the subsurface [2]. Nebulizer gas 15 psig
In this application note, a combination of ultra high perfor- Sheath gas 11 L/min at 350 °C
mance liquid chromatography (UHPLC) followed by quadru- Capillary voltage 4,000 v
pole time-of-flight tandem mass spectrometry Nozzle voltage 1,000 v
(Q-TOF-MS/MS) was used to detect a bimodal distribution of Fragmentor voltage 190 V
polyethylene glycols that may be used as !ndicator com- Skimmer voltage 45V
pounds for groundwater or gurface water impacted by . Octopole RF 750V
flowback waters. The Kendrick Mass Defect [2,3] was applied
. . . . . Mass range m/z50-1,000
in a novel application to differentiate the various adducts of a

Detector rate 2 GHz

suite of glycols, in particular, the proton, ammonium, and

sodium adducts of each of the chains of glycols. The database ~ Resolving power 30,000 at m/z 1,522

of the accurate masses along with their retention times by

UHPLC is needed to provide a rapid and accurate analysis of .

either groundwater or surface water samples using Agilent Data analysis

MassHunter Software. The data were processed with Agilent MassHunter Software.
Accurate mass measurements of each peak from the total ion

Experimental chromatograms were obtained by means of an automated cal-
ibrant delivery system using a low flow of a calibrating solu-
tion (calibrant solution A, Agilent Technologies, Inc.) that con-

Ins"u'_nents . . tained the internal reference masses purine m/z 121.0509 and

Separation of the analytes was carried out using an HP-921 at m/z 922.0098. The instrument provided a typical

Agilent 1290 Infinity LC System coupled to an Agilent 6540 mass resolving power of 30,000 at m/z 1522.

Ultra High Definition (UHD) Accurate-Mass Q-TOF LC/MS
system equipped with electrospray Jet Stream Technology.
The instrument conditions are shown in Table 1.

Sample collection

The flowback sample was collected on October 14, 2014 and
obtained from Weld County, Colorado, with the help of James
Rosenblum, University of Colorado, Department of
Environmental Sustainability.



Results and Discussion

UHPLC/Q-TOF-MS analysis of hydraulic
fracturing waters

The positive ion electrospray total ion current (TIC) chro-
matogram for the analysis of the flowback water exhibits two
distinct zones, or a himodal distribution (Figure 1). First is a
polar series of peaks at a retention time of 4—12 minutes, and
second is a less-polar zone that elutes from 12—14 minutes.
The series of peaks in both zones are separated by a nominal
mass of 44 mass units, which suggest a glycol structure con-
sisting of CH,-CH,-0 (Table 2). Furthermore, the accurate
mass data in Table 2 show that the differences for the first
seven peaks are 44.0266, on the average. A similar result was
also observed for the second region between 12—14 minutes
in Figure 1 (data not shown). There is an apparent repeatable
relationship among the chromatographic peaks, which makes
it is possible to apply the Kendrick mass scale [3].

x107
48
42
36
«3.0
524
“18
1.2
0.6

Kendrick mass scale

Kendrick used a filtering technique (scaling factor) named
after him to better separate and understand a series of hydro-
carbons that differed in mass by a methylene group, CH,. The
Kendrick mass scale has been applied to other series, but only
recently to the polyethylene glycol structures and linear
alkylethoxylates in flowback and produced waters from
hydraulic fracturing by Thurman et al. in 2014 [2].

The application of the Kendrick mass scale first involves the
determination of the Kendrick mass scaling factor, which is
determined as the ratio of the nominal mass of the repeating
glycol unit, (CH,CH,-0), divided by the exact calculated mass
of the same glycol unit. This is equal to 44/44.026214748,
which gives a scaling factor of 0.999404559. When this scal-
ing factor is multiplied by the measured accurate mass, the
resulting mass is called the Kendrick mass [2]. For example,
Table 2 shows the Kendrick masses for some of the
chromatographic peaks in Figure 1.

123 456 7 8 9 1011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Acquisition time (min)

Figure 1. UHPLC/Q-TOF-MS chromatogram of a flowback sample from a recently hydraulic frac-
tured well, which shows a bimodal distribution of polymers that differ by 44.026 mass
units, a hydrophilic zone at 4—12 minutes and a second less-polar zone at 12—14 minutes.

Table 2. Kendrick Mass for a Suite of Polyethylene Glycols Found in

Flowback Water with an Average Mass Difference of 44.0266"

Retention time  lon (Mm/z) measured Kendrick

(min) accurate mass mass lon adduct

35 173.0776 172.975 Na + PEG-E0-3
42 217.1048 216.975 Na + PEG-EQ-4
5.4 261.1309 260.975 Na + PEG-E0-5
73 305.1586 304.975 Na + PEG-E0Q-6
9.5 349.1830 348.975 Na + PEG-EQ-7
10.2 393.2095 392.975 Na + PEG-EO-8
10.7 437.2373 436.977 Na + PEG-E0-9
10.7 432.2830 432.026 NH, + PEG-EO-9
11.0 476.3067 476.023 NH, + PEG-EO-10
1.3 520.3333 520.023 NH, + PEG-EO-11

*JR-5 sample from Weld County, Colorado, based on a scaling factor of 0.999404559.



The concept of the Kendrick mass defect can then be applied,
which is that if two compounds have the same repeating
chemical structure, that is, (CH,CH,-0), then there will be an
addition of the exact mass of CH,-CH,-0 to each new com-
pound in a chromatogram. Thus, when the scaling factor is
multiplied by the measured masses, all the ions that differ by
the CH,-CH,-0 group will have exactly the same mass defect
(within the error of accurate mass measurement, which is
typically =0.001 mass units). These results are shown in
Table 2.

For example, Table 2 shows that the measured accurate
masses for ions at retention times of 3.5 to 10.7 minutes all
had different mass defects ranging from 0.0776 to 0.3333.
However, after multiplying by the appropriate Kendrick mass
scaling factor for the glycol unit (CH,CH,-0) of 0.999404559,
only two mass defects, 0.975 and 0.023, were found for this
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5.0
45
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c

335

3.0

283.1753
25 (C,,H, 0, +H*
2.0

15
1.0
0.5

305.1586

271.1151 1, 1 321.1286 347.1675

suite of 9 ions (Table1). The fact that all of the Kendrick mass
defects for each type of ion adduct are nearly identical means
that each of the compounds increases by one ethylene glycol
unit, or an accurate mass of 44.0262. Thus, it is only neces-
sary to obtain the correct formula and structure for one of the
glycols, and then all others can be calculated as either one
unit longer or shorter depending on the gain or loss of the
44.0262 mass unit.

Using the measured mass of 305.1586 (a sodium adduct in
Table 2), which also shows a proton adduct at m/z 283.1753
in Figure 2, a formula can be determined using MassHunter
Software, as shown in Figure 2. The proton adduct at
283.1753 is first highlighted, followed by using the Generate
Formula option to determine the best formula, shown in
Figure 2 as C;,H,;0,, which is the neutral molecular formula.

371.1311

0 .
260 270 280 290 300 310 320 330 340 350
Mass-to-charge (m/z)

Figure 2.

370 380

Q-TOF-MS scan from 7.060 to 7.409 minutes, showing the proton adduct at m/z 283.1753

along with the formula generated in Agilent MassHunter Software. The sodium adduct of

the ion is also shown at m/z 305.1586.



Analysis by MS/MS of the m/z 283.1753 can determine if the
spectrum will match a polyethylene glycol structure, as
shown in Figure 3. The mass spectrum consists of a series of
44.026 mass unit losses that translate into a simple PEG
structure [4]. The polyethylene glycol unit is equal to
HO-(CH,CH,0), -H. which means that the chain length of the
unit must be n = 6, since this length provides the correct for-
mula of C,,H,;0. Table 2 can then be used to assign PEG-7
and PEG-8 to the higher mass ions, as well as PEGs -3, -4,
and -5 to the lower mass ions, since all of the compounds
with the same Kendrick mass differ by one glycol unit.

89.0600
3.4 44.026 mass units
%

£92 133.0855
S8 <

1.4 A 283.1743

s PR
' 177.1117

021 73.0637  114,0561 195.1222  236.1480

0.4 < 151.0960
%

Figure 4 shows the mass spectrum for PEG-9 at a retention
time of 10.6 minutes with three major ions at m/z 415.2539,
432.2830, and 437.2378. The mass differences among these
three ions are 17 and 22, which indicate that the proton
adduct is at 415.2539. What is important to note about the
PEG-9 is that the major adduct ion for PEG-9 is no longer the
sodium adduct, but rather the ammonium adduct (compare
Figures 2 and 4). The mobile phase does not contain ammo-
nium; thus, the ammonium adduct is formed from trace levels
of ammonium present in the mobile phase and sample [2].
This shift to the ammonium adduct at PEG-9 has been attrib-
uted to a cage-like structure that surrounds the ammonium
ion more readily (that is, energetically) and favors the ammo-
nium ion over the sodium ion adduct [2]. The same is true for
ammonium adducts of PEG-10 and PEG-11.

60 80 100 120 140 160 180 200 220 240 260 280 300 320 240 360 380 400

Mass-to-charge (m/z)

Figure 3.

8.0 “432.2830

6.5 437.2378

25 415.2539

0.5 453.2099

MS/MS spectrum of the m/z 283.1743 proton adduct from Figure 2.

427.1576 446.2600 461.2002 476.2874

405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480
Mass-to-charge (m/z)

Figure 4. The mass spectrum at 10.6 minutes for PEG-9, with the major ion being the ammonium

adduct at m/z 432.2830.



An accurate mass database of PEG compounds

After the application of this Kendrick mass scale, it was pos-
sible to identify proton, sodium, and ammonium adducts of
the various PEGs shown in Figure 1. These enabled the con-
struction of an accurate mass database of these PEG ions
and adducts. It also allowed subsequent use of the
MassHunter Software to find the > 40 different PEGs shown
in Figure 1, as well as their various ion adducts, in less than
2 minutes of computer time. Identification of these PEGs may
enable their use as indicators of contamination of aquifers or
surface water by hydraulic fracturing.

Conclusions

The Agilent 1290 Infinity LC System and Agilent 6540
LC/Q-TOF-MS enabled the UHPLC/MS/MS characterization
of two sets of representative polyethylene compounds from
hydraulic fracturing flowback samples. Applying the Kendrick
mass scale to the accurate masses of these PEGs and other
ethoxylated surfactants [2] facilitates their identification
using Agilent MassHunter Software, and the construction of
a database of such compounds present in flowback samples.
This database can, in turn, enable the use of these
compounds as unique tracers of hydraulic fracturing.
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Introduction

Due to the complexity and variety of food matrices, a con-
stantly growing interest in food safety, and an increasing list
of pesticides, residue analysis has become a more complex
task that requires high selectivity, sensitivity, and a high
throughput approach for data analysis. State-of-the-art pesti-
cide screening requires the consideration of more than

1,000 pesticides and their metabolites. Of these, as many as
600 to 800 compounds are included in routine monitoring pro-
grams. The increasing global emphasis on pesticide screening
is reflected in the implementation of European Union (EU)
guideline SANC0/12571/2013. The most recent revision
specifies criteria for qualitative screening without the use of
expensive standards for each pesticide in each batch of
samples.

An accurate-mass approach in pesticide screening using
quadrupole time-of-flight mass spectrometry (Q-TOF) offers
more reliable pesticide identification, and allows for a virtually
unlimited number of compounds to be screened simultane-
ously. Gas chromatography (GC) coupled to a Q-TOF mass
spectrometer provides an ideal analytical tool that can be
used to screen, confirm, and quantify trace levels of both
target and unknown compounds, even in complex matrices.

This application note describes the creation of a curated
GC/Q-TOF exact mass electron ionization (El) library of pesti-
cides and the development of an accurate mass pesticide
screening workflow designed to help improve reliability and
increase throughput of pesticide residue analysis. More than
740 El spectra of pesticides were generated using the
high-resolution Agilent 7890 GC, coupled to an Agilent 7200
Series GC/Q-TOF System.

This exact mass pesticide library enables efficient pesticide
residue screening in the absence of standards. The workflow
was tested using four different vegetable food matrices:
tomato, onion, orange, and potato, spiked with 186 pesticides,
as well as 136 pesticide residues spiked into catfish matrix.
The database was supplied with three retention time (RT)
data sets corresponding to the most common GC methods
used for pesticide screening. An additional advantage of this
approach is that, if required, the same data files can be further
used for identification of unknown and untargeted pesticide
residues later.

Experimental

Standards and reagents
The pesticide database was built using standards that were
custom-made by Ultra Scientific. These pesticide mixtures

were prepared at 100 parts per million (ppm) in acetone and
methanol.

Instruments

This study was performed using an Agilent 7890B GC system
coupled to an Agilent 7200 Series GC/Q-TOF System. The
instrument conditions are listed in Table 1, and the instrument
system configuration is shown in Figure 1.

Aux EPC

MMI Agilent 7890B GC | | Agilent 7200
inlet 15 m Hp-5 MS GC/Q-TOF
Purged System

or
5m HP-5 MS ultimate 15 m HP-5 MS

union

Figure 1. Agilent 7200 GC/Q-TOF System configuration using midcolumn

backflush.

Sample preparation

QuEChERS sample preparation was used to extract pesticide
residues from five different food matrices at four different
concentrations to test the pesticide residue screening
workflow.

Data processing and statistical analysis

Agilent MassHunter Qualitative Analysis (B.07, prerelease)
Software tools were used to automatically convert accurate
masses of fragment ions into theoretical (exact) masses for
all abundant fragments in the spectrum, and to import the
spectra into an exact mass pesticide Personal Compound
Database Library (PCDL). The All lons tool in MassHunter
Qualitative Analysis Software was used for pesticide
screening.



Table 1.

GC and MS conditions

Method 1

Agilent 7890 GC and Agilent 7200 GC/Q-TOF Mass Spectrometer Conditions

Method 2 Method 3

Column flow
Columns

RT of Locking compound
(Chlorpyrifos-methyl)

Carrier gas

Inlet temperature
Injection mode
Injection volume

Oven temperature program

Run time

Backflush

Transfer line temperature
lonization mode

Source temperature
Quadrupole temperature
Mass range

Spectral acquisition rate

Constant flow mode

HP-5 MS U, 15 m, 0.25 mm ID, 0.25 pm film (two each)

18.111 minutes

Helium
280 °C
Splitless
1L

60 °C for 1T minute
40 °C/min to 120 °C, 0 minutes
5 °C/min to 310 °C, 0 minutes

40.5 minutes

5 minutes (Post-run)
280 °C

El

280 °C

180 °C

45 to 550 m/z

5 Hz, collecting both in
centroid and profile modes

Results and Discussion

GC/Q-TOF using a backflush configuration

Backflush is used in the pesticide screening workflow to

reduce background and increase chromatographic resolution
and sensitivity, while decreasing the analysis time. Using this
technique, late eluting, higher boiling substances are flushed

Constant flow mode

HP-5 MS Ul, 5 m and 15 m, 0.25 mm ID, 0.25 pm film

Constant flow mode

9.143 minutes 8.524 minutes

Helium Helium
280 °C 280 °C
Splitless Splitless
1L 1uL

60 °C for 1.5 minutes

50 °C/min to 160 °C, 0 minutes

8 °C/min to 240 °C, 0 minutes

50 °C/min to 280 °C, 2.5 minutes
100 °C/min to 290 °C, 3.1 minutes

60 °C for 1 minute
40 °C/min to 170 °C, 0 minutes
10 °C/min to 310 °C, 0.3 minutes

20.75 minutes 20 minutes

5 minutes (Post-run) 5 minutes (Post-run)

280 °C 280 °C

El El

280 °C 280 °C

180 °C 180 °C

45 to 550 m/z 45 to 550 m/z

5 Hz, collecting both in
centroid and profile modes

5 Hz, collecting both in
centroid and profile modes

A quick and simple backflush approach is to use a Capillary
Flow Technology device in the middle of the analytical column
(Figure 1). In this case, instead of using one column,

two 15-m columns (Methods 1 and 2), or a 5-m and a 15-m
column (Method 3) were used and connected by an ultra-low
dead volume Purged Ultimate Union, using an Auxiliary
Electronic Pressure Control (Aux EPC) Module to carry out the
backflush procedure (Figure 1).

out of the inlet split flow vent instead of driving them though
the entire length of the column into the mass spectrometer.
This approach reduces accumulated chemical noise due to
carryover and increases throughput. System uptime is also
increased, due to reduced maintenance of the columns and

MS detector.



Construction of the curated exact mass
pesticide library

High resolution and mass accuracy are required to acquire
the high-quality spectra for construction of a useful exact
mass pesticide spectra library. As seen in Figure 2, two frag-
ment ions can appear as one peak in unit mass instruments,
but can easily be resolved using the GC/Q-TOF.

The concept of Personal Compound Databases and Libraries
(PCDLs) is part of an integrated system for confident identifi-
cation through either accurate or exact mass MS or MS/MS
information stored in your own customizable PCDLs. This
includes the theoretical mass of the molecular ion, RT, and
miscellaneous compound information, as well as accurate
mass fragment spectra. This concept has been used to create
an exact mass pesticide PCDL for El spectra.

o A 201
H )
(N N Cl Unit mass
N N 186
50 68 HN 173
55 71 96 138 158
86 132
62 104 123 145
53 % 17
50 60 70 80 90 100 - C,H,[7CIN, CHCIN, Accurate mass
(mainlib) Simazine 19- 93.0027 93.0207
10-
08-
06-
04-
02-
92.98 92.99 93.00 93.01 93.02 93.03 93.04

Figure 2.
with the Agilent 7200 GC/Q-TOF System (B).

The C,H, 4[37 CIIN, and C,H,CIN, fragment ions are seen as one peak in unit mass instruments (A), but can easily be resolved



The annotation of the El fragments was performed using
accurate mass information from TOF El spectra, which were
processed using the Molecular Formula Generator (MFG) and
Fragment Formula Annotation (FFA) tools in the prereleased
version of MassHunter Qualitative Analysis Software B.07
(Figure 3).
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Figure 3. FFA of the spectrum using Agilent MassHunter Qualitative Analysis. Fragment formulas were assigned based on the empirical
formula of the pesticide residue and accurate mass spectral data. Annotated fragments are colored in green. The molecular
ion and its isotopes are colored in pink.



After the fragment annotation was performed, the theoretical
masses of the fragments were automatically calculated, and
the corrected spectra were directly imported into a PCDL
(Figure 4). The spectra of approximately 740 pesticide stan-
dards were acquired using three different RT locked GC meth-
ods to enable flexibility in the GC configuration. These were
then imported directly into the PCDL. The observed mass
accuracy of the library was within 2 ppm, and the average
error of the isotopic abundances was below 1 %, enabling
accurate annotation of the fragment ions with the formulae.
This is the first commercially available exact mass pesticide
library for GC/Q-TOF.

Figure 4. The theoretical (exact) masses of the annotated fragments in the spectrum were imported directly into the PCDL.



Pesticide screening workflow using the
All lons tool

The All lons technique applied to GC/Q-TOF data makes use
of the coelution of the diagnostic reference and qualifier ions
generated during El to ensure accurate identification. The All
lons tool is an extension of the unique Find by Formula (FBF)
algorithm in MassHunter Qualitative Analysis Software, and
is the same tool as All lons MS/MS used for pesticide
screening with LC/Q-TOF. Unlike the latter, the All lons tool
used with GC/Q-TOF considers the molecular ion in the
spectrum to be optional, and its absence is not penalized.
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The EICs of the most specific El fragments in each PCDL
spectrum are extracted and evaluated using a unique coelu-
tion score parameter. The software calculates a number
based on abundance, peak shape (symmetry), peak width, and
RT. Figure 5 provides an example of overlaid EICs for the ions
derived from secbumeton in tomato extract. All ions have the
same chromatographic apex and shape, suggesting that they
originated from the same compound. The normalized ratios of
the fragment ions to the reference ion intensity are plotted
across the RT and made available to the user for inspection in
a Coelution Plot (Figure 5). If all ions exhibit a ratio of approxi-
mately 1 across the middle of the reference ion peak, as in
this example, there is strong confirmation that the fragments
belong to the same compound.

mm +EIC (225.1584) Scan
mm +EIC-frag (225.1584)...
1 +EIC-frag (196.1193)...
= +EIC-frag (210.1349)...

+EIC-frag (169.0958)...

+EIC-frag (197.1243)...
[ +EIC-frag (154.0723)...
[0 +EIC-frag (168.0880)...
[0 +EIC-frag (112.0505)...
[0 +EIC-frag (194.1036)...
[ +EIC-frag (141.0645)...

Acquisition time (min)

o
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—
o
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Ratio fragment ion/precursor ion

16.58 16.60 16.62 16.64 16.66 16.68 16.70 16.72 16.74 16.76 16.78 16.80 16.82 16.84 16.86 16.88 16.90 16.92

— +EIC-frag (225.1584)...
— +EIC-frag (196.1193)...
— +EIC-frag (210.1349)...

+EIC-frag (169.0958)...

+EIC-frag (197.1243)...
— +EIC-frag (154.0723)...
— +EIC-frag (168.0880)...
— +EIC-frag (112.0505)...
— +EIC-frag (194.1036)...

Figure 5.

16.58 16.60 16.62 16.64 16.66 16.68 16.70 16.72 16.74 16.76 16.78 16.80 16.82 16.84 16.86 16.88 16.90 16.92
Acquisition time (min)
A) Overlaid EICs for secbumeton in tomato extract, with the reference ion in grey and qualifying
ions in other colors. All ions have the same chromatographic apex. B) Coelution plot for
secbumeton. All fragment ions exhibit ratios of approximately 1 across the middle of the
precursor peak, indicating strong coelution. This provided confirmation for the identification of
sechumeton in the sample.



It is possible to inspect All lons results quickly, scrolling
through all compounds in the screen, and efficiently viewing
the compound results table, identification details, overlaid
EICs, the Coelution Plot, as well as spectrum results

(Figure 6). The flexibility of the All lons tool settings can allow
the user to fine-tune it for the specific application by selecting
the desired number of qualifying ions, coelution score, mass
extraction window, and other parameters. In addition, RT
locking ensures precise identification of the pesticides.

Figure 6.

All lons tool results overview for pesticides spiked into tomato extract.

At this point, the user will have developed a qualitative
method for the identification of compounds using the All lons
technique. New compounds can easily be added to the screen
by addition to the PCDL followed by data reprocessing.

This important capability provides simple subsequent data
re-interrogation for additional compounds without sample
reanalysis.



Validating the workflow

Using the pesticide PCDL and the All lons workflow, four dif-
ferent vegetable matrices (tomato, onion, orange, and potato)
were spiked with 186 pesticides at levels of 20 ppb to

100 pph. More than 80 % of the residues were detected in
each vegetable extract at a concentration of 20 ppb. In addi-
tion, the All lons workflow has been tested with catfish, a
dirty matrix that contains a very large number of compounds
that can make it difficult to detect low levels of pesticides.
However, 86 % of 136 pesticides were detected using this
screening method when spiked into catfish matrix at 10 ppb
(Figure 7).
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Conclusions

The accurate mass power of the Agilent 7200 GC/Q-TOF
System has enabled the development of the first commer-
cially available exact mass pesticide library for GC/Q-TOF. A
screening workflow using the unique All lons tool has also
been used successfully to screen for pesticide residues in five
different food matrices.

For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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Acquisition time (min)

Figure 7.
location of p,p"-DDT, and the coelution pattern confirms its identity.

13 14 15 16 17 18 19

Total ions GC chromatogram (TIC) from a catfish extract spiked with pesticide residues at 10 ppb. The EIC overlay shows the
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