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Overview

Acquisition Rate and Cycle Time Considerations

When screening for nontargeted compounds in aqueous environmental
samples, one available tool is data-dependent acquisition (DDA) with
high resolution mass spectrometry instruments. Although this tool is very
powerful, it requires an understanding of many experimental parameters
and how these parameters interact. Generally, selecting each parameter
is based on the compromise between the total number of analytes
selected as precursors and the quality of the spectra obtained. In this
report, parameters were optimized on an Agilent 1290 Infinity II HPLC
system with an Agilent 6545 LC/Q-TOF and a Jet Stream source (1) to:

The acquisition rate refers to the number of spectra collected per
second; changing this number affects the time spent to acquire data for
each spectrum and the total number of transients per spectrum. The
slower the rate, the more time spent on each MS spectrum the better the
signal-to-noise (S/N) of the spectra. To optimize this parameter, we used
many values, ranging from 1 –10 spectra/s, and a combination of these
two values in both MS and MS/MS modes. In addition to getting enough
transients for good spectral quality, a second constraint is that the total
cycle time must be short enough to allow for the very narrow HPLC peak
widths.

1. Generate MS data with sufficient ion intensity and resolution for each
intact analyte ion and its isotopes, optimizing parameters so that the
Agilent Decision Engine could select the monoisotopic precursor ion
of the analyte and the Partition Search software on Amazon Web
Services (AWS) could determine the correct adduct.
2. Generate MS/MS data of the monoisotopic precursor ions with
decent fragmentation and sufficient intensity of fragment ions for
tentative identification by the Partition Search software on AWS.
Using these optimized DDA parameters, twenty water samples were
analyzed, yielding 37322 MS/MS spectra. In addition to many common
drug and agricultural compounds frequently observed, structures of some
novel extractables and flame retardants were proposed.

Excel Results for Analyte 3602874

Access Database

Spectral parameters:

Precursor ion selection parameters:

The total cycle time = (time for an MS scan) + (number of precursors per cycle) *
(number of collision energies) * (time for each MS/MS scan).

Precursor Threshold
To avoid collecting an MS/MS spectrum that might be noise or an analyte
signal too weak to be very useful for identification, the absolute threshold
was set at 25000 counts to provide spectra with acceptable S/N.

Precursor Selection Window
The precursor selection window is the quadrupole mass window used to
isolate the precursor ion. A medium isolation window can be very useful
for identifying halogenated analytes by determining exactly which
fragments have chlorine or bromine. However, the narrow isolation
window setting gives much cleaner spectra with complex samples, and
so the narrow setting was chosen here for DDA work.

Compounds Used to Optimize the Parameters
To compare the outcomes for the detection of small molecules in water
samples using different choices of parameters offered by the instrument
software, five model compounds were selected. These compounds
included chlorine isotopes, compounds that are easier or more difficult to
fragment, and compounds with different polarities. Only some key
parameters will be discussed in this report.

Parameters selected for Auto MS/MS

Losartan and Precursor Selection Windows
When confirming unknowns (no standard available), a medium isolation
window for the precursor ion may be very useful, specially in those cases
where the molecule has one or more chlorine atoms in the chemical
structure.
Losartan
OH

Isolation window: narrow (~1.3 m/z)

Cl

Collision energies chosen were 15V and 30V

Data Reduction
MSConvert (an open source program) is used to change each DDA
dataset into two generic formats.

The Processed Data and Results are imported into an Access template
which allows sorting, searching, filtering, and querying. The two tables
are linked to each other. In the example above, clicking on the plus sign
to the left of the retention times in the Processed Data Table has opened
up two corresponding Results Table entries. These two herbicides CID
4937 (propazine) and CID 22206 (terbuthylazine) have the same exact
mass but elute more than 0.2 minutes apart - so active exclusion does
not apply here.
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Searching for Related Compounds
By searching the Access Database Processed Data Table for any row
(spectrum) with a fragment mass starting with the digits 145.12, two
compounds very closely related to 25-crown-5 were found in other
samples. These rows (spectra) also have the 73-mass and 55-mass
fragment ions present. These two compounds were tentatively identified
as 6-crown-30 and 7-crown-35. These crown ethers are probably
extractables from Spandex (elastane) fabrics.

x10 4 Cpd 5: 18.233: +ESI Product Ion (rt: 18.232 min) Frag=175.0V CID@15.0 (423.1685[z=1] -> **) South Platte_CO_11-4-14.d
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The first (and highest scoring) partition has
the greatest Relative Feasibility Score for the
elemental compositions in row 37 (371). Note
that the number of hydrogens in the four
subfragments will not usually be equal to the
number of hydrogens in the corresponding
part of the analyte (tentatively identified as
25-crown-5).

405.1583

0.4

Each pair of ms1 and mgf files is then zipped together and uploaded to
the user’s S3 folder on Amazon AWS.
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Isolation window: medium (~4 m/z)
x10 4 Cpd 5: 18.248: +ESI Product Ion (rt: 18.247 min) Frag=175.0V CID@15.0 (423.1704[z=1] -> **) South Platte_CO_11-4-14_medium window.d
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A ruby program on AWS will automatically detect a new data file and add
that filename and username to a queue. AWS fires up more servers
automatically if the queue grows larger. Servers constantly check the
queue to look for more data files to run.
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LC/Q TOF MS chromatographic and instrumental
conditions used in this study
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1. Finds the precursor mass that was selected by the instrument.

Excluding Ions
LC/TOF-MS conditions:

Chromatography:
Column: Agilent Zorbax Eclipse
C-8 Plus 4.6 x 150 mm (3.5
µm).
Column temp: 25 C
Mobile phase: 10% ACN and
90% H2O with 0.1% HCOOH
Flow-rate: 0.6 mL/min
Gradient: t0 = 10% ACN
t5 = 10% ACN
t30 = 100% ACN
t32 = 100% ACN

6545 Q-TOF, Agilent
Technologies
4 GHz detector
Interface: Electrospray
Ionization mode: positive
• Capillary: 3500 V
• Nebulizer: 45 psig
• Drying gas: 10 L/min
• Gas temp: 250 C
• Sheath gas flow: 11 L/min
• Sheath gas temp: 350 C
• Fragmentor 175V

AWS Partition Searching Software Actions

From the row number in the Access database, the data for an analyte
can be directly analyzed with the Excel Add-In. The Excel Add-In
produces up to six modular structures from accurate-mass fragmentation
data. The model is not an end in itself but it usually can provide some
ideas from which structures can be proposed. Note that under these
DDA acquisition conditions, the experimental isotope ratios in cell A36
matched the estimated data in cell A37 very closely.

1. Static Exclusion is essentially creating an “exclude list” of masses
and retention times of components in the reagent blank that are also
expected to be present in every sample run; static exclusion
basically forces the Decision Engine to ignore all masses in that
listing. In addition, internal lock masses are excluded as precursors.
2. Active Exclusion is used to ignore any precursor mass that has
recently been selected as a precursor. This prevents the instrument
from collecting multiple spectra of the same analyte.
Environmental analytes are generally present at very low levels and,
using DDA, it is not possible to do background subtraction to clean up an
MS/MS spectrum. Precautions were taken to minimize both mobile
phase contaminants and extraneous chemicals that could be introduced
in the sample preparation step rather than attempt to mask these
contaminants with static exclusion or software approaches. For trap-type
instruments, this is even more critical because of “ion dilution” effects (2).

Isotope Model
Several Isotope Models are available to the Decision Engine. For this
application, we chose “common organic molecules”, where the engine
looks for clusters where the ratio of the A+1 and A+2 isotopes is
consistent with the most common elements present in small organic
molecules.

2. Finds/records the retention time, accurate mass and intensities of
the precursor and its isotopes from MS data.
3. Determines the adduct (H+, Na+, 2M+H+, etc.).

4. Corrects the accurate mass of the precursor for the adduct.

The MS/MS spectrum of Analyte 5700278 had four mass differences of
76.008 daltons corresponding to C3H5Cl. The 152 subfragment in the
Excel Add-In is probably two 76-dalton subfragments being combined.
Based on the fragmentation, this compound appears to be Pubchem CID
131854663 or a very closely related isomer (e.g. 2-chloropropyl, CID
21516341) of that compound.

5. Compares the MS/MS data to molecules stored as partitions of
the MW; scores any matches(3).
6. Records number of synonyms/classification of matches.
7. Creates hyperlinks to compound ID (Pubchem Compound) and
mass (EPA CompTox Chemicals Dashboard).

76.008

Excel Add-In, Data Modifications
1. Subtracts out rows (spectra) that have almost the same mass and
retention time as components in the reagent blank.
2. Marks rows with precursors that are most likely IS-CID fragments
of larger analytes eluting at the same time.
3. Assigns a unique number to each row (“Excel row number”) so
data can be imported to the DataInput sheet.

Another analyte that was tentatively
identified, probably also a flame
retardant, is shown on the right.
This compound is not found in the
Pubchem Compound database and
apparently it has no CAS number.
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