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Overview

Pharmaceuticals and Personal Care Products (PPCP) are
environmental pollutants of growing concern. In order to properly
assess the effects of such compounds on our environment, it is
necessary to accurately monitor their presence.l'3

Liguid Chromatography coupled to tandem Mass Spectrometry
(LC-MS/MS) is a preferred tool for the analysis of a wide range
of environmental pollutants. Here, a method is presented using
the AB SCIEX TripleTOF® 4600 LC/MS/MS system to identify
and quantify selected PPCP in water samples. Different scan
functions are applied and compared with respect to selectivity,
sensitivity, accuracy, reproducibility, and confidence of
identification. Data was processed in MultiQuant™ and
PeakView® software using a new mass spectral library
containing high resolution and accurate mass MS/MS spectra
acquired on a TripIeTOF® system

Introduction

LC-MS/MS is a powerful analytical tool for the analysis of a wide
molecular weight range of polar, semi-volatile and thermally
labile compounds, such as PPCP, pesticides, drugs of abuse,
perfluoroalkyl substances (PFAS), brominated flame retardants
(BFR), etc.

Triple quadrupole-based mass analyzers are popular for targeted
quantitation of environmental pollutants because of their high
selectivity and sensitivity when operated in Multiple Reaction
Monitoring (MRM) mode.?

Advancements in LC-MS/MS technology, including hybrid
systems like quadrupole-quadrupole Time-of-Flight (TripIeTOF®),
now provide the ability to perform qualitative and quantitative
screening on a routine basis. TripIeTOF® technology combines
the best attributes of triple quadrupole and accurate mass TOF
analyzers in a single instrument allowing quantitation with triple
quadrupole-like performance (sensitivity, accuracy, linearity) and
at the same time high confidence identification based on
accurate mass MS and MS/MS information.

The AB SCIEX TripIeTOF® 4600 system combines:

Industry-proven design of the Turbo V™ source and Curtain
Gas™ interface delivering unmatched robustness and
ruggedness when analyzing dirty samples while minimizing
carry-over and contamination.

A high performance triple quadrupole front-end containing the
Q.]et® ion guide and a high pressure QO for best ion focusing
and transmission.

A LINAC® collision cell to accelerate product ions after
collision to increase MS/MS speed and data quality.

The innovative Accelerator TOF™ analyzer, a state of the art
accurate mass analyzer, combining speed with high mass
accuracy (2 ppm or less) and high resolution (30,000) of an
accurate mass instrument, even at low mass for better
analysis of small molecules.

A Calibrant Delivery System for fully automatic calibration of
the mass analyzer in MS and MS/MS mode.

Powerful and intuitive data processing software for
quantitative and qualitative analysis.

A new mass spectral library containing high resolution and
accurate mass MS/MS spectra acquired on a TripIeTOF®
system.
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Method Details

UHPLC Separation

A Shimadzu NEXERA UHPLC system was used with a
Phenomenex Kinetex 2.6u C18 100x3mm column at 30°C.
Separation was achieved with a gradient of water and methanol
with 0.1% formic acid at a flow rate of 600 pL/min. The injection
volume was set to 10 yL but larger injection volumes are
possible to further decrease detection limits.

MS/MS Detection

The AB SCIEX TripIeTOF® 4600 LC/MS/MS system was
operated with the DuoSpray™ ion source operated in
electrospray ionization (ESI). The APCI probe of the source was
used for fully automatic mass calibration using the Calibrant
Delivery System. CDS injects a calibration solution matching
polarity of ionization and calibrates the mass axis of the
TripIeTOF® system in all scan functions used (MS or MS/MS).

The TripleTOF® system was operated in TOF-MS, MRM"™®, and
TOF-MS-IDA-MS/MS mode. These different scan functions
result in highly selective and sensitive information allowing
quantitation and confident identification of targeted analytes. The
combination of TOF-MS and MS/MS with Information Dependent
Acquisition (IDA) in a single method, additionally, allows the
identification of non-targeted and unexpected compounds
through powerful software tools.* °

The data were processed in MultiQuant™ software version 2.1
and PeakView® software version 1.2 with the XIC Manager.

Results and Discussion

Multiple Reaction Monitoring (MRM) is the most common mode
of analysis using a triple quadrupole MS/MS for quantitative
analysis. The first quadrupole filters a specific precursor ion of
interest. The collision cell is optimized to produce a characteristic
product ion by collision induced dissociation (CID). Generated
product ions are transferred into the third quadrupole where only
a specific m/z is allowed to pass (Figure 1). Thus MRM mode
works like a double mass filter which drastically reduces noise
and increases selectivity.

The TripIeTOF® system can be operated in TOF-MS and TOF-
MS/MS mode. In TOF-MS mode, the precursor ion is transmitted
directly into the TOF analyzer and measured accurately using its
flight time. In TOF-MS/MS product ions of a selected precursor
are generated through CID in the collision cell and the m/z of
these fragments is measured accurately (Figure 1). Furthermore,
IDA allows combining both scan functions in a single method to
acquire MS and MS/MS simultaneously.
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Figure 1. Operation of a triple quadrupole system in Multiple Reaction
Monitoring (MRM) and a TripleTOF® system in TOF-MS/MS mode

Data files contain high resolution and accurate mass information
of precursor ions and product ions of compounds of interest. The
data files can be explored following two strategies, (1) targeted
(quantitation and identification) and (2) non-targeted (unknown
identification):

1. Narrow Extracted lon Chromatograms (XIC), typically 5 to
20 mDa wide, can be extracted from MS and MS/MS data to
quantify analytes with high selectivity. The accurate mass
MS and MS/MS information saved into the spectra allows
confident identification of targeted compounds at the same
time. XIC generated from high resolution MS/MS (MRM™®
workflow using an AB SCIEX TripIeTOF® system) provide
increased selectivity over XIC from high resolution MS and
the MRM mode of a triple quadrupole system (Figure 2).

2. The accurate mass of the molecular ion, its isotopic pattern,
and adduct ion information can be used to empirically
calculate potential molecular formulas of the detected
compound. The accurate mass product ion information can
be searched against MS/MS libraries for identification or
used to investigate the fragmentation pathway to tentatively
identify the structure of the unknown compound.
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Figure 2. Increasing selectivity for quantitation through MS resolving
power or precursor ion selection, highest selectivity is achieved using the
MRM"™ workflow by combining precursor ion selection at unit resolution
with high resolution MS/MS detection

In the following paragraphs, examples of PPCP analysis using
different TripIeTOF® scan functions and data processing tools
are presented.

Quantitation of PPCP using TOF-MS

The high resolution and accurate mass data saved in TOF-MS
chromatograms enables the user to use narrow XIC windows for
increased selectivity resulting in better Signal-to-Noise (S/N) and
lower Limits of Quantitation (LOQ). The chromatograms in Figure
3 show XIC of Carbamazepine spiked into a water sample at a
concentration of 100 ng/L. An XIC window of 10 ppm (+ 2.37
mDa) was found most effective to reduce background and
remove interferences.
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Figure 3. Increasing selectivity and S/N using narrow extracted ion
chromatograms (XIC) to measure 100 ng/L Carbamazepine in water

Figure 4 shows typical method performance criteria when using
TOF-MS to quantify carbamazepine in water samples. An LOQ
of 10 ng/L was achieved using an injection volume of 10 L.
Repeatability was found to be better than 10% with accuracies
well between 85 and 115% over the linear range studied (Table
1). The regression coefficient was 0.999 using linear regression
with 1/x weighting.
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Figure 4. TOF-MS chromatograms of repeat injections of carbamazepine
spiked into water at different trace level concentrations and the resulting
calibration line (linear with 1/x weighting: r = 0.999 with accuracies
between 85 and 115%, and repeatability less than 10%)

Table 1. Comparison of accuracy and repeatability of Carbamazepine at
different concentrations detected in TOF-MS and MRM"™® mode

TOF-MS MRM™?

Concentration Accuracy (%) %CV Accuracy (%) %CV

10 ng/L 99.03 17.29 97.9 8.3
20 ng/L 94.63 7.60 94.2 2.1
50 ng/L 98.32 1.55 110.5 9.6
100 ng/L 103.22 1.95 109.5 5.9
200 ng/L 103.79 2.22 107.4 4.4
500 ng/L 103.77 6.77 103.0 5.0
1 pg/L 97.23 2.42 95.9 2.7
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Quantitation of PPCP using MRM™®

The combination of precursor ion selection with high resolution
MS/MS detection results in increased selectivity for quantitation.
In the case of Carbamazepine, background interferences were
successfully removed and the S/N increased from 6.4 in TOF-
MS to 89 in MRM"® mode (Figure 5). The S/N was measured
using a Peak-to-Peak algorithm.

Quantitative performance criteria in MRM™ are comparable to
TOF-MS. Repeatability was found to be better than 10% with
accuracies well between 85 and 115% over the linear range
studied. The regression coefficient was 0.998 using linear
regression with 1/x weighting.
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Figure 5. MRM"™ chromatograms of repeat injections of carbamazepine
spiked into water at different trace level concentrations and the resulting
calibration line (linear with 1/x weighting: r = 0.998 with accuracies
between 85 and 115%, and repeatability less than 10%)

Quantitation and Identification of PPCP using TOF-MS-IDA-
MS/MS

The data acquisition speed of the AB SCIEX TripIeTOF® 4600
system (up to 50 Hz) allows combining the acquisition of TOF-
MS and TOF-MS/MS. In addition, the build-in IDA logic including
dynamic background subtraction makes it possible to collect all
relevant MS and MS/MS information in a single analysis. TOF-
MS-IDA-MS/MS data files can be explored quantitatively and
qualitatively. Qualitative information, including retention time,
mass accuracy, isotope pattern and MS/MS fragmentation, is

available for identification. Compound identification can be
automated using the XIC Manager add-in of PeakView®
software.’

The example presented in Figure 6 shows a screenshot of the
XIC Manager displaying all qualitative information to identify
Carbamazepine in water. Confidence scores achieved at
different concentrations are summarized in Table 2. Retention
time, mass, isotope ratio error, and mass spectral library search
score are calculated automatically and visualized using traffic
lights in the XIC Manager. A new mass spectral library
containing high resolution and accurate mass MS/MS spectra
acquired on a TripIeTOF® system was used for the MS/MS
library search. Standardized collision energy settings of (CE =
35 V with CES = +15 V) were used when building the mass
spectral library.
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Figure 6. Automatic identification of Carbamazepine based on qualitative
information saved into the TOF-MS-IDA-MS/MS data

Table 2. Confidence scores achieved at different concentrations of
Carbamazepine spiked into water

Concentration 'IBirer]tgnEtir(r)gr Mass Error Isotope ratio éi;;?crr):
(%) (mDa) Error (%) Purity (%)

100 ng/L 0.54 0.8 1.7 84.8

1 pg/L 0.27 0.2 0.7 89.9

10 pg/L 0.36 0.4 1.7 91.9

p4



Quantitation and Identification of PPCP using the Scheduled
MRM"™® Workflow

Scheduled MRM™R is an alternative workflow for multi-target
analysis using the TripIeTOF® system. Here, TOF-MS/MS
experiments are scheduled throughout the chromatographic run
to monitor each compound of interest only around the expected
retention time. This allows monitoring more target compounds
than in regular MRM"® mode. When operating the TripleTOF®
system in Scheduled MRM"™® mode, the TOF-MS data are still
recorded to allow retrospective exploration to find unexpected
compounds.
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Figure 7. Automatic scheduling of MRM"® experiments to monitor over
80 PPCP in water samples using the Scheduled MRM"™ workflow

An example chromatogram of analyzing more than 80 PPCP in a
spiked water sample is presented in Figure 7.
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Figure 7. Identification of PPCP in a water sample spiked with over 80
PPCP using accurate mass MS and MS/MS information, the confidence
score of identification is automatically calculated and visualized using
traffic lights in the XIC Manager

The XIC Manager also allows extracting MS/MS fragment ions of
the Scheduled MRM"® data file (Figure 8). The resulting XIC
allows identification and quantitation of compounds with highest
selectivity combing precursor ion selection and high resolution
MS/MS detection. Like in TOF-MS-IDA-MS/MS mode, retention
time, mass accuracy, isotope pattern and MS/MS fragmentation
can be used for identification. In addition, the ratio of different
MRM™ transitions can be calculated for further increase in
confidence. An example of MRM"™® ratio calculation is shown in
Figure 9. The sample from a water treatment plant was
processed using the ‘Multicomponent’ query in MultiQuant™
software.
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Figure 8. Automatic identification of Carbamazepine based on qualitative
information saved into the Scheduled MRM™ data
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Figure 9. Quantitation of Carbamazepine in a water sample from a
treatment plant using the Scheduled MRM"™® workflow with calculation of
ion ratios using the ‘Multicomponent’ query in MultiQuant™ software
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Summary

A fast and reliable method for the quantitation and identification
of PPCP in environmental samples was developed. UHPLC with
a Phenomenex Kinetex core-shell column was coupled to an AB
SCIEX TripIeTOF® 4600 system for this study. Different scan
functions were applied and compared with respect to selectivity,
sensitivity, accuracy, reproducibility, and confidence of
identification.

TOF-MS using a narrow XIC window resulted in triple
quadrupole-like quantitative performance. The use of MRM™®
increased selectivity resulting in reduced background and
interference for quantitation and an overall improvement of limits
of quantitation.

Additionally, the accurate mass MS and MS/MS information
saved into TOF-MS-IDA-MS/MS and Scheduled MRM™® data
aided in compound identification with highest confidence.
Retention time matching, comparison of theoretical and
measured mass accuracy and isotope pattern, and automatic
MS/MS library searching was performed using the XIC Manager
add-in of PeakView® software.

New mass spectral libraries containing high resolution and
accurate mass MS/MS spectra acquired on a TripIeTOF® system
enable excellent compound identification using high resolution
mass spectrometry. The available mass spectral libraries contain
accurate mass MS/MS spectra of approximately 500 pesticides,
250 veterinary drugs (including antibiotics, hormones etc.), and
300 relevant pharmaceuticals and drugs of abuse.

For Research Use Only. Not for use in diagnostic procedures.
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