Carrent Irends iri

»
S

Iume 17 Number 10 October 2019

i 'viWWV\i_.{_:hromd{ographyon e.com

Z

Jirunmentai y
t Compounds

*Rele

ﬂgntifying PFAS
in Drinking Water
Using LC-MS/MS

“MS in Late-Stage
@ Pharmaceutical
Development

~ Novel MS Methods
for Food Safety



http://www.chromatographyonline.com
http://www.chromatographyonline.com

] SHIMADZU

Excellence in Science .

Quadrupole Time-of-Flight
Liqguid Chromatograph Mass Spectrometer

LCMS-9030

Effortless Performance

Conduct Critical Qualitative and Quantitative Analysis with
Genuine Confidence and Ease

Shimadzu'’s research-grade LCMS-9030 quadrupole
time-of-flight (Q-TOF) mass spectrometer combines the
engineering DNA from our proven triple quadrupole
(LC-MS/MS) platform with powerful, new TOF architecture
to transform high mass accuracy workflows. The result is a
system that delivers high-resolution, accurate-mass
detection with incredibly fast data acquisition rates.

Learn more about Shimadzu’s Q-TOF LCMS-9030.

Call (800) 477-1227 or visit us online at www.ssi.shimadzu.com
Shimadzu Scientific Instruments Inc., 7102 Riverwood Dr., Columbia, MD 21046, USA - -


http://www.ssi.shimadzu.com
http://www.ssi.shimadzu.com

Introducing our new VICI M Series
Pump rated up to 1500 psti

Other models include our original

pumps rated up to 100 psi - the M6

pump (5nL/min to SmL/min) and the
M50 pump (TuL/min to 25mL/min).

* Flow rates ranging from 5nL/
min-5mL/min

e Material options for
biocompatibility (ceramic,

PTFE, PEEK)

e Pulseless, continuous,
bi-directional flow

e Syringe-free

e Less than 0.5% error at low
flow rates

VLG

www.vici.com | tech@vici.com | 800-367-8424



http://www.vici.com
mailto:tech@vici.com

4 Current Trends In Mass Spectrometry October 2019

LC|GC LC|GC
north america e ur o p e
solutions for separation scientists

MANUSCRIPTS: For manuscript preparation guidelines, see chromatographyonline.
com/lcgc-author-guidelines, or call The Editor, (732) 596-0276. LCGC welcomes
unsolicited articles, manuscripts, photographs, illustrations, and other materials

but cannot be held responsible for their safekeeping or return. Every precaution

is taken to ensure accuracy, but LCGC cannot accept responsibility for the

accuracy of information supplied herein or for any opinion expressed.

CHANGE OF ADDRESS: Send change of address to LCGC North America,
P.O. Box 6196, Duluth, MN 55806-6196; provide old mailing label as well as

new address; include ZIP or postal code. Allow 4—6 weeks for change.

RETURN ALL UNDELIVERABLE CANADIAN ADDRESSES TO:
IMEX Global Solutions, P.O. Box 25542, London, ON N6C 6B2,
CANADA. PUBLICATIONS MAIL AGREEMENT No.40612608.

REPRINT SERVICES: Reprints of all articles in this issue and past issues

of this publication are available (500 minimum). Reuse of Content:

Contact Alexa Rockenstein, arockenstein@mmhgroup.com, for more
information. Please note that Wright's Media is the only authorized company
that we've partnered with for MultiMedia Healthcare materials.

C.A.S.T. DATA AND LIST INFORMATION: Contact Melissa Stillwell, (218) 740-6831;
e-mail: MStillwell@mmhgroup.com

INTERNATIONAL LICENSING: Contact Kim Scaffidi, email: kscaffidi@mjhassoc.com

Qecycleq

S

s e

2 2

N s Alliance for
st Consv® Audited Media

© 2019 MultiMedia Healthcare LLC All rights reserved. No part of this publication
may be reproduced or transmitted in any form or by any means, electronic or
mechanical including by photocopy, recording, or information storage and retrieval
without permission in writing from the publisher. Authorization to photocopy items
for internal/educational or personal use, or the internal/educational or personal

use of specific clients is granted by MultiMedia Healthcare LLC for libraries and
other users registered with the Copyright Clearance Center, 222 Rosewood Dr.
Danvers, MA 01923, (978) 750-8400, fax (978) 646-8700, or visit http://www.
copyright.com online. For uses beyond those listed above, please direct your

written request to Permission Dept. email: ARockenstein@mmhgroup.com.

MultiMedia Healthcare LLC provides certain customer contact data (such as customer’s
name, addresses, phone numbers, and e-mail addresses) to third parties who wish to promote
relevant products, services, and other opportunities that may be of interest to you. If you do not
want MultiMedia Healthcare LLC to make your contact information available to third parties for
marketing purposes, simply call toll-free (866) 529-2922 between the hours of 7:30 a.m. and
5 p.m. CST and a customer service representative will assist you in removing your name from
MultiMedia Healthcare LLC lists. Outside the U.S,, please phone (218) 740-6477

LCGC North America does not verify any claims or other information appearing in any
of the advertisements contained in the publication, and cannot take responsibility for any

losses or other damages incurred by readers in reliance of such content.

LCGC North America welcomes unsolicited articles, manuscripts, photographs, illustra-
tions and other materials but cannot be held responsible for their safekeeping or return.

AN life sciences” BRAND

Spectroscopy

485F US Highway One South,
Suite 210

Iselin, NJ 08830

(732) 596-0276

Fax: (732) 647-1235

CORPORATE

Chairman & CEO
Mike Hennessy, Sr

Vice Chairman
Jack Lepping

President
Michael J. Hennessy, Jr

Chief Strategy Officer &
President, Agency Services
George Glatcz

Chief Financial Officer
Neil Glasser, CPA/CFE

Executive Vice President,
Operations
Tom Tolvé

Senior Vice President, Content
Silas Inman

Senior Vice President, I.T.
& Enterprise Systems
John Moricone

Senior Vice President,
Development &
Enterprise Systems
John Paul Uva

Senior Vice President, Audience
Generation & Product Fulfillment
Joy Puzzo

Vice President, Human
Resources & Administration
Shari Lundenberg

Vice President, Business
Intelligence
Chris Hennessy

Vice President, Corporate
Branding & B2B Marketing
Amy Erdman

Executive Creative Director,
Creative Services
Jeff Brown

PUBLISHING/SALES

Vice President/Group Publisher
Michael J. Tessalone
MTessalone@mmhgroup.com

Publisher
Stephanie Shaffer
SShaffer@mmhgroup.com

Associate Publisher
Edward Fantuzzi
EFantuzzi@mmhgroup.com

Sales Manager
Brianne Molnar
BMolnar@mmhgroup.com

Account Executive
Timothy Edson
TEdson@mmhassoc.com

Senior Director, Digital Media
Michael Kushner
MKushner@mmhgroup.com

EDITORIAL

Editorial Director
Laura Bush
LBush@mmhgroup.com

Managing Editor
John Chasse
JChasse@mmhgroup.com

Senior Technical Editor
Jerome Workman
JWorkman@mmhgroup.com

Associate Editor
Cindy Delonas
CDelonas@mmhgroup.com

Custom Content Writer
Allissa Marrapodi
AMarrapodi@mmhgroup.com

Webcast Operations Manager
Kristen Moore
KMoore@mmhgroup.com

Project Manager
Vania Oliveira
VOliveira@mmbhgroup.com

Digital Production Manager
Sabina Advani
SAdvani@mmhgroup.com

Managing Editor, Special Projects
Kaylynn Chiarello-Ebner
KEbner@mmbhgroup.com

Art Director
Dan Ward
dward@hcl.com

MARKETING/OPERATIONS

Marketing Manager
Anne Lavigne
Alavigne@mmhgroup.com

C.A.S.T. Data and List
Information

Melissa Stillwell
MStillwell@mmhgroup.com

Reprints
Alexa Rockenstein
arockenstein@mmhgroup.com

Production Manager
Jesse Singer
jsinger@hcl.com

Audience Development Manager
Jessica Stariha
JStariha@mmbhgroup.com


mailto:MTessalone@mmhgroup.com
mailto:SShaffer@mmhgroup.com
mailto:EFantuzzi@mmhgroup.com
mailto:BMolnar@mmhgroup.com
mailto:TEdson@mmhassoc.com
mailto:MKushner@mmhgroup.com
mailto:LBush@mmhgroup.com
mailto:JChasse@mmhgroup.com
mailto:JWorkman@mmhgroup.com
mailto:CDelonas@mmhgroup.com
mailto:AMarrapodi@mmhgroup.com
mailto:KMoore@mmhgroup.com
mailto:VOliveira@mmhgroup.com
mailto:SAdvani@mmhgroup.com
mailto:KEbner@mmhgroup.com
mailto:dward@hcl.com
mailto:ALavigne@mmhgroup.com
mailto:MStillwell@mmhgroup.com
mailto:arockenstein@mmhgroup.com
mailto:jsinger@hcl.com
mailto:JStariha@mmhgroup.com
mailto:arockenstein@mmhgroup.com
mailto:MStillwell@mmhgroup.com
mailto:kscaffidi@mjhassoc.com
mailto:ARockenstein@mmhgroup.com
http://www.copyright.com
http://www.copyright.com
www.chromatographyonline.com

HPLC Polymers 101

The power of polymeric columns

Polymer HPLC columns have a lot of benefits. They don’t
require any functionalization for reversed-phase separations,
and rigid polymeric supports intrinsically resist chemical and
pH degradation, a fundamental problem with silica columns.
Plus, polymer’s inertness to most chemical environments
makes it a robust and economical solution.

Hamilton offers a line of pH stable polymer HPLC columns
for reversed phase, anion exchange, cation exchange,
and ion exclusion separations perfect for pharmaceuticals,
small molecules, proteins, peptides, DNA, organic,

and inorganic ions, and more.

Advantages of polymer over silica

pH range of 1 — 13
Widest chemical compatibility
Temperatures higher than 60 °C

Maximum sample recovery

NS s

Longest average life span

To learn more about how polymer columns can perform for you, visit
www.hamiltoncompany.com/polymers-101
or call toll free 1-888-525-2123

© 2018 Hamilton Company. All rights
Images Copyright Rangizzz and Carolina K. Smith, M

eserved.

2018

Used under license from Shutterstock.com

s HAMILTON



http://www.hamiltoncompany.com/polymers-101
http://www.hamiltoncompany.com/polymers-101

6 Current Trends in Mass Spectrometry October 2019

LCurrent Trends i

SpPECEEODMEery October 2019

Articles

lonization Efficiency for Environmentally Relevant Compounds Using Atmospheric Pressure
Photoionization Versus Electrospray lonization 7
Prakriya Shrestha, Katherine A. Maloof, Alayna Stephens, Clayton P. Donald, and Kevin R. Tucker

In this study, atmospheric pressure photoionization (APPI) is compared to the default ionization method, electrospray ionization
(ESI), for solution-phase samples. These mass spectrometry methods are compared and optimized relative to artificial wastewater
for the detection and quantitation of pharmaceuticals frequently found as environmental contaminants.

Recent Advances in Hyphenated Chromatography and Mass Spectrometry Techniques and Their Impact
on Late-Stage Pharmaceutical Development 16
Tony Bristow and Andrew Ray

In late-stage pharmaceutical development a new generation of high-resolution mass spectrometers and ion mobility mass
spectrometers operate as orthogonal separation techniques and have greatly increased the ability to resolve impurities and increase
the level of analytical information gained from a single analysis.

Quantitative Analysis of PFAS in Drinking Water Using Liquid Chromatography Tandem Mass
Spectrometry 21

Emily Parry and Tarun Anumol

Per- and polyfluoroalkyl substances (PFAS) are found in firefighting foams and consumer products. They are ubiquitous in the
environment and are an emerging human health concern. This work compares the 2009 and 2018 revised US Environmental
Protection Agency (EPA) LC-MS/MS methods of analysis for PFAS in drinking water.

Novel Methods Using Mass Spectrometry for Food Safety—From Contamination to Nutrition 25

Ashley Sage, Jianru Stahl-Zeng, and Philip Taylor

In the human food supply, public confidence is affected by contaminants and misreporting of nutritional information. This article
highlights three events that required development of new mass spectrometry methods, including the detection of pesticides (such
as fipronil and glyphosate), and the detection and quantification of fat-soluble vitamins.

Departments
ProdUCES. - . - & . it i i i i i e i e e e e e e e e e e e e e e 29

Application Notes . . . . . . . . ...t ittt st e e e 31

Cover image courtesy of cristian prisecariu/stock.adobe.com



www.chromatographyonline.com

October 2019 Current Trends in Mass Spectrometry 7

lonization Efficiency for
Environmentally Relevant
Compounds Using Atmospheric
Pressure Photoionization Versus
Electrospray lonization

For solution-phase samples, the world of mass spectrometry defaults to electrospray ionization (ESI).
ESI is used for the analysis of a broad variety of compounds, ranging from polar to moderately nonpo-
lar. However, ESI possesses limitations that prevent the ionization of certain analytes—particularly non-
polar compounds. This study aims to compare the ionization efficiency of complementary ionization
techniques, and demonstrate that multiple methods can improve the analytical results with respect to
limits of detection and matrix tolerance. Atmospheric pressure photoionization (APPI) is an ionization
method that complements ESI, excelling in the analysis of nonpolar and moderately polar analytes. For
this study, we optimized methods using APPI and ESI for the detection and quantitation of pharmaceuti-
cals frequently detected in the environment, including antibiotics, beta-blockers, and selective-serotonin
reuptake inhibitors, and tested their matrix tolerance relative to artificial wastewater. While most of
these compounds ionized preferentially by ESI, some performed significantly better using APPI.

Prakriya Shrestha, Katherine A. Maloof, Alayna Stephens,
Clayton P. Donald, and Kevin R. Tucker

based on their mass to charge (m/z) ratio, and detect them
(1). Today’s commercial instruments are capable of trans-
ferring 97-99% of ions successfully from the source to the

to improve our analytical methods to achieve lower
limits of detection, have broader dynamic ranges, or

I : very day in the world of analytical chemistry, we strive

tolerate greater interference, for example. Along with the
need for improved methods of quantitation, there is pres-
sure on the field of mass spectrometry (MS) to be able to
successfully detect multitudes of analytes of interest from
single injections, which poses the question, How do we im-
prove the detection of analytes? However, sometimes using
a single injection reduces performance by only using a single
ionization method. When you can optimize not only your
separation, but also your ionization method, your method
may truly improve. The basic principle of MS is to ionize
molecules under study into gaseous ions, separate these ions

detector, so the greatest improvements in detection and
methods today are focused on the source. The ultimate
question then becomes, When ionizing a sample, will the
use of complementary ionization techniques improve the
figures of merit of the individual analytes?

ESI and APPI:

Complementary lonization Techniques

By choosing the appropriate ionization source, liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) can
be used for the detection of trace levels of contaminants like
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Table I: Physicochemical characteristics of antibiotics and endocrine disruptor compounds (EDCs) (24)

Molecular Water
Class Compound Chemical Formula Weight Solubilit pK, Log K,
(g/mol) (mg/mL

Ceftriaxone C,gH1gNg0,S,4 554.6 0.105 2.5 0.68*
Beta-lactam Cephalexin Ci6Hi7N50,S 347.4 0.297 5.2 0.65*
antibiotics Ampicillin C16H1oN;0,S 349.4 10.1 2.5 1.35%

Penicillin G C,HqgN,055 334.4 0.285 2.74 1.83*
Macrolide Erythromycin C3,Hg,NO 5 733.9 2 8.9 3.06
ALl Tylosin C4eH,5NO,, 916.1 5 7.73 3.5
sulfonamide Sulfamethoxazole CioHyN3;O5S 253.3 0.61 1.6 0.89*
antibiotics Trimethoprim C14H,N,0, 290.3 0.4 7.12 091
Tetracycline Oxytetracycline C,,H,,N,0, 460.4 0.313 9.5 -0.92*
s Tetracycline Cy,HN,0, 444.4 0.231 3.3 1.37%
Nitroimidazole Metronidazole CeHgN;0, 17116 9.5 14.58 -0.02*
antibiotics 1,2 dimethyl-5-nitroimidazole CH,N,0, 141.13 18.3 2.81 0.31%
B1-selective "
beta-blocker Acebutolol C,gH6N,0, 336.43 0.259 9.57 1.77
B1-selective *
beta-blocker Metoprolol CisHysNO; 267.36 0.402 9.68 1.95
B -adrenergic
blocker Propranolol C¢HNO, 259.34 0.0794 9.45 3.48
B1-selective .
beta-blocker Atenolol C,4H,,N, 0, 266.34 0.429 9.6 0.16
SSNRI Venlafaxine C,,H,,NO, 277.40 0.230 10.09 3.20
SSRI Citalopram C,oH,,FN,O 324.39 0.00588 9.78 3.74
SSRI Paroxetine C,oH,oFNO, 329.37 0.00853 9.6 1.37*
* A compound with Log K, less than 2.5 means the compound is hydrophilic and readily found in the aqueous phase.
(SSNRI stands for selective serotonin and norepinephrine reuptake inhibitor)
(SSRI stands for selective serotonin reuptake inhibitor)

antibiotics and endocrine disruptor
compounds (EDCs) from environmen-
tal samples. The electrospray ionization
(ESI) source has been used as a powerful
soft ionization technique for the analysis
of a wide array of sample types, ranging
from polar to nonpolar by MS, and can
also be used for the analysis of thermola-
bile molecules of high molecular weight
(2). Although ESI is popularly used for
the analysis of environmental pollutants,
it may not be able to ionize all contami-
nants efficiently. Certain contaminants
are either poorly ionized, or not ionized
at all. ESI is limited to analytes that are
of low to high polarity, and moderate to
high molecular weight (3).
Atmospheric pressure photoioniza-
tion (APPI), introduced in 2000, is also

a soft ionization technique. APPI was
found to have success with the analysis
of compounds with low to no polar-
ity, and compounds of low to moderate
molecular weight, but cannot be used
on thermolabile compounds. These
parameters are what make APPI and
ESI complementary to each other (4).
This opens new doors for studies al-
ready utilizing the ESI method, be-
cause APPI can be used for comple-
mentary analysis of compounds that
may not be detected by ESI. Addition-
ally, APPI has shown tolerance to ma-
trix components beyond what EST has,
due to its ionization pathway (5). APPI
can be used for the analysis of a wide
range of compounds, including drugs,
human endogenous compounds, lip-

ids, natural compounds, pesticides,
synthetic organics, and petroleum
derivatives (6). There are very few
research papers reporting compara-
tive studies of ionization efficiencies
in MS for the detection of antibiotics
and EDCs (7-9).

A triple quadrupole mass analyzer
was used in this study utilizing both
the full scan mode—optimization and
multiple reaction monitoring (MRM)—
quantitation. Full scan mode can give
qualitative analysis of a sample’s com-
position under study, and MRM mode
is a highly selective mass monitoring
mode with a wider linear dynamic
range, improved limit of quantitation
(LOQ), increased sensitivity, and su-
perior accuracy. The advantage of the
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MRM scan mode is improved signal-
to-noise ratio due to removal of nonan-
alyte ions and isobaric precursors by
monitoring fragments.

There are different MS acquisi-
tion parameters that affect the sig-
nal intensity of ions. The Agilent
MassHunter Data Acquisition Soft-
ware used in this study sets a default
value for all acquisition parameters
for each ionization source (see table
S1 in the supplemental information).
There is a sheath gas flow chamber
in the electrospray ionization source
that is absent in the atmospheric
pressure photoionization source. As
a result, the sheath gas temperature
and sheath gas flow rate parameters
are present only for ESI, while APPI
has an additional vaporizer param-
eter that is not present in ESI. Frag-
mentor voltage, collision energy, cell
accelerator voltage, gas temperature,
vaporizer, gas flow (L/min), nebu-
lizer (psi), sheath gas temperature,
and sheath gas flow rate were all op-
timized for each analyte prior to data
acquisition in this study.

Analytes of Interest

The current global population is
growing at the annual rate of 1.09%.
This increase in population means
that pharmaceuticals are continuing
to be prescribed and consumed at an
alarming rate. In 76 countries across
the globe, antibiotic consumption
as described in defined daily doses
(DDD) increased by 65%—from 21.1
billion doses in 2000 to 34.8 billion
doses in 2015—and the overall anti-
biotic consumption rate has increased
by 39% (10). In addition to antibiotics,
beta blockers and antidepressants are
two classes of pharmaceuticals gain-
ing popularity. Beta blockers are a
class of drugs frequently used to treat
hypertension, heart disease, and other
cardiovascular events. Although the
true nature of their efficacy has been
questioned in certain studies, beta
blockers are still highly prescribed,
due to the diverse range of clinical
symptoms they can successfully treat
(11-12). Per the National Center for
Health Statistics (NCHS) in 2017, the
rate of antidepressant use in America

October 2019  Current Trends in Mass Spectrometry 9

has increased by 65% since 1999 (13).
Unfortunately, this increase in phar-
maceutical use means more pharma-
ceutical waste is likely to end up in
the environment. Although there is an
urgency to know the exact harm this
excess will cause, the priority is to har-
ness the ability to detect as many phar-
maceuticals in environmental samples
as possible. This will then allow for
proper removal techniques to be em-
ployed before the harmful substances

have a chance to further contaminate
the environment (14).

Low Concentrations,

Large Impact

Numerous studies have shown that some
pharmaceuticals are not completely re-
moved during the wastewater treatment,
and ultimately enter the environment
in low concentrations. The adverse ef-
fects of pharmaceuticals entering the
environment in low concentrations are
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Table II: lonization source efficiency for antibiotics and endocrine disruptor compounds (EDCs)

Ampicillin <0.001 <0.001 -
Ceftriaxone <0.001 - ESI
Beta lactams
Cephalexin <0.001 <0.001 -
Penicillin G 139.1 <0.001 APPI
Erythromycin 1.158 162.5 ESI
Macrolides
Tylosin 5.337 3401 ESI
Sulfamethoxazole 226.1 70.87 APPI
Sulfonamides
Trimethoprim 81.1063 <0.001 APPI
Oxytetracycline <0.001 - ESI
Tetracyclines
Tetracycline <0.001 <0.001 -
Metronidazole <0.001 2.945 ESI
Nitroimidazoles
1,2 Dimethyl-5-nitroimidazole 169.2 19.91 APPI

fragmentor

the fragmentor

flow rate

Select 2-3 product ions

collision energy

Selection of precursor ion from full scan

Run the sample at various fragmentor voltages and optimize the

Run the sample at various cell accelerator voltages and optimize

Run the sample at various gas temperatures and optimize the gas
temperature

Run the sample at various gas flow rates and optimize the gas

Run the sample at various collision energies and optimize the

Optimized MS
Parameters for
Precursor Ion

Optimized MS
Parameters for
Product Ion

Figure 1: Flowchart of the ionization optimization strategy used in this study.

antibiotic resistance, genotoxicity, acute
or chronic toxicity, and endocrine dis-
ruption (15). Antibiotics and EDCs are
emerging pollutants detected through-
out the world, yet they remain unregu-
lated by the United States Environmen-
tal Protection Agency (EPA) (16).

Sir Alexander Fleming, the British
bacteriologist, discovered penicillin in
1928 from the fungus Penicillium no-

tatum, and what followed was an era of
novel antibiotics derived from micro-
organisms and antibiotic synthesis (17).
The ability of antibiotics to eradicate a
wide range of bacterial infections led
to their increased use over time. Un-
fortunately, bacteria have developed
mechanisms to combat the actions of
antibiotics. Thus, the overprescribing of
antibiotics, along with a lack of patient

knowledge regarding the importance
of correct antibiotic administration,
has become an insidious issue that is
known as antibiotic resistance. An-
tibiotic resistance arises as microor-
ganisms develop the ability to survive
the action of antibiotics, meaning that
when antibiotic resistant bacteria infect
animals and humans, the antibiotic
regimen that would normally eradicate
the bacteria becomes useless. This is the
reason being able to successfully detect
antibiotics from wastewater samples
is so important. In this study, five dif-
ferent classes of antibiotics were used:
beta-lactams, macrolides, nitroimidaz-
oles, sulfonamides, and tetracyclines.
Antibiotics can either be bacterio-
static, which means they prevent the
growth of bacteria, or they can be bacte-
ricidal, meaning they actively kill bacte-
ria. However, antibiotics’ mechanism of
action is more important when consid-
ering treatment options. Beta-lactams
inhibit the biosynthesis of bacterial cell
walls by making penicillin-binding pro-
teins unavailable for new peptidoglycan
synthesis, which causes the lysing of
bacteria. The beta-lactams used in this
study are ampicillin, ceftriaxone, ceph-
alexin, and penicillin G. Macrolides
inhibit protein synthesis during trans-
location in bacteria by dissociating pep-
tidyl-tRNA from the middle of the 23S
rRNA of the ribosome’s 50S subunit,
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Table III: lonization source efficiency for endocrine disruptor compounds (EDCs)

Current Trends in Mass Spectrometry 11

ESI APPI Efficient
Class EDCs lonization
LOQ (ppb) LOQ (ppb) Source
Acebutolol 14.81 38.37 ESI
Atenolol 9.68 22.44 ESI
Beta blockers
Propranolol <0.001 <0.001 -
Metoprolol 8.690 21.700 ESI
Paroxetine <0.001 <0.001 -
Selective serotonin .
reuptake inhibitors Citalopram 166.2 <0.001 APPI
Venlafaxine <0.001 3788 ESI

Table IV: Matrix effect on the analysis of antibiotics using ESI and APPI

ESI APPI
- With Without . With | Without .
Antibiotics Matrix | matrix 'E’ﬁgg;‘ Matrix | Matrix II\E/:‘?‘g:I;(
LOQ LOQ (%) LOQ LOQ (%)
(ppm) | (ppm) (ppm) | (ppm)
Trimethoprim <LOD 0.0811 - 0.0357 <LOD -
Ampicillin 0.0144 <LOD - <LOD <LOD -
Ceftriaxone <LOD <LOD - - - -
Cephalexin 0.166 <LOD - <LOD <LOD -
Erythromycin 0.00976 | 0.00116 | 742.92 0.988 0.163 507.62
Oxytetracycline <LOD <LOD - - -
Penicillin G 0.00796 0.139 -94.28 <LOD <LOD -
Sulfamethoxazole <LOD 0.226 - 0.939 0.0709 1224.93
Tetracycline <LOD <LOD - <LOD <LOD -
Tylosin 0.0293 0.00534 | 448.47 | 0.00629 3.40 -99.82
Metronidazole <LOD <LOD - 0.00233 | 0.00295 -20.77
1'.2 Dllm.ethyI—S— 0.0268 0.169 -84.18 0.0285 0.0199 43.13
nitroimidazole

causing early detachment of unfinished
peptide chains. The macrolides used in
this study are erythromycin and tylosin,
an antibiotic popularly used in farm an-
imals. Tetracyclines prevent the attach-
ment of aminoacyl t-RNA to the A site
in bacterial ribosomes by acting on the
16S rRNA of the 30S subunit inhibiting
protein synthesis. Oxytetracycline and
tetracycline were the tetracyclines used
in this study. Sulfonamides prevent the
multiplication and growth of bacteria by
inhibiting certain steps in the metabo-
lism of folic acid. Sulfamethoxazole and
trimethoprim were the sulfonamides
used in this study. Nitroimidazole anti-
biotics inhibit nucleic acid synthesis that
occurs in bacterial cells by disruption of

the DNA in microorganisms. Metro-
nidazole and 1,2 dimethyl-5-nitroim-
idazole were the nitroimidazoles used
in this study (18).

EDCs are natural compounds or
synthetic chemicals that mimic natu-
ral hormones in the body and interfere
with the action of the natural hor-
mones (19). These compounds most
profoundly cause adverse effects on re-
production, developmental, neural and
immune systems of human beings and
animals. Research suggests that EDCs
reduce fertility and the increase the risk
of cancer, diabetes, obesity, and endo-
metriosis (20). Among various EDCs,
beta-blockers (acebutolol, atenolol,
metoprolol and propranolol) and SSRI

antidepressants (citalopram, parox-
etine and venlafaxine) were used in
this study.

Make or Break for

Successful Analysis: Matrix
Effects and Wastewater

Properly dealing with impurities is a
necessary complication in every field
of research. In MS, the problem with
matrix is variability in ionization ef-
ficiency of analytes of interest as coe-
luted species serve to either enhance
or inhibit the ionization process for
an analyte. This issue becomes in-
creasingly problematic when trying
to discern analytes of interest from
wastewater. Water that is obtained
as a byproduct of agricultural, in-
dustrial, domestic, and commercial
activity is termed wastewater. Waste-
water contains nutrients such as cal-
cium, iron, nitrogen, phosphorus,
potassium, and components such as
fats, sugars, and proteins. Synthetic
wastewater was made to mimic the
wastewater from the influent of a
typical wastewater treatment plant
with its composition designed to
imitate the dissolved inorganic solids
and dissolved organic solids of real
wastewater. The synthetic wastewa-
ter prepared in this study was from
H. E. Gray (2012) (21).

APPI has been found to be less sus-
ceptible to matrix effects compared
to ESL This is likely due to the fact that
APPI is more selective in jonization, be-
cause the photon emitter krypton lamp
at 10.6 eV can ionize analytes, but not
the matrix component, meaning that
the difference in how a sample is ionized
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can be the difference between more or less matrix interference
(22). Using APPI involves the ejection of an electron from the
analyte molecule to produce the gaseous radical cation (23). It
is also possible, however, that the matrix component can act as
a dopant and ionize sample components with high ionization
energy through electron transfer leading to signal enhancement.

Although matrix effects cannot be removed completely,
they can be minimized by optimizing the sample preparation
procedure and LC-MS parameters. Solid-phase extraction
(SPE) with an appropriate sorbent can reduce the matrix
effect by eliminating interfering matrices. The formula for
calculation of the matrix effect is:

analyte in matrix
Matrix effect = [(same conc.of analyte in neat solvent ) B 1] x100 [1]

Physicochemical characteristics of antibiot-
ics and EDCs help to determine the environmental
fate of these compounds. Table I contains import-
ant physicochemical characteristics of antibiotics
and EDCs under study including solubility, pK,, and
log K . A compound with a log K value <2.5 is hy-
drophilic and readily found in the aqueous phase.

Methods

Specific Analytes Used

A total of 12 antibiotics and 7 EDCs were analyzed in this
study. Ceftriaxone sodium salt hemi(heptahydrate) and
erythromycin were purchased from Acros Organics with a
purity of >98%. Propranolol hydrochloride (99%), metroni-
dazole (99%), acebutolol hydrochloride, metoprolol tartrate
(98+%), tetracycline hydrochloride (96%), and oxytetracy-
cline hydrochloride were purchased from Alfa Aesar. TCI Co.
was the main supplier of chemicals: cephalexin monohydrate
(>98%), sulfamethoxazole (>98%), penicillin G potassium salt
(>98%), atenolol (98%), venlafaxine hydrochloride (>98%),
trimethoprim (>98%), citalopram hydrobromide (>98%),
and 1,2 dimethyl-5-nitroimidazole. Ampicillin sodium salt
was procured from Affymetrix Inc. Tylosin tartrate (95+%)
and paroxetine hydrochloride (98+%) were bought from Ark
Pharm Inc. All antibiotics and EDCs were used without fur-
ther purification. All the solvents used in the analysis are
of HPLC grade and purchased from Fischer Chemical. Po-
tassium phosphate monobasic (99.8%) was purchased from
EK Industries Inc. Sodium acetate trihydrate (100.7%), mag-
nesium sulfate heptahydrate (99.9%), ammonium chloride
(99.7%), and calcium chloride dihydrate (99.9%) were bought
from Fischer Scientific. All solvents and chemicals were used
without further purification.

Optimized Parameters

The parameters were optimized for MS as follows: 1.00
ppm sample of each analyte was analyzed for the selection
of the precursor ion, optimization of fragmentor voltage,
optimization of cell accelerator voltage, optimization of
gas temperature, optimization of gas flow rate, and op-
timization of collision energy. All the ions formed were

analyzed for intensity. Ions with m/z values equal to and
greater than the molecular weight of the analyte were con-
sidered to determine the precursor ion. See Figure 1 for
the flowchart of the optimization strategy.

A calibration curve for each analyte was obtained by
the internal calibration method using the optimized MS
parameters. Calibration was performed in the range of
1.00 ppt to 10.0 ppm for each analyte under study. Each
of the standard solutions for antibiotics was spiked with
the mixture of internal standards of antibiotics (azithro-
mycin d;, cephalexin d., ciprofloxacin dg, penicillin G d,
sulfamethoxazole d,, and trimethoprim d,) to produce a
final concentration of 100 ppb of each internal standard.
Each of the standard solutions for EDCs was spiked with
the mixture of internal standards of EDCs (metoprolol d,
and paroxetine d;) to produce a final concentration of 10.0
ppb of each internal standard.

A synthetic wastewater matrix solution was prepared by
dissolving potassium phosphate monobasic, sodium ace-
tate trihydrate, magnesium sulfate heptahydrate, ammo-
nium chloride, and calcium chloride dihydrate in MilliQ
water. The concentration and quantity of reagents used
for synthetic wastewater matrix preparation is given in
supplemental table S2.

Analysis of the antibiotics and EDCs was performed using
an Agilent Technologies 1290-6460 Triple Quadrupole LC-
MS/MS instrument using two ionization sources: an Agilent
Jet Spray ESI source and an Agilent APPI source operated
in positive mode. Full scan mode was used for the opti-
mization of MS parameters, and MRM mode was used for
calibration and analysis of wastewater. Data interpretation
was performed using Agilent’s MassHunter Workstation
Software. HPLC parameters for analysis are given in sup-
plemental table S3.

Calibration was performed in the range of 1.00 ppb to
10.0 ppm in matrix for all the analytes under study. Inter-
nal standards were added as described previously.

A setup of Waters Oasis Prime HLB cartridges and a SPE
vacuum manifold was used for off-line SPE to extract an-
tibiotics and EDCs from the synthetic wastewater matrix
calibration sample. Waters Oasis Prime HLB cartridges,
1 mL barrel syringe with 30 mg universal polymeric re-
versed-phase sorbent, were employed. SPE pretreatment was
performed by washing the column with 2 mL of HPLC-
grade methanol, 2 mL of Millipore deionized water, and
2 mL of Millipore deionized water at pH 2 under gravity.
Then the samples were loaded on the column under vacuum
at 10-20 mL/min rate.

Washing and Elution Step

for Antibiotics Sample

After loading the sample on the column, the cartridge
was washed with 2 mL Millipore deionized water for the
antibiotics sample. The column was then washed first
with 2 mL of methanol, and then with 1 mL of methanol:
acetone (1:1) under gravity, and collected and combined
in test tubes.
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Table V: Matrix effect on EDCs using ESI and APPI

for the presence of antibiotics and
EDCs to demonstrate the effective-

Table VI: Antibiotic detected in real wastewater sample using ESI and APPI

*t-test p-value < 0.05

Washing and Elution

Step for EDCs Sample

EDCs sample cartridges were washed
with 1 mL of methanol:water (5:95)
solvent. After the first washing step,
the column was dried for 15-30 min
under vacuum. The column was
washed first with 1 mL of ethyl ace-
tate:methanol (9:1) under gravity (this
eluate was collected in a test tube la-
beled as fraction 1), then washed with
1 mL of 5% methanol:2% acetic acid
in water, then with 1 mL of 5% meth-
anol:2% NH,OH in water under vac-
uum, and dried for 10-15 min under

vacuum. After drying, the column
was eluted with 1 mL of 2% NH,OH
in methanol, and combined with el-
uate present in the test tubes labeled
as fraction 1.

Wastewater Sample

Wastewater samples were collected
from the influent of the aeration
treatment at the Environmental Re-
sources Training Center (ERTC), a
training center for drinking water
and wastewater treatment at South-
ern Illinois University Edwardsville
(SIUE). The samples were analyzed

ESI APPI ness of the method development on

With | Without With | Without real wastewater samples.
Antibiotics Matrix matrix Matrix Matrix | Matrix Matrix The wastewater samples were se-

Effect Effect - :
LoQ LOQ (%) LOQ LOQ (%) quentially filtered through VWR 417
(ppm) | (pPmM) (ppm) | (ppm) (40 pm) filter paper, then through
Acebutolol 0.0382 | 0.0148 | 158.11 0.135 | 0.0384 | 25295 VWR 696 (1.2 um) glass microfiber
filter paper, and then through an Ahl-
Atenolol 6.53 0.00968 | 67432.40 0.330 0.0224 1369.77 . .

strom 193 (0.7 um) microfiber glass
Citalopram <LOD 166.2 - <LOD <LOD - filter. The filtrate was separated into 6
Metoprolol 104 | 0.00869 | 1186513 | 0.115 | 0.0217 | 42897 bottles each with 250 mL of filtrate, 3
samples for analysis of antibiotics and
Paroxetine <tob | <LOD - <tob | <LOD - 3 for EDCs. All samples were spiked
Propranolol 0.249 <LOD B} <LOD <LOD with appropriate internal standards

- as described previously.
Venlafaxine 0.104 <LOD - 3.71 3.79 -2.07 Samples were adjusted to pH 3.0

using 6.0 M sulfuric acid before per-
forming the SPE. Waters Oasis Prime
HLB cartridges (6 mL, 200 mg univer-

Antibioti With Matrix (ppm) Without Matrix (ppm) sal polymeric reversed-phase sorbent)
ntibiotics
ES| APPI ESI APPI were used for wastewater sample an-
alyte extraction. The SPE method for
Trimethoprim 136 1.08 6.20 6.92 yie ex e
wastewater was identical to the syn-
Ampicillin 0.125 <LOD <LOD <LOD thetic matrix sample preparation except
Ceftriaxone 0.860 i 3.92 i the ql'lant%ty of reagent solvents us.ed
was five times greater due to the in-
Cephalexin 013+ e b FAlE creased volume and cartridge bed mass.
Erythromycin 6.23 0.316 4.96 0.819
: Results and Discussion
e 0.317 . 2.58 The optimized MS parameters for
Penicillin G 0.168* 4.62% 0.562 0.939 the precursor ion of antibiotics for
Sulfamethoxazole 0.748* 0.181* 2.89% 0.949* ESI as an ionization source can be
found in supplemental tables S4 and
Tetracycline 0.31 >LOL 3.13 >LOL S5, while parameters for APPI are
Rlesfn 0.496 0273 <LOD 0.889 shown in S6 and S7. Ions with the
highest intensity peak with a m/z
Metronidazole 0.0330 0.0170 0.309 0.0200 equal to or greater than the mo-
i -5- lecular weight of the analyte were
L 2iDiSthyes 0.0857 <LOD 0.136 0.00310 gt 0%, e
nitroimidazole selected as potential precursor ions

and MS parameters were optimized
using these ions.

The optimized MS parameters
for the product ion of antibiotics for
ESI as an ionization source can be
found in supplemental tables S8 and
S9, while parameters for APPI are
shown in S10 and S11. At most, three
ions with m/z less than the molec-
ular weight of the analyte and with
the highest ion abundance were op-
timized to determine the optimized
collision energy of the product ions.

The regression equations for antibi-
otics and EDCs without matrix were
selected such that they were equivalent
for calibration curve performed with
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Table VII: Antibiotic detected in real wastewater sample using ESI and APPI

With Matrix (ppm) Without Matrix (ppm)

Antibiotics

ESI APPI ESI APPI
Acebutolol 0.235 2.78 0.0344 0.925
Atenolol <LOD 0.0234 <LOD <LOD
Citalopram <LOD 0.0388 0.144* 0.419*
Metoprolol 0.0830 0.0006 0.167 <LOD
Paroxetine <LOD <LOD 0.229 7.67
Propranolol 0.474* 0.932* 0.906 250
Venlafaxine 0.0503* 2.48* 0.0271* 4.00*
*t-test p-value < 0.05

and without matrix. The calibration
curve correlation coefficient (R?) cri-
teria was established as higher than
0.99 for all the antibiotics and EDCs
without matrix using ESI, shown
in supplemental tables S12 and S13.
Ampicillin, ceftriaxone, cephalexin,
sulfamethoxazole, oxytetracycline,
tetracycline, and metronidazole have
limits of detection (LODs) <1 ppt
using ESI and sulfamethoxazole has
the highest LOQ among the antibi-
otics analyzed (226.1 ppb). All stan-
dard calibration curves are shown in
supplemental table S20. Paroxetine,
propranolol, and venlafaxine have a
LOD <1 ppt using ESI, and acebutolol
has the highest LOQ(14.81 ppb).
Ampicillin, cephalexin, penicillin
G, trimethoprim, and tetracycline
have LOD values <1 ppt using APPI
as the ionization, and tylosin has
the highest LOQ among the antibi-
otics analyzed (3,401 ppb), as shown
in supplemental table S14. Citalo-
pram, paroxetine, and propranolol
have LODs <1 ppt using APPI as the
ionization source and venlafaxine
has the highest LOQ (3,788 ppb) as
shown in supplemental table S15.
The efficiency of both ionization
sources was determined by compar-
ing the LOQ for each of the phar-
maceuticals obtained using ESI and
APPI. Limits of quantitation <1 ppt
in both the ionization sources means
the most efficient ionization source
could not be determined. Any com-
pounds that are thermolabile will de-

grade using APPI, meaning the com-
pound will not be detected by APPI,
and ESI was the ionization source
that was used. Erythromycin, tylosin,
and metronidazole ionized efficiently
by ESI based on the comparative
LOQ result. This hypothesized to
be due to the pK, of each compound
(Table I) being greater that the pH of
the mobile phase (3.80) used in the
analysis of antibiotics which allows
it to protonate easily. Acebutolol,
atenolol, metoprolol, and venlafaxine
were ionized efficiently by ESI based
on the comparative LOQ results ob-
tained from the calibration curve
performed with and without matrix.
A complete breakdown of this anal-
ysis can be found in Tables IT and III.

Penicillin G, sulfamethoxazole,
and 1,2 dimethyl-5-nitroimidazole
have lower LOQs when ionized by
APPI, so APPI is the preferred ion-
ization source for these analytes.
The pK, values of these compounds
(Table I) are less than the pH of the
mobile phase (3.80) leading them not
to be protonated in solution. In ad-
dition, sulfamethoxazole and 1,2 di-
methyl-5-nitroimidazole each have a
high degree of conjugation in their
structures facilitating the absorption
of photons and molecular radical ion
formation (M**) (24). This specific
trend was not observed in the case
of trimethoprim indicating that some
other preferred ion formation path-
way must be present. Citalopram also
has a higher degree of conjugation in

its structure which facilitates the ab-
sorption of photons and molecular
radical ion formation (M**) making
the APPI source highly efficient for
the analysis of these compounds.

Two-way paired t-tests were con-
ducted at a significance level (a) of
0.05 on the data of the calibration
curve performed with an artificial
matrix and without a matrix. Sup-
plemental table S16 provides the
p-values of the test for both the ESI
and APPI ionization sources for anal-
ysis of antibiotics and shows that all
population means are equal, there-
fore there is no significant difference
between data obtained with or with-
out a matrix. Supplemental table S17
shows the population means are also
equal between the data obtained with
and without artificial matrix.

The matrix effects on antibiotics
and EDCs using ESI and APPI was
calculated using the limit of quantita-
tion (LOQ) obtained from calibration
curves performed with and without
the matrix. The trends can be seen in
Tables IV and V.

Real wastewater samples from the
ERTC were analyzed for the detec-
tion of antibiotics and EDCs. Table
VI shows the concentration of anti-
biotics in real wastewater samples and
Table VII shows the EDCs calculated
using the calibration curve equation
obtained from calibration curve per-
formed with and without synthetic
matrix using ESI and APPI.

Paired t-tests were used to compare
the concentration of antibiotics and
EDCs in sample calculated using cal-
ibration curve performed with artifi-
cial matrix and without matrix. Two-
way paired t-tests were conducted at
a significance level (a) of 0.05 and
the significance difference between
the concentration of antibiotics and
EDCs on the real wastewater sam-
ple collected from ERTC wastewater
treatment plant using the equation
obtained from calibration curve per-
formed with artificial matrix and
without a matrix were determined.
Only three of the p-values shown
in supplemental tables S18 and S19
demonstrated a statistical difference
between using the matrix calibration
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curve versus the water curve illus-
trating that while important for some
analytes, overall it had insignificant
effect in this specific study.

Conclusion

There are few studies comparing the
efficiencies of ionization sources for
the analysis of pharmaceutical an-
alytes. While many researchers are
limited to using ESI as their only
ionization source, the use of comple-
mentary ionization techniques pro-
duces better results for the quantita-
tion of analytes, and should thus be
considered for future studies. When
purchasing an instrument costing
$250,000 and up, the addition of
a $25,000 additional ion source in
order to improve analyte coverage
in one’s analysis should be viewed as
nearly doubling the analytical capa-
bilities of the instrument in terms of
analyte coverage.

It was found that ESI is preferable
for the analysis of pharmaceuticals
such as antibiotics, beta-blockers,
and SSRI antidepressants. However,
ESI is not suitable for the ionization
of all the pharmaceuticals with high
sensitivity. APPI is an excellent com-
plement to ESI; it is highly efficient in
the ionization of analytes that ESI is
unable to ionize.

There was no significant difference
observed in the presence of a matrix
at very low analyte concentrations.
With higher concentrations of ana-
lytes, however, matrix effects should
be taken into consideration when
using these methods given the sig-
nificant difference observed. Since
the limit of quantitation of most of
the analytes was <1 ppt, further study
is needed to determine the ionization
efficiency of ESI and APPI for these
compounds by calibrating at lower
concentrations.

By determining the ionization en-
ergy of analytes using the appropriate
software, it can be predicted which
compounds will ionize by APPI or
ESI preferentially. This determina-
tion will aide in the analysis of other
classes of environmental pollutants,
including other groups of pharma-
ceuticals like statins and pesticides.
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Using ESI and APPI as comple-
mentary ionization techniques yields
a more complete picture of what
compounds are present when ana-
lyzing in full scan mode and better
quantitation of analytes when appro-
priately optimized. This informa-
tion holds value because employing
multiple ionization techniques is an
easy fix that creates a cost-effective
method for analyte detection that
can improve the outcome of research
in future studies.

Supplemental Information
The supplemental tables can be found
online in the issue archives.
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Recent Advances in Hyphenated
Chromatography and Mass
Spectrometry Techniques and
Their Impact on Late-Stage
Pharmaceutical Development

This article reviews the changing role of mass spectrometry (MS) hyphenated to reversed-phase
liquid chromatography (LC) and alternative separation techniques in late-stage pharmaceutical
development. The impact of the changing portfolios within the pharmaceutical industry is discussed
as the industry moves from a traditional small-molecule model to a more diverse portfolio. A new
generation of high-resolution mass spectrometers and ion mobility mass spectrometers operating as
orthogonal separation techniques has greatly increased the ability to resolve impurities and increase
the level of knowledge gained from a single experiment. The continued impact and innovation of gas
chromatography-mass spectrometry (GC-MS) in late-stage development is also discussed.

Tony Bristow and Andrew Ray

he introduction of small, compact mass spec-
trometers has widened the potential uses for this
technique (1) These mass spectrometers may be
considered as cheaper options for open access systems,
and are used as supplementary and complementary
detectors to UV for peak tracking and forced degrada-
tion studies, or as quantitative detectors for potentially
mutagenic impurities, or for analytes without chromo-
phores. The use of mass spectrometry (MS) to confirm
the identity of an impurity during (accelerated) stabil-
ity analysis and route development activities gives the
analyst greater confidence in the data, and potentially
highlights issues earlier than when using UV detection
alone (for example, for the identification of coeluting
peaks). The smaller size of these systems makes it much
easier to take the mass spectrometer to the sample, for
example, for on-line reaction monitoring (2); this has
enabled self-optimizing routines to be used where the
mass spectrometer is identifying when optimum con-
ditions are reached (2,3).
Recent years have seen an increase in the use of dif-
ferent separation techniques, moving from traditional

reversed-phase high performance liquid chromatography
(HPLC) and gas chromatography (GC) to ultrahigh-pres-
sure liquid chromatography (UHPLC) with shorter run
times, hydrophilic interaction liquid chromatography
(HILIC), supercritical fluid chromatography (SFC), and
ion chromatography (IC). These can be a challenge to the
mass spectrometer as a result of the need for faster scan
speeds or issues with interfacing. In SFC-MS, the pres-
sure reduces as the eluent leaves the column, the CO, can
potentially boil off, and analytes can potentially precip-
itate. To overcome these challenges, the eluent flow can
be split before the back pressure regulator, or the eluent
can be mixed with a solvent miscible with CO,. The use
of a back pressure regulator alone can compromise the
chromatographic integrity (4). SFC-MS has been shown
to be applicable to a wide range of pharmaceutical com-
pounds (5), including analysis from dosage forms (6), for
chiral analysis (7), and preparative chromatography (8).
SFC-MS has also been operated as an open access sys-
tem in support of an academic MS facility (9). Capillary
electrophoresis (CE)-MS has also been shown to have
advantages in some instances (10).
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The range and capability of mass
analyzers available has continued to
evolve. An increased number of these
systems are capable of high mass res-
olution; as resolution increases, the
mass accuracy and specificity in-
creases such that it becomes easier
to make structural assignments. The
high resolution also offers an alter-
native to more traditional MS/MS
experiments for quantitative analy-
sis, where the specificity is gained by
removing nominally isobaric impu-
rities through mass resolution rather
than the formation of different frag-
ment ions (11). The robustness of
modern analyzers and their ease of
use has to some extent moved the
operation of these instruments from
MS specialists into the hands of an-
alytical scientists.

The potential for application of
ion mobility-mass spectrometry
(IM-MS) within the pharmaceutical
industry was first demonstrated by
Eckers and co-workers in 2007 (12).
The use of collisional cross-section
(CCS) as an additional characteris-
tic of an impurity, in addition to its
retention and molecular weight, has
significant potential as a tool within
the pharmaceutical industry (Figure
1, reference [13]). The peer-reviewed
literature contains abundant exam-
ples from academic research groups
of the application of many different
types of ion mobility techniques in-
terfaced to MS for pharmaceutical
analysis. The potential impact of the
technology is illustrated by the 2018
review by Iain Campuzano and Jen-
nifer Lippens (14), which discusses
innovations in ion mobility technol-
ogy and how they have been applied
within research in the pharmaceuti-
cal industry. The review outlines the
theory of different ion mobility tech-
nologies and describes applications
to small molecules, metabolites,
lipids, peptides, proteomics, pro-
teins, and antibody-drug conjugates
(ADCs). The authors note and reflect
that ion mobility has seen broad ac-
ceptance and adoption within the
academic community. However,
within the pharmaceutical industry,
it is still seen as a niche and special-
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ist technique, which is reflected in
its slower uptake and the resulting
limited examples of applications
originating from industrial research
within the peer-reviewed literature.

An area of particular interest in the
pharmaceutical industry is enantio-
meric analysis of small molecules and
this has been explored by IMS-MS. A
recent example is the publication by
Donald and co-workers, where dif-
ferential ion mobility spectrometry
(DMS)-MS was explored for the rapid
and quantitative chiral recognition
of small molecules (tryptophan and
phenylalanine) using a chiral selec-
tor (N-tert-butoxycarbonyl-O-ben-
zyl-L-serine [BBS]) that formed pro-
ton bound diastereomeric complex
ions (15). The formation of gas-phase
charge isomers (protomers) has been
shown by Sobott and co-workers to
be an additional complication during
ion mobility analysis because multiple
peaks are observed for the same mole-
cule (16); this has also been observed
by Hines and associates (13).

The biggest challenge to the an-
alytical chemist or MS specialist
working in late-stage pharmaceuti-
cal development is the now immense
diversity of molecular entities that
are being developed as drug mole-
cules, with a notable shift towards
larger molecules (17); these may be
peptides, oligonucleotides, or drug
delivery systems such as ADCs. This
shift can require adoption of new
techniques or a retraining in old
techniques that have to some degree
fallen out of favor (CE and size-ex-
clusion chromatography [SEC], for
example). These molecules provide
challenges, especially around the
identification and quantification of
impurities. For example, CE-MS has
shown some complementarity with
LC-MS for the analysis of peptides
through orthogonal separation (18).

Oligonucleotides present a partic-
ular challenge as a result of the large
number of chiral isomers. The com-
plex structure and multistep synthesis
and purification lead to a broad range
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Figure 1: (@) Conformation of cefpodoxime proxetil, obtained through molecular modeling, which
had a theoretical CCS value 0.65%, different to that of lower experimental CCS value; (b) bimodal
arrival time distribution of cefpodoxime proxetil annotated with the experimental CCS values; (c)
conformation of cefpodoxime proxetil, obtained through molecular modeling, which had a theoretical
CCS value 0.97%, different to that of the higher experiment CCS value. Adapted with permission from
Hines et al., Anal. Chem. 89, 9023 (2017), copyright 2017 American Chemical Society (13).

of impurities such as N - 1 and N +
1 shortmers and longmers where the
impurities have either one less or one
more nucleotide (and the similarity
between the main component and the
impurities). The separation of these
molecules are typically based around
ion-pair chromatography (19,20), but
the presence of coeluting impurities
means that MS is used to quantify the
purity of the main peak. The impor-
tance of therapeutic oligonucleotides
is clearly reflected in their increasing
prevalence within the peer-reviewed
literature. The potential impact of
oligonucleotides was illustrated in the
2011 review paper by Niessen and van
Dongen, which discussed bioanalyti-
cal LC-MS of therapeutic oligonucle-
otides (21). This review recognized the
increasing importance of LC-MS to
characterize the parent oligonucleotide
and its metabolites in biological fluids.
The extensive review covers many of
the key aspects of LC-MS of oligonu-
cleotides, including chromatographic
retention, ionization efficiency, ion-
pair chromatography, pH, organic
modifiers, the distribution of multiple
charges, and fragmentation efficiency.
Bartlett and co-workers have been
notably active and this is reflected
in two recent publications. A review
published in 2018 focuses on the appli-
cation of chromatographic techniques

(including ion-pair reversed phase—
HPLC-MS) for the determination of a
broad range of oligonucleotide impu-
rities and degradation products (22).
The review also describes in detail
the vast range of impurities and their
synthetic origin. The importance of
the characterization of the impurities
and understanding their origin in the
context of both process optimization
and design of commercial synthetic
processes is highlighted. In addition
to this thorough review, Bartlett and
associates have also recently described
the application of IP-reversed-phase
LC-MS/MS for the in-depth charac-
terization of the degradation products
formed from four different antisense
oligonucleotides under stressed con-
ditions (different pH values and tem-
peratures) (23). There have been a
number of recent examples of research
in the area of oligonucleotide charac-
terization originating directly for the
pharmaceutical industry. Smith and
Beck at GlaxoSmithKline described
the application of LC-MS and 31P
NMR to quantify a low-level coeluting
impurity in a modified oligonucleotide
(24), and Breda and co-workers at Ap-
tuit have published a validated (10-
10000 ng/mL) bioanalytical ion pair
LC-MS/MS assay for the quantifica-
tion of a 13-mer oligonucleotide in rat
plasma to support a four-week toxicol-

ogy study (25). Though less prevalent
within drug project portfolios, thera-
peutic peptides are of increasing inter-
est within analytical science. This has
been reflected in the growing market
for counterfeit biopharmaceuticals and
the impact on analytical science has
been investigated by Vanhee and asso-
ciates (26). Their 2015 paper discusses
the analysis of illegal peptide biophar-
maceuticals frequently encountered by
controlling agencies. It describes the
development of a general screening
method employing LC-MS/MS for
both the identification and quantita-
tion of illegal injectable peptide prepa-
rations that covers a range of therapies
including oncology. The method was
selective for the characterization of 25
different peptides (based on MS/MS
fragmentation), and also validated for
quantitation according to ISO-17025.

Many peptide separations can re-
quire buffers, salts, or additives that
render them incompatible with MS.
Hao Luo and colleagues at Merck have
sought to overcome this challenge by
developing two-dimensional (2D)-LC
as an online desalting tool to allow pep-
tide identification directly from these
MS-unfriendly HPLC methods (27).
Their method employs a heart-cutting
2D-LC system coupled to a quadru-
pole time-of-flight (QTOF)-MS. Frac-
tions separated in the first dimension
using an MS-incompatible mobile
phase are transferred to the second
dimension, where fast desalting with
an MS-compatible phase allows sub-
sequent MS characterization of impu-
rities. In a novel method, Gammel-
gaard and associates have investigated
the use of selenium as an elemental
label for the quantification of the
cell-penetrating 16 amino acid pep-
tide penetratin (28). Using the label-
ing method in combination with flow
injection combined with inductively
coupled plasma-mass spectrometry
(ICP-MS) (for total Se), LC-ICP-MS
(for quantitative peptide uptake), and
liquid chromatography-electrospray
ionization-mass spectrometry (LC-
ESI-MS) (for the characterization
of degradation products) provided
detailed information of the peptide
cellular uptake.
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Figure 2: Flow chart of the analysis from brentuximab vedotin. Adapted with permission from Ehkirch
and associates, Anal. Chem. 90, 1578 (2018), copyright 2018 American Chemical Society (30).

Another class of compound that
is becoming increasingly prevalent
is the ADC. The challenges involved
in the mass spectrometric analysis of
these compounds have been investi-
gated by Friese and co-workers (29).
For characterization of ADCs, Cian-
ferani and colleagues have described
a proof of concept study on the appli-
cation of an on-line four-dimensional
hydrophobic interaction chromatog-
raphy (HIC)xSECxion mobility-mass
spectrometry (IM-MS) methodology
(Figure 2). The approach allows sev-
eral critical quality attributes re-
quired for process and formulation
development, lot characterization,
and stability testing to be monitored
in a single analysis (30).

Polymeric materials have long played
an important role in the pharmaceuti-
cal industry, for example as excipients
in oral solid-dose drug product for-
mulations. Fiebig and colleagues from
Boehringer Ingelheim have taken a
novel approach to characterizing the
regularly used formulation constituents,
polyethylene glycol 400 and polysorbate
80. Their publication describes the ap-

plication of traveling wave ion mobility
spectrometry (TW-IMS) quadrupole
time-of-flight high resolution mass
spectrometer (QTOF-HRMS) and the
use of both the collision cross-section
and accurate mass for this characteri-
zation challenge (31). The methodology
was applied to in vivo metabolite studies
allowing rapid identification of the for-
mulation constituents.

More recently polymeric materials
are being developed as nanocarriers for
targeted drug delivery in biomedicine.
Examples include nanoparticles that
encapsulate an active pharmaceutical
ingredient (API) and dendrimer drug
conjugates, where a number of API
molecules are attached to the surface
of a hyperbranched polymer (32). As
a result of their relatively recent emer-
gence and novelty, reports on the char-
acterization of dendrimers is limited,
however poly(amidoamine) (PAMAM)
dendrimers have found some focus, no-
tably by Fernandez-Alba and colleagues
in 2013 (33,34). The group have de-
scribed the application LC-ESI-MS and
LC-ESI-MS/MS (using both QTOF and
hybrid quadrupole-linear ion trap) to

the characterization (accurate mass
MS/MS) and quantitation (SRM) of
PAMAM dendrimers (generations
GO to G3) in simple aqueous media
and more biorelevant urine. The
quantitative method was validated
and shown to have sensitivity in the
micromolar range.

Finally, we should not lose sight
that GC-MS remains an essential tool
within the pharmaceutical industry
for many qualitative and quantitative
applications. Continued innovation in
GC-MS technology has been demon-
strated by the introduction of a num-
ber of high-resolution GC-MS systems
(35). The authors of this article have
themselves demonstrated the capability
of GC coupled to an orbital mass spec-
trometer for structural characterization
to deliver process development and un-
derstanding (36). Accurate mass GC-
electron ionization (EI)-MS and GC-
chemical ionization (CI)-MS data were
used to characterize key impurities of a
synthetic building block for an import-
ant drug substance that was under de-
velopment. Such characterization and
impurity tracking of small synthetic
building blocks is an essential aspect
of process development and design for
long-term product quality and patient
safety. The quantitative potential of GC
with orbital trap MS was also evaluated.

GC-MS plays an important role
in the characterization and quanti-
tation of extractables and leachables
that may result from devices used
within the pharmaceutical industry.
GC coupled with HRMS has proved
particularly effective in extractable
and leachable analysis (37,38).

A recent example of this is the re-
port by Lacorte and associates who
have assessed the migration of plasti-
cizers from poly(vinyl chloride) and
infusion bags both qualitatively and
quantitatively using selective extraction
and GC-MS (39). PVC is widely used
in the pharmaceutical industry for the
manufacture of a wide range of medical
devices, including tubes, probes, bags,
and primary packaging. Therefore, the
characterization of the migration po-
tential of plastic additives (for example,
phthalates, various phenols, and benzo-
phenone) is of great importance in the
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context of patient safety and adherence
to international regulations.

Summary

The use of mass spectrometry in all
areas of the pharmaceutical indus-
try has increased markedly over the
last ten years as instruments become
smaller and cheaper, or smaller with
increased resolution. The changes
in the project portfolios across the
pharmaceutical industry with novel
(larger) molecules and complex drug
delivery devices means that there are
many challenges where mass spec-
trometry will be the analytical tech-
nology of choice. However, there is
also a requirement to shift to differing
separation techniques in front of the
mass spectrometer or for ion mobility
mass spectrometry, after the ioniza-
tion has occurred. It is clear that mass
spectrometry coupled to a wide range
of separation technologies continues
to play an essential role throughout
the pharmaceutical industry, from
discovery to development, to support-
ing a long-term supply of essential
medicines to patients. The continuing
evolution of MS technologies will only
further strengthen the future impact
and importance of MS in the phar-
maceutical industry. LC-MS is still a
predominant technique and its impact
will not only continue, but will be en-
hanced over the coming years.
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Quantitative Analysis of PFAS
In Drinking Water Using Liquid
Chromatography Tandem

Mass Spectrometry

Per- and polyfluoroalkyl substances (PFAS) are chemicals found in firefighting foams and
consumer products requiring water-resistant and stain-repellent properties. As a result of
their unique chemical properties and long-term widespread usage, these chemicals are
an emerging human health concern. The US Environmental Protection Agency (EPA) first
released analytical methods for PFAS measurement in 2009, and revised these methods
in November of 2018. In this article, data generated using these methods with allowed
analytical modifications is presented, and demonstrates robustness and reproducibility,

while achieving low level detection limits in drinking water.

Emily Parry and Tarun Anumol

a class of man-made compounds widely used in

industry and manufacturing because of their
uniquely desirable chemical properties. These com-
pounds are used in non-stick cookware, food contact
materials, fire-fighting foams, surfactants, and many
other applications. Their chemistry makes these com-
pounds extremely persistent, bioaccumulative, and po-
tentially toxic to animals and humans (1). As a result of
their widespread usage over the last few decades, they
are now ubiquitous in the environment.

There are more than 4500 PFAS commercially man-
ufactured, but only very few have been monitored in
the environment. The most commonly measured PFAS
classes in the environment are the perfluorocarboxylic
acids (PFCAs), such as perfluorooctanoic acid (PFOA),
and perfluorosulfonic acids (PFSAs), such as perfluo-
rooctanesulfonate (PFOS). Some of these PFAS com-
pounds are currently the subject of regulation, and
much public and research attention (2).

The US Environmental Protection Agency (EPA)
indicates a drinking water health guidance for PFOA
and PFOS at a combined 70 ng/L, while several US
states have guidelines for PFOA, PFOS, and other PFAS

Per- and polyfluoroalkyl substances (PFAS) are

(PFNA, GenX) at low ng/L levels. In Europe, the drink-
ing water directive recommends levels of lower than
0.1 pg/L for individual PFAS, and 0.5 pg/L for total
PFAS, while several member countries have guidelines
for PFAS in the ng/L range in drinking water. PFOS
and its salts have been listed as priority pollutants to be
phased out from use under the Stockholm Convention.
With PFOA and PFOS banned or in the process of being
phased out by manufacturers globally, alternative com-
pounds are being used resulting in emerging classes of
PFAS now being detected in the environment.

The measurement of these compounds at ng/L levels is
quite challenging. Therefore, the need for standard meth-
ods to measure them in the environment is critical for
establishing baselines and future regulatory decisions.
In 2009, the US EPA established EPA Method 537 for
the quantification of 14 PFAS in drinking water, using
solid-phase extraction (SPE) and liquid chromatography
(LC) coupled with tandem mass spectrometry (MS/MS)
(3). In late 2018, the US EPA revised this method (EPA
537.1) to include four emerging PFAS, including hexaflu-
oropropylene oxide dimer acid (HFPO-DA aka GenX),
ADONA, 9CI-PF30NS, and 11CI-PF30NS (components
of F-53B; replacement for PFOS) (4).
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Figure 1: The average spike recoveries of PFAS in ultrapure and finished drinking water using SPE..

02 PFPeA
o1 _ PFBS

PFHXA
GenX

PFTA

NMeFOSAA pruna 11CI-PF30UdS
NEtFOSAA

PFHpA! [Adona
PFOA

||' ﬂ

1 ros 'y .

PFTrDA

PFNA
9Cl- PFDA PFDOA
PF3NOS  *

TENOS W v

~ PFHXS 4 I-.

a5 5 55 6 65 7 7s 8 85
Counts vs. Acquisition Time (min)

9 95 10 105 n 1s 12 125 3

Figure 2: Chromatogram of EPA 537.1 analytes with the addition of PFBA and PFPeA.

This article aims to provide a
simple SPE procedure for the ex-
traction of PFAS in drinking water
analyzed in EPA Method 537, along
with a liquid chromatography-tan-
dem mass spectrometry (LC-MS/
MS) method for the analysis of
PFAS listed in EPA Method 537.1 to
achieve the required low ng/L levels
in drinking water.

Experimental

Chemicals

Standards were purchased from
Wellington Laboratories, Inc. and
calibration standards diluted to a
desired concentration in 96:4 meth-
anol:water.

Instrumental

Five pL of the standard sample were
introduced for analysis into the LC-
MS/MS system. Instrument sensi-
tivity allowed for the reduction of

10 uL cited in the EPA 537 method.
LC separation was performed on an
Agilent 1260 Infinity II Prime LC
system with a 3.0 x 50 mm, 1.8-um
Zorbax Eclipse Plus C18 column
(Agilent). A 4.6 x 50 mm, 3.5-pm
Zorbax Eclipse Plus C18 delay col-
umn (Agilent) was used after the bi-
nary pump to separate background
PFAS introduced from the solvent,
tubing, and the degasser from the
desired analytes.

The Agilent Jet Stream Technol-
ogy Ion Source (AJS) was used for
maximum ionization. Source pa-
rameters were the same as can be
seen in reference (5), with the ex-
ception of the increase of drying gas
flow to 7 L/min. The Agilent Ultivo
Triple Quadrupole LC-MS (LC-TQ)
was operated in dynamic multiple
reaction monitoring (MRM) mode
to optimize sensitivity through
maximizing dwell time. For most

analytes, two transitions were ac-
quired to provide quantitation
and qualification ratios. MRM pa-
rameters are noted in Table I. EPA
Method 537.1 now requires the use
of 80 mass-to-charge ratio (m/z) for
PFHxS and PFOS to reduce bias be-
tween linear and branched isomers
and this was implemented.

Solid-Phase Extraction

Six replicates of 250 mL ultrapure
water and finished drinking water
samples were spiked at 4 ng/L for
each PFAS. The samples were then
extracted using a weak anion ex-
change (WAX, 150 mg, 6 cc) SPE
cartridge (Agilent), as in the proce-
dure described in EPA Method 537.
Details for the specific SPE proce-
dure can be found in reference (6).
The eluate was evaporated to a final
volume of 1 mL constituting ~96:4
methanol:water. Figure 1 shows
that the extraction recoveries of all
PFAS compounds were 70-130% and
ranging from 79 to 112% in both ul-
trapure and drinking water. The rel-
ative standard deviations (RSDs) for
all compounds was <15% (within
acceptable parameters for the EPA
method), demonstrating that the
cartridge is effective at extracting
low-level PFAS from drinking water
samples with high efficiency.

Results and Discussion
Background Contamination
Elimination

In this study, a delay column was in-
stalled in between the pump mixer
and the injection port to time re-
solve any background PFAS coming
from the solvents or the tubing of
the LC system itself.

Chromatographic Separation

and Method Performance

The analysis and separation of the 18
PFAS in EPA Method 537.1 were per-
formed with all analytes achieving
good peak shapes and peak widths
between 6-10 s. Figure 2 shows a
representative chromatogram of
the 14 analytes in EPA Method 537,
four of the emerging PFAS (GenX,
ADONA, 9CI-PF30UdS, and 11Cl-
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Table I: PFAS compound optimized transitions and estimated limit of detection on the LC-TQ system

Callfsien Estimated Instrument
Analyte RT Transition Fragmentor Ener Level of Detection
gy (Pg on Column)

PFBA' Ceftriaxone C,gH1gNgO,S;5 554.6 0.105 0.68

PFPeA’ 7.3 263> 218.9 60 6 0.06
298.9 > 80.1 34

PFBS 7.6 298.9> 99.1 100 22 0.1

PFHXA 8.5 331122'9921212; 70 164 07

HFPO-DA 8.9 285.1 > 169 100 0 0.44

PFHpA 9.5 gg;:g : ;?g 72 (9) 0.18
398.9 > 80.1 100 37

2

PFHXS 95 398.9 > 99.1 70 34 0.31

ADONA 9.65 337777'11 >>28541; 95 300 0.04

PFOA 10.2 2] g'g : ;gg 69 133 0.08

PFOS? 10.8 2323 : gg,} 100 :g 1.30
462.9 > 169 13

PFENA 10.9 462.9 > 418.9 66 3 0.26

9CI- PF30ONS 11.2 531 > 351.1 90 20 1.35
512.9 > 219 100 3

AR 8 512.9 > 468.9 81 12 Lt

NMeFOSAA 11.7 g;gii?ég 115 lg 0.47
562.9>219 100 15

PFUNA 11.6 562.95519 73 a 1.17

NEtFOSAA 11.9 SSSSEZS;%% 115 12 1.01

11CL-P30UdS 12.0 631 > 451 70 30 1.32
612.9> 269 100 15

PFDoOA 12.2 612.9 > 568.9 79 4 0.50
662.9 > 169 100 23

PFTrDA 12.6 662.9 > 618.9 91 7 0.18

PFTA 12.8 ;gg : ?gg 100 273 0.1

Not included in EPA Method 537 or EPA Method 537.1.

2EPA Method 537.1 requires that the 80 m/z product ion must be used to reduce bias between linear and branched isomers.

PF30UdS) added to EPA Method
537.1, and the addition of PFBA
and PFPeA. PFBA and PFPeA were
added to show the good chromato-
graphic separation and peak shapes
of the early PFAS eluters, even
though these are not present in the
EPA method. The mobile phase was
5 mM ammonium acetate in water

and 5 mM ammonium acetate in
95:5 methanol:water, instead of the
20 mM used in the EPA methods.
The EPA’s method flexibility allows
changes in the LC separation. How-
ever, the EPA notes that reduced
RT stability was observed over time
with lower concentrations. Reduced
stability at the lower concentration

has not been observed so far. The
gradient run time was reduced from
37 min in EPA Method 537 to 19.5
min (14 min gradient and a 5.50 min
post time).

Figure 3 shows representative
calibration curves for PFOA and
PFOS from 0.1-50 parts per billion
(ppb) in the final extract. Calibra-
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Figure 3: Linear calibration curves for PFOA and PFOS; 7-point calibration curve in duplicate (14

points) from 0.1-50 ppb in the extract.

Time (h)

PFHXA (3.0%)
= PFOS (1.9%)

PFOA (1.2%)
@ PFDA (3.6%)

PFNA (3.7%)
2N-MeFOSAA (3.6%)

Figure 4: Raw response deviation for six PFAS in the continuous calibration standards run across
a 26 h batch; the number in brackets is the percent RSD.

tion curves were linear with R? >
0.99. Complete details of the ana-
lytical method including method
optimized parameters and method
verification along with linearity, ro-
bustness, and analysis of real-world
drinking water samples can be
found in reference (5).

Robustness and Reproducibility

US EPA Method 537 requires sen-
sitive analysis of PFAS and robust-
ness of the data across samples and
batches. For example, the method
calls for the injection and analysis
of a continuing calibration standard
in a batch every 10 samples to mon-
itor system performance and vari-
ability. In this study, this method
was evaluated by following the raw
response of the PFAS standards run
as continuous calibration standards

every 10 samples across a batch of
samples over a 26 h worklist. The
standards were prepared in drink-
ing water extracts at 1 ppb in the
vial (~2.5 ng/L in sample equiv-
alent). All PFAS analytes had re-
sponse variation less than 5% RSD
except N-EtFOSAA (5.6%). Figure
4 illustrates the response stability
of the calibration standards across
the 26 h batch and shows that the
relative response, uncorrected by
internal standards (ISs), was stable
across the 11 CCV samples analyzed
over 26 h.

Conclusion

The analysis of PFAS at extremely
low levels in drinking water is re-
quired for adequate baseline mon-
itoring and regulatory determina-
tion. This article provides a sample

extraction protocol for PFAS in the
US EPA method that achieves high
recoveries in the target matrix, and
a robust LC-MS/MS method for ex-
cellent separation, low level detec-
tion, and reliable and robust quan-
tification of PFAS.
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Novel Methods Using Mass
Spectrometry for Food Safety—
From Contamination to Nutrition

Modern eating habits have led to the further diversification of an already complex food
supply chain. The public confidence in the food supply is not only impacted by publicized
crises involving contaminations, but also through the misreporting of nutritional informa-
tion. Food analysis is integral to the whole supply chain, be it through a rapid response
to a food crisis, such as the fipronil egg scandal, the continued monitoring of pesticides
that could harm an unsuspecting public, or accurately reporting nutritional information
to provide the information the public needs to make an informed decision about the
food they eat. Each event is fraught with difficulties, but by developing new methods of
analysis, crises in the food industry can be avoided, or their effects mitigated. This article
highlights three events that require new method development to meet various detection
needs, ranging from the detection of pesticides (such as fipronil and glyphosate), to the

detection and quantification of fat-soluble vitamins.

Ashley Sage, Jianru Stahl-Zeng, and Philip Taylor

odern diets have resulted in unprecedented

growth and diversification of the food sup-

ply chain. The necessity of a continual supply
of food means crops are commonly being treated with
pesticides that are essential to reduce the risk of failed
harvests. These chemicals are toxic to both insects and
humans, and as such the public must be protected from
unsafe concentrations of pesticides. Regulations imposed
by food standard agencies dictate pesticide maximum
residue limits (MRLs), which ensure the food on super-
market shelves is safe for consumption. In addition to
ensuring food is free from contaminants, it is also es-
sential to provide the public with accurate nutritional
information to help enable the healthy growth of the
global population.

To meet these goals, emphasis is placed on food con-
tent analysis to ensure quality and consistency between
batches. Characterization and detection techniques, such
as mass spectrometry (MS), offer manufacturers and pro-
ducers the ability to screen large quantities of samples
in a timely fashion, while guaranteeing reliable, repeat-
able measurements. Approaches to analysis are generally

twofold—proactive monitoring of essential nutrients and
possible contaminants, and crisis response, where wide-
spread contamination requires the rapid development
and deployment of analytical methods and equipment.

Rapid Response: Fipronil Egg Contamination
One recent example highlighting the need for a crisis
response is the fipronil contamination of eggs, which
resulted in the recall of millions of eggs. Fipronil is an
insecticide, belonging to the phenylpyrazole family of
chemicals, developed in the 1980s (1). Its high toxicity
makes fipronil useful for controlling levels of insects in-
cluding fleas, mites, and cockroaches, and is even useful
against pests resistant to various insecticides (2). How-
ever, in July 2017, fipronil made news headlines after
it was found to be present in eggs across Europe. This
crisis was so widespread that, by the end of August,
fipronil-contaminated eggs were detected in 15 European
countries and as far afield as Hong Kong and China.
Fipronil treatment for crops used in the food chain
is prohibited, and the US Environmental Protection
Agency (EPA) has labeled fipronil as possibly carcino-
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Figure 1: A chromatogram showing the clear separation of analytes, identifying fipronil and amitraz (another insecticide) and their related
metabolites. 1. DPMF, 2. DMA, 3. DMF, 4. fipronil, 5. fipronil sulfone, 6. amitraz.

genic, prohibiting its presence in the
food chain (3). Furthermore, the Euro-
pean Food Safety Authority (EFSA) dic-
tates fipronil concentrations of under 5
ug/kg to be safe for human consumption
(4). Complying with concentrations dic-
tated by regulation is therefore vital for
manufacturers and producers to ensure
the continued safety and confidence in
food supplied to the public. Detection
methods form one essential part of this
process, identifying and quantifying po-
tential contaminations prior to distribu-
tion in the food chain. There are several
plausible methods of detecting contami-
nants such as fipronil in samples of food.
The most common detection methods
include liquid chromatography-tandem
mass spectrometry (LC-MS/MS) and
gas chromatography—mass spectrometry
(GC-MS), with both requiring different
methods of sample preparation prior to
analysis.

The challenge arises in detecting
fipronil concentrations at the low
level stipulated by government regu-
lation, but novel methods capable of
detecting fipronil and its associated
metabolite, fipronil sulfone, have
been developed. Since the fipronil

contamination scandal began, de-
mand for a fast, sensitive detection
method has only continued to grow.
One such detection method involves
a modified Quick, Easy, Cheap, Effec-
tive, Rugged, and Safe (QuEChERS)
sample preparation technique prior
to detection, using a triple quadru-
pole instrument and electrospray
ionization (ESI). The high sensitiv-
ity of detection and ability to analyze
two compounds in the same run en-
able regulation-compliant detection
in a timely manner. This developed
method can detect fipronil, as well
as its major metabolite fipronil sul-
fone, to the MRL level of 5 pg/kg, as
demonstrated in Figure 1 (5).

In responding to a food contam-
ination crises, it is also prudent to
develop methods that can screen
for multiple contaminants at once,
potentially preventing contamina-
tion from other, unexpected sources.
Using nontargeted approaches,
such as sequential window acquisi-
tion of all theoretical mass spectra
(SWATH-MS) acquisition, contami-
nant detection is not limited to the
chosen molecule, in this case en-

abling the analysis of fipronil and
other contaminants such as pesti-
cides and polyaromatic hydrocarbons
(6). Combining instrumentation that
provides linear, reproducible contam-
inant detection to regulation-specific
concentrations, with novel sample
preparation methods, is essential to
avoid repeated events, and helps im-
prove public confidence in the integ-
rity of the food supply chain.

Continual Monitoring:
Glyphosate Pesticide

While fipronil is known to be haz-
ardous for health, regulatory advice
on other pesticides, such as glypho-
sate, is conflicted. Glyphosate is a
widely used broad-spectrum systemic
herbicide and crop desiccant. While
it has recently made headlines for
its potentially hazardous nature to
humans as a possible carcinogen, its
impact on human health is contested,
and, therefore, the use of glyphosate
as a farming pesticide is still permit-
ted (7). In cases where potentially
harmful pesticides are being used,
continual monitoring is required to
ensure chemical concentrations in
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Figure 2: MS spectra provide the ability to clearly identify and distinguish glyphosate and its
metabolite AMPA and other pesticides, such as glufosinate.

foods are safe. Glyphosate is used
globally and has been detected at
trace levels, along with related me-
tabolites, in 45% of European topsoils
(8), and in samples of milk (9).

The controversy surrounding the
use and potential contamination of
glyphosate has placed greater emphasis
on data collection and analysis meth-
ods to ensure levels of glyphosate in
food samples fall below the safe maxi-
mum residue level (MRL) (reported by
the EFSA as 50 pug/kg) (10). However,
while the analysis of glyphosate and
its associated metabolites is essential,
its detection presents different sample
preparation and analysis challenges
that must be overcome. The high po-
larity of glyphosate and its related me-
tabolites previously made sample ex-
traction and LC analysis difficult. To
overcome retention issues, derivatiza-
tion is employed using a method with
fluorenylmethyloxycarbonyl chloride
(FMOC-CI) as the derivatization re-
agent to convert glyphosate into an
analogue that can then be analyzed.
However, while this approach enables
detection, it is both complicated and
time-consuming, and fails to detect
pure glyphosate and its metabolites.

Currently, the detection of under-
ivatized glyphosate can be achieved
using new methods of extraction
coupled with instrumentation. One
such underivatized method of detec-
tion starts by using the Quick Pesti-

cide Preparation (QuPPe) extraction
method to prepare samples (11).
Using a combination of this approach
with sensitive MS instruments, accu-
rate quantification of glyphosate and
its metabolites can be achieved. By
combining the LC-MS/MS method
with differential mobility separation
(DMS) technology, interferences can
be removed from analyses to improve
the signal-to-noise ratio and, conse-
quently, increase confidence in quan-
tification results. These samples are
then analyzed using LC-DMS-MS/MS
to quantify and identify those contam-
inants present, as shown in Figure 2.

Vitamin Detection in Food

General food composition monitor-
ing is not limited to the detection of
harmful contaminants. It also forms
an essential component of the accu-
rate reporting of nutritional informa-
tion for packaging labels. Vitamins are
vital nutrients that are essential for an
individual’s growth and development.
Deficiency in any vitamin is detrimen-
tal to health, and is linked to a mul-
titude of health issues. For instance,
deficiency in vitamin D leads to the
bone disorder known as rickets, and
has been associated with other health
problems, including heart disease and
cancer (12). While most vitamins can
be obtained through natural means—
exposure to sunlight is the best source
of vitamin D—this is not always pos-

sible for some. Vitamin supplements
are one option, and are commonly
incorporated into food (for example,
infant formula). It is therefore imper-
ative to report accurate nutritional in-
formation on food packages to ensure
an individual’s vitamin needs are met,
and for manufacturers to correctly ad-
vertise the benefits of their products.

Vitamins broadly separate into two
categories: water-soluble (vitamins B
and C), and fat-soluble (vitamins A, D,
E, and K). Detection of water-soluble
vitamins is relatively easy, with anal-
ysis possible using MS. Conversely,
analysis of fat-soluble vitamins is dif-
ficult, owing to the challenges associ-
ated with MS detection. These prob-
lems originate from the presence of
lipids in fat-soluble vitamin samples
that cause an effect known as ion sup-
pression (13), negatively affecting the
detection, precision, and capability of
a mass spectrometer. The ease in the
detection of water-soluble vitamin
samples is a direct result of the absence
of lipids, enabling clean detection of
vitamin B and C in samples (14). No
uniform solution to ion-suppression
exists, but its effects can be circum-
vented by the removal of lipids.

The detection of vitamins provides
a specific detection challenge and,
until recently, it was difficult to detect
fat-soluble vitamins using LC-MS
methods. Food samples contain vari-
ous concentrations of vitamins, rang-
ing from parts per billion to parts per
million. To obtain clean, analyzable
detection of fat-soluble vitamins, the
lipid content should be removed from
food samples. This reduces the ion
suppression, and enables robust MS
analysis within a single chromatogram
that identifies multiple vitamins (see
Figure 3). Combining sensitive MS
methods with associated expertise in
methodology allows universal applica-
tion of the sample preparation and a
simple analysis of vitamin concentra-
tions in various food samples, meet-
ing the specific requirements of the
customer.

Summary
Identification and quantification of
potential contaminants and nutri-
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Figure 3: A single chromatogram identifying the various vitamins that can be identified within a single mass spectrum run.

ents are essential to maintaining the
integrity of the food supply chain. By
avoiding unnecessary contamination of
pesticides and providing clear labeling
information, food manufacturers can
be confident that food is safe for pub-
lic consumption, while also delivering
accurate nutritional information. Con-
tinual methodological and instrumen-
tation development will enable more
sensitive and timely detection to con-
tinue for years to come.
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Solid-phase extraction disks
Empore solid-phase
extraction disks from CDS
Analytical are designed as
an efficient alternative to
liquid-liquid extraction.
According to the company, a
proprietary process is used
to entrap adsorbent particles
into a matrix of inert polytet-
rafluoroethylene to create a
mechanically stable sorbent
disk. The disks are used for
purification and concentration of analytes from aqueous samples.
CDS Analytical, Oxford, PA. www.cdsanalytical.com

b

Mass spectrometer
Thermo Fisher's Orbitrap
Eclipse Tribrid mass
spectrometer is designed with
advancements that improve
system sensitivity and speed
over previous generations

of platforms through its high
performance and flexibility.
According to the company,
the system extends structural
analysis up to m/z 8000, enabling the isolation and selective dissociation
of protein complexes into their individual components.

Thermo Fisher Scientific,

San Jose, CA. www.thermofisher.com

GC-MS thermal desorption system
Gerstel's MPS TD system

is designed as a dedicated
sampler for automated
thermal desorption, thermal
extraction, and dynamic
headspace analysis. According
to the company, the system
can process up to 240
samples and is operated with
one integrated method and
one sequence table.

Gerstel, Inc.

Linthicum, MD.
www.gerstel.com

Air valves

Restek's RAVEqc quick
connect air valves are
designed as a tool-free
alternative to bellows or
diaphragm valves. According
to the company, the air
valves reduce the time and
variability associated with
connecting air canisters to
other devices.

Restek Corporation,
Bellefonte, PA.
www.restek.com
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Software for GCxGC-TOF MS
ChromSpace, a GCxGC

software package from SepSolv
Analytical, is designed to provide
streamlined instrument control
and data processing with an
intuitive interface. According

to the company, the software
allows 1D and 2D data from

a range of detectors to be
imported, enabling processing to
be unified on a single platform.
SepSolv Analytical Ltd.,
Peterborough, UK.
http://chem.sepsolve.com/software

Hydrogen laboratory server
The Proton OnSite hydrogen

laboratory server is designed to ;
use a protonexchange membrane, — -
electricity, and deionized water
to produce up to 18.8 standard
liter per min (SLM or SLPM) of
ultrahigh-purity hydrogen gas per
day. According to the company, the |
unit senses demand and adjusts

¥
reversed-phase, anion
exchange, cation exchange, and ion-exclusion separations, and two sili-
ca-based columns for reversed-phase separations.
Hamilton Company,
Reno, NV.
www.hamiltoncompany.com

production accordingly.
Proton OnSite,
Wallingford, CT.
www.protononsite.com

HPLC columns
HPLC columns from
Hamilton are available
with both silica-based
and polymeric sup-
ports. According to the
company, columns
include 17 polymeric

MALDI-TOF mass spectrometer
Shimadzu's MALDI-8020
benchtop mass spectrometer is
designed for matrix-assisted laser
desorption ionization time-of-flight
mass spectrometry (MALDI-TOF
MS). According to the company,
using linear TOF, the system
enables fast, low-level detection of
proteins, peptides, and polymers,
among other analytes.

Shimadzu Scientific
Instruments,

Columbia, MD.
www.ssi.shimadzu.com
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THE APPLICATION

NOTEBOOK

LCGC is planning to publish the next is-
sue of The Application Notebook special
supplement in February. The publication
will include vendor application notes that
describe techniques and applications of all
forms of chromatography and capillary
electrophoresis that are of immediate in-
terest to users in industry, academia, and
government. If your company is interested
in participating in these special supple-

ments, contact:

Edward Fantuzzi, Publisher,
(732) 346-3015

Brianne Molnar, Sales Manager,
(732) 346-3034

Application Note Preparation

It is important that each company’s mate-
rial fit within the allotted space. The editors
cannot be responsible for substantial edit-
ing or handling of application notes that
deviate from the following guidelines:

Each application note page should be no
more than 500 words in length and should
follow the following format:

160
140
120

100

Golf score

80

60

40

$150,000 $200,000 $250,000 $300,000 $350,000 $400,000
Cost

Call for Application Notes

* Title: short, specific, and clear

* Abstract: brief, one- or two-sentence
abstract

* Introduction

* Experimental Conditions

* Results

* Conclusions

* References

* Two graphic elements: one is the company
logo; the other may be a sample chro-
matogram, figure, or table

* The company’s full mailing address,
telephone number, fax number, and
Internet address

All text will be published in accordance with

LCGC’s style to maintain uniformity through-

out the issue. It also will be checked for gram-

matical accuracy, although the content will

not be edited. Text should be sent in electronic

format, preferably using Microsoft Word.

Figures

Refer to photographs, line drawings, and
graphs in the text using arabic numerals
in consecutive order (Figure 1, etc.). Com-
pany logos, line drawings, graphs, and
charts must be professionally rendered
and submitted as .TIF or .EPS files with

a minimum resolution of 300 dpi. Lines of
chromatograms must be heavy enough to
remain legible after reduction. Provide peak
labels and identification. Provide figure cap-
tions as part of the text, each identified by
its proper number and title. If you wish to
submit a figure or chromatogram, please fol-
low the format of the sample provided below.

Tables

Each table should be typed as part of the
main text document. Refer to tables in the
text by Roman numerals in consecutive
order (Table I, etc.). Every table and each
column within the table must have an ap-
propriate heading. Table number and title
must be placed in a continuous heading
above the data presented. If you wish to
submit a table, please follow the format of
the sample provided below.

References

Literature citations must be indicated by ara-

bic numerals in parentheses. List cited refer-

ences at the end in the order of their appear-

ance. Use the following format for references:

(1) T.L. Einmann and C. Champaign, Science
387, 922-930 (1981).

Table I: Factor levels used in the designs

Gradient profile 1 0 2
Column temperature (°C) 40 38 42
Buffer concentration 40 36 44
Mobile-phase buffer pH 5 4.8 5.2
Detection wavelength (nm) 446 441 451
Triethylamine (%) 0.23 0.21 0.25
Dimethylformamide 10 9.5 10.5

Figure 1: Chromatograms obtained us-
ing the conditions under which the ion
suppression problem was originally dis-
covered. The ion suppression trace is
shown on the bottom. Column: 75 mm
X 4.6 mm ODS-3; mobile-phase A: 0.05%
heptafluorobutyric acid in water; mobile-
phase B: 0.05% heptafluorobutyric acid
in acetonitrile; gradient: 5-30% B in
4 min. Peaks: 1 = metabolite, 2 = internal
standard, 3 = parent drug.

The deadline for submitting application notes for the
February issue of The Application Notebook is:

January 10, 2020

This opportunity is limited to advertisers in LCGC North America.
For more information, contact:
Ed Fantuzzi at (732) 346-3015 or
Brianne Molnar at (732) 346-3034
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EPA TO-17 Volatile Organic I
Compounds Analysis Using

Thermal Desorption o .
Xiaohui Zhang, CDS Analytical o

The performance of the CDS 7550S coupled to a GC-MS was g oo "'_-Ten:::;llﬂ:niﬂ
demonstrated for the EPA TO-17 volatile organic compounds 4 ' esityene :R 35’37731
(VOCGs), from dichlorodifluoromethane to naphthalene. gL —D?X%?;gge = S—dargahvl— Ri= 09081

& Toluene R*=0.99
& Styrene Ri= 99975

An automatic CDS 7550S Thermal Desorption System, featured for 200000

its 72-position sample rack, Peltier-focusing trap, pre-heat function, U ‘*.F?Eahtd;; Rﬁﬁé’m
internal standard (ISTD) addition, inert-coated flow path, and de- o — . . . . .

sign for high temperature, was coupled to an Agilent 6890 GC with VOCs level (ppbv)

B5975B MS. The adsorptive packing for the focusing trap was Tenax
TA, while the adsorbent for the ¥4 “OD x 3.5” length sample tubes

was CAMSCO Carbograph 2/Carbograph 1/Carboxene 1000, |

Figure 2: Calibration for hydrocarbons

The TO-17 calibration gas mix standards were loaded to the 1200000
sample tubes with a device having selectable sample loop volume
from 1-mL, 2-mL, and 5-mL, each with a 5-mL gaseous ISTD. The HLLLLL # Naphthalens R°- 09982

chromatographic separation was performed in a Restek Rtx-VMS
30.0 m x 250.00 um x 1.40 um column with helium as carrier gas.

200000

Thermal desorption conditions were summarized as below. 3 —-

£ 500000 enzene, 1-etl yM—mEtnvl—

3 ‘— Benzene, 1, zq—mmaml-

o B Mesltvlene RR:DDBB‘?}@!SZ
Tube Heater rest: 38°C . Ethylbenzene R+ 0.5878
Tube desorb: 300 °C & oiend Hyae oo
Dry: 38°C, 0.5 min o | i i R
IS IOOp: 50 mL N ‘—nmlgx:ix:neg n*;g?
|S f||| 1 m|n ol : ; e 13-Butadiene R:=0.9969
IS transfer: 1 min o 2 a - ;ﬂ(ppm 3 10 12
Trap type: Tenax TA . T
Figure 3: Calibration for halogenated hydrocarbons

Trap rest: -20 °C with Peltier 9 9 y
Trap pre-heat: 155 Table I: Internal Standard RSD
Trap desorb: 300 °C The TO-17 standards chro- ABiEs HEratstantar
Oven: 275 °C matogram is shown in | s1p R, Peak
Transfer line: 250 °C Figure 1. Area

The linearities of different | Bromochloromethane | 0.06% | 2.07%

= shown in Figure 2 and 3, as | Chlorobenzene-d5 0.03% | 1.86%
examples.

The reproducibility of the ISTD addition is shown in Table | as
i relative standard deviations of peak areas, all below 3%.

Il afli ] |J 1L -
: — CDS Analytical

Figure 1: Chromatogram obtained with oven temperature ramp- .

ing from 35 °C to 250 °C in 25 min with a split ration of 5:1. The 465 Limestone Rd, Oxford, PA 19363
shape of the peaks were optimized with a proper 15 s focusing ) tel. (800) 541'6593
trap pre-heat time. Website: www.cdsanalytical.com/thermal-desorption

4l
I
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ADVERTISEMENT

Automating Metabolic Stability Assays and Analyses
Using a Robotic Autosampler and LC-MS/MS Platform

Fredrick D. Foster, John R. Stuff, Laurel A. Vernarelli, and Jacqueline A. Whitecavage, Gerstel, Inc.

The in vitro metabolic stability of drug candidates is routinely examined
at an early stage of drug discovery. Automating the entire metabolic
stability assay and subsequent liquid chromatography—tandem mass
spectrometry (LC-MS/MS) analysis can provide the high-throughput
necessary for use in drug metabolism and pharmacokinetic (DMPK)
laboratories. The Gerstel MPS robotic autosampler performs syringe
transfer of all liquids involved in the metabolic stability procedure as
well as temperature-controlled incubation of the samples for defined
time periods. Additional sample preparation steps are performed as
needed. The PrepAhead function enables parallel LC-MS analysis and
preparation of the following sample, thereby increasing throughput
while ensuring that samples receive identical treatment. The resulting
extracts were automatically introduced into an Agilent Ultivo LC-MS/
MS instrument for analysis immediately after being prepared for best
possible reproducibility. Linear calibration curves resulting in R? values
of 0.99 or greater were achieved for the complete automated procedure.
Time-course studies for model drug compounds in microsomes were
examined and are presented.

Experimental

Materials: Stock solutions were purchased from Cerilliant. Individual
substrate samples for each compound examined were prepared at
a concentration of 5 mM each, respectively, in DMSO. Male, CD-1,
mouse liver microsomes (20 mg/mL), male, Sprague Dawley, rat liver
microsomes (20 mg/mL), and NADPH Regenerating System Solutions
A and B were purchased from Corning Discovery Labware, Inc. The

Figure 1: MPS robotic™ sampler with the Gerstel CF-200 Centrifuge
option.

NADPH Regenerating Solution A contains 26 mM NADP+, 66 mM
glucose-6-phosphate, and 66 mM magnesium chloride in water.
The NADPH regenerating solution B contains 40 U/mL glucose-6-
phosphate dehydrogenase in 5 mM sodium citrate. When combined,
solutions A and B can be used for NADPH requiring oxidase assays.
All other reagents and solvents used were reagent grade.

CD1 mouse microsomes
100
90
2 80
=
% 70 _
x &0 =
o
£ 50
2
ﬁ 40
® 30
2
< 20
10
0 ot = o ™ ™
0 10 20 30 40 50 6C
Incubation Time (min.)
Diazepam =—®—Imipramine —®—\erapamil

Figure 2: Representative time-course results for substrates in CD1 mouse microsomes.



ADVERTISEMENT R 33

Sprague Dawley rat Microsomes

Ave. % Substrate Remaining
3

10 20 30 40 50 60
Incubation Time (min.)

=]

Midazolam  —®—Dextromethorphan

Figure 3: Representative time-course results for substrates in Sprague Dawley rat microsomes.

Instrumentation Conclusions
All automated PrepSequences were performed using an MPS ° Automated microsomal stability assays are readily automated
roboticPRO sampler with the Gerstel CF-200 centrifuge option and using the Gerstel MPS roboticPRO  sampler including
heated agitator as shown in Figure 1. All analyses were performed subsequent LC-MS/MS analysis using an Agilent Ultivo triple
using an Agilent 1260 HPLC system with an Agilent Poroshell 120 quadrupole mass spectrometer.
EC-C18 column, (3.0 X 50 mm, 2.7 um) and an Agilent Ultivo triple . Linear calibration curves resulting in R? values 0.99 or greater
quadrupole mass spectrometer with Jet stream electrospray source. were achieved for the compounds being analyzed.
Samples, stop solution, substrates, microsomes, and NADPH o The LC-MS/MS method proved to be accurate and precise.
regeneration solutions were stored within a Peltier-cooled tray at 4 °C accuracy data averaged 95.6% (range: 73.8%-113%), and
throughout the automation. Sample injections were made using the precision data averaged 2.78 %RSD (range: 1.48%-5.29%)
Gerstel LC-MS tool into a six-port (0.25 mm) Cheminert C2V injection for all compounds analyzed.
valve outfitted with a 2-uL stainless steel sample loop.

Reference
Automated Prep Sequence: The automated microsomal stability (1) Corning Discovery Labware Inc., Mammalian Liver Microsomes, Guidelines
experiment followed industry standard experimental conditions for Use, TFO00017 Rev. 2.0, retrieved April 2019 from https://certs-
(1), including a range of liquid addition steps. Following the sample ecatalog.corning.com/life-sciences/product-descriptions/452701.pdf.

preparation procedure, the MPS robotic injects the prepared extract (2) Gerstel app note 206, http://www.gerstel.com/pdf/AppNote-206.pdf
into the LC-MS/MS for analysis. For more details, please consult Gerstel
App Note 206. Negative controls were performed using the same steps,
minus the cofactors, in order to exclude substrate disappearance due to

causes other than those induced by the presence of cofactors. G E R ST E I

Results and Discussion
Figures 2 and 3 show representative time-course results for various
substrates in either mouse or rat liver microsomes from the automated

microsomal stability assays performed. These data provide evidence Gerstel, Inc.
that the automated microsomal stability assays and their subsequent 701 Digital Drive, Suite J, Linthicum, MD 21090
LC-MS/MS analyses can be readily automated using the Gerstel MPS tel. (800) 413-8160, mail sales@gerstelus.com

roboticPRO sampler. Website: www.gerstel.com
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ADVERTISEMENT

LC—MS/MS Analysis of Mycotoxins in

Peanut Powder in 5.5 Min

Restek Corporation

e  Fast analysis for higher sample throughput

e Excellent separation improves accuracy for 12 regulated
mycotoxins

e Quick and easy sample preparation (dilute-filter-shoot)

Certain fungi that can grow on agricultural products produce
toxic metabolites known as mycotoxins. Modern food processing
procedures cannot completely remove these compounds if they
are present, so strict monitoring protocols have been established.
Although a universal method for the analysis of mycotoxins
would allow highly efficient screening, it is very challenging to
develop such a method, due to differences in physiochemical
properties of mycotoxins, extraction efficiencies, and matrix
effects. Zhang and associates published a multi-lab study (1)
aimed at providing labs with an analytical procedure that could
be broadly applied to the analysis of a variety of mycotoxins
in many different matrices. Using that work as inspiration, we
developed the following LC-MS/MS method that resolves 12 FDA
regulated mycotoxins within the pressure limits of traditional
HPLC instruments.

In this example, mycotoxins were analyzed in a peanut powder
matrix. The use of a relatively short column format, the selectivity

of the Biphenyl stationary phase, and the efficiency of 2.7-um
Raptor superficially porous particles provided excellent separa-
tions in a fast 5.5-min analysis (total cycle time of 7 min). A
coeluting matrix compound that shared the most abundant MRM
transition for mycotoxin HT-2 (447.3-285.3) was observed, so a
less abundant transition (447.3-345.3) was selected for quanti-
tation. To increase sensitivity, an ammonium buffer was used to
promote better ionization of mycotoxins. The Raptor Biphenyl
column worked very well for the 12 mycotoxins studied in the
cited work, but for longer compound lists containing isobaric my-
cotoxins with similar structures, the Raptor FluoroPhenyl phase
may be necessary to provide adequate chromatographic resolu-
tion. The selectivity of the Raptor FluoroPhenyl column is dem-
onstrated in an analysis of 20 mycotoxins that can be found by
visiting www.restek.com and entering LC_FS0511 in the search.

This method showed excellent precision and accuracy for
the 12 FDA regulated mycotoxins that were evaluated during
a validation study that covered a variety of matrices (including
multiple sources of cornmeal and brown rice flour, in addition to
the peanut powder example shown here).

Restek would like to thank Dr. Zhang for his technical support
during this project.

t Conc. Precursor Product  Product

Peaks (min) (ng/g)  lon lonl  lon2
1 Deoxynivalenol 062 50 013 493 212
2 FumonisinBl 245 7225 3524 35
3. HT-2 260 W13 W53 2853
&, FumonisinB3  2.85 7065 3364 3184
5. FumonisinB2 323 065 3363 1412
6. 12 33 4893 452 3874
7. AflatoxinG2 374 312 w3 1893
8. Zearalenone 396 3193 2833 1812
9. Mlatoxin Gl 4.22 292 W32 2002
10. AflatoxinB2 443 3153 2813 2502
1L AflatoxinBl 499 3n3 852 2412
12. OchratoxinA 519 K062 2393 3583

Matrix interference was observed for HT-2 transition 447.3-285.3 in peanut
powder. Therefore, 447.3-345.3 was chose for quantification.

- )Lu

wunnnEnE 8888

I

LC_F50526

000 025 050 075 100 125 150 175 200 225

2 15 3.25

375 fo.DD ﬁ25 kSD LTS 500 525 550

Time {mm}

Column: Raptor Biphenyl (cat.¥ 9309A52); Dimensions: 50 mm x 2.1 mm ID; Particle Size: 2.7 pm; Pore Size: 90 A; Guard Column: Raptor Biphenyl EXP guard column cartridge 5 mm, 2.1 mm ID, 2.7 pim (cat.# 9309A0252); Temp.
40°C; Inj. VioL: 5 pL; Mobile Phase: A: Water, 2 mM ammonium formate, 0.1% formic acid; B: Methanol, 2 mM ammonium formate, 0.1% formic acid; Gradient (%B): 0.00 min (30%), 0.6 min (30%); 0.7 min (50%); 3.00 min
(70%); 4.5 min (T5%); 5.0 min (90%); 5.2 min (90%); 5.21 min (75%); 6.00 min (75%); 6.01 min (30%); 7.00 min (30%); Flow: 0.5 mL/min; Detector: MS/MS; lon Mode: ESI+; Mode: MRM; Instrument: UHPLC; Notes: Weighed
1.00 gram of peanut powder in a 50 mL centrifuge tube and added 2.00 mL of water. Vortexed at 3000 rpm for 5 min followed by the addition of 4.0 mL of extraction solvent (50:50 water-acetonitrile, v/v). The tube was then
vortexed at 3000 rpm for 5 min followed by centrifugation for 15 min at 4200 rpm. 475 pL of the supernatant was filtered through a Thomson SINGLE StEP Nano filter vial (0.2 pm, cat.# 25882). The sample was then fortified
with 25 pL of a standard solution prepared in water at 1000 ng/mL (100 ng/mL for aflatoxins and ochratoxin A) as part of the matrix-matched calibration curve, Vortexed at 3000 rpm for 1 min prior to analysis.
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Raptor Biphenyl LC Columns (USP L11) Reference
21mm 3.0 mm 4.6 mm (1) K. Zhang, M.R. Schaab, G. Southwood, E.R. Tor, L.S.
Length cat.# cat.# cat.# Aston, W. Song, B. Eitzer, S. Majumdar, T. Lapainis, H.
18w Colamns Mai, K. Tran, A. El-Demerdash, V. Vega, Y. Cai, J.W.
30 mm 9309232 — — )
50mm 9300252 930925E _ Wong, A.J. Krynitsky, T.H. Begley, J Agr Food Chem,
100 mm 9309212 930921E i 65(33), 7138-7152 (2017). https://www.ncbi.nlm.nih.
150 mm 9309262 - — gov/pubmed/27983809.
2.7 pm Columns
30 mm 9309A32 9309A3E 9309A35
50 mm 9309A52 9309A5E 9309A55
100 mm 9309A12 9309A1E 9309A15
150 mm 9309A62 9309A6E 9309A65
5 pm Columns
30 mm — 930953E —
50 mm 9309552 930955E 9309555
100 mm 9309512 930951E 9309515
150 mm 9309562 930956 9309565
250 mm — — 9309575

o t L%
RES I E K®
Restek Corporation
110 Benner Circle, Bellefonte, PA 16823

tel. (800) 356-1688
Website: www.restek.com
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Food Safety ¢ Flavor and Fragrance ¢ Quality Control
GC-MS and LC-MS

Automated Extraction and Determination of Antibiotics in chicken Egg by LC-MS/MS using a Recent
Robotic Autosampler. Addition

An efficient screening method for antibiotic residues in eggs intended for human consumption is presented. Liquid-liquid
extraction of the raw egg sample is followed by SPE removal of ion suppressing phospholipids, and LC/MS/MS determination.

Direct Thermal Extraction-GC/MS Analysis of Food Packaging Material for creme-filled cookies, Recent
cheese-filled crackers and soft and chewy candy. Addition

Thermal Extraction requires almost no sample preparation and is well suited for trace analysis of migrating compounds
in food packaging material. The packaging of three products was analyzed and benzaldehyde was quantified in one case.

Fully Automated Determination of 3-MCPD and Glycidol in Edible Oils by GC—MS Based on
the Commonly Used Methods ISO 18363-1, AOCS Cd 29c¢-13, and DGF C-VI 18 (10)

Automated determination of 3-MCPD and glycidol in edible oils by GC—MS. An evaporation step helps reach the
required LODs using a standard MSD, while removing excess derivatization reagent for improved uptime and stability.
Automated determination of Acrylamide in Brewed Coffee samples

by Solid Phase Extraction (SPE)-LC-MS/MS

A manual SPE method used for the determination of acrylamide in brewed coffee was automated.

Calibration standards prepared in freshly brewed green (unroasted) coffee produced good linearity and precision.
Qualitative Analysis of Coconut Water Products Using Stir Bar Sorptive Extraction (SBSE)

combined with Thermal Desorption-GC-MS

Flavor compounds, off-flavors, pesticides, antioxidants, and compounds migrating from packaging materials
were successfully determined in coconut water products by stir bar sorptive extraction (SBSE)-TD-GC-MS.

[w]ie% % [W] For more information about these and

= other GERSTEL applications, please
go to www.gerstel.com/en/apps-food-
=]t beverages.htm

What can we do for you?

I GERSTEL |

“——Premier Solution Partner

www.gerstel.com

ISO 9001
O\ % * ® /Q
o\ S
?)/po 900125 “@9
{CATE NO-
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