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IC-MS: lon Chromatography—Mass Spectrometry

Overview
IC-MS is a modern analytical technique performed with an ion chromatograph thermoscientific
and a mass spectrometer, IC and MS, which are connected (hyphenated)
in series. Each of the instruments is fully functional and can operate
independently. In that case, we can say that ion chromatography is a C-MS: lon
stand-alone (rather than hyphenated) analytical technique. Likewise, a

mass spectrometer used on its own operates in «direct injection» or «direct
infusion» mode, to reflect the absence of the so-called «front end», that is, the
chromatography system. When the two instruments are connected and used as
a hyphenated technique, there is a synergistic effect achieved. The IC-MS data
from the sample are much more insightful, actionable, reliable, and accurate in
comparison with each technique used independently.
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Excerpt from 2016 Joachim Weiss Handbook of lon Chromatography

Overview

The second important hyphenation is the coupling of an ion chromatograph to
a mass spectrometer; this combination provides the analyst with information

on analyte structure and molecular weight. While mass-selective detection

in gas chromatography became routine years ago, the coupling of a liquid
chromatograph to a mass spectrometer used to be problematic, because the
relatively large amounts of liquid mobile phase are not compatible with the high
vacuum in the ion source of a mass spectrometer. To solve these incompatibility
problems, various types of LC-MS interfaces have been developed. The
discussion below focuses on the electrospray interface.
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Configuring and optimizing an IC-MS system

Overview

The purpose of this document is to discuss from an ion chromatography point
of view, the configuration, operation, and method optimization of an IC-MS
system using a Thermo Scientific” Dionex™ Integrion™ RFIC™ system with a
Thermo Scientific” ISQ EC single quadrupole mass spectrometer.

Next page (
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|IC-MS Installation Guide

Overview

This manual provides information about IC-MS on Thermo Scientific ion
chromatography (IC) systems coupled to Thermo Scientific mass spectrometry
(MS) systems.

The layout of this manual is designed to provide quick reference to the sections
of interest to the user. To obtain a full understanding of your detector, read this
manual thoroughly.

This manual also contains safety messages, precautionary statements, and
special notices that when followed properly can prevent personal injury,
damage to the detector, or loss of data.
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Installation Guide for customers using
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Autophagy-Dependent Generation of Free Fatty Acids Is Critical

for Normal Neutrophil Differentiation

Overview

Neutrophils are critical and short-lived mediators of innate immunity that require
constant replenishment. Their differentiation in the bone marrow requires
extensive cytoplasmic and nuclear remodeling, but the processes governing
these energy-consuming changes are unknown. While previous studies show
that autophagy is required for differentiation of other blood cell lineages, its
function during granulopoiesis has remained elusive. Here, we have shown that
metabolism and autophagy are developmentally programmed and essential

for neutrophil differentiation in vivo. Atg7-deficient neutrophil precursors had
increased glycolytic activity but impaired mitochondrial respiration, decreased
ATP production, and accumulated lipid droplets. Inhibiting autophagymediated
lipid degradation or fatty acid oxidation alone was sufficient to cause defective
differentiation, while administration of fatty acids or pyruvate for mitochondrial
respiration rescued differentiation in autophagy-deficient neutrophil precursors.
Together, we show that autophagy-mediated lipolysis provides free fatty

acids to support a mitochondrial respiration pathway essential to neutrophil
differentiation.
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Autophagy-Dependent Generation of Free Fatty
Acids Is Critical for Normal Neutrophil Differentiation
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Glucose Metabolism and Oxygen Availability Govern
Reactivation of the Latent Human Retrovirus HTLV-1

Overview

The human retrovirus HTLV-1 causes a hematological malignancy or
neuroinflammatory disease in  10% of infected individuals. HTLV-1 primarily
infects CD4" T lymphocytes and persists as a provirus integrated in their
genome. HTLV-1 appears transcriptionally latent in freshly isolated cells;
however, the chronically active anti-HTLV-1 cytotoxic T cell response observed
in infected individuals indicates frequent proviral expression in vivo. The kinetics
and regulation of HTLV-1 proviral expression in vivo are poorly understood.

By using hypoxia, smallmolecule hypoxia mimics, and inhibitors of specific
metabolic pathways, we show that physiologically relevant levels of hypoxia,
as routinely encountered by circulating T cells in the lymphoid organs

and bone marrow, significantly enhance HTLV-1 reactivation from latency.
Furthermore, culturing naturally infected CD4" T cells in glucose-free medium
or chemical inhibition of glycolysis or the mitochondrial electron transport
chain strongly suppresses HTLV-1 plus-strand transcription. We conclude that
glucose metabolism and oxygen tension regulate HTLV-1 proviral latency and
reactivation in vivo.
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Identification of Circulating Genomic and Metabolic Biomarkers
in Intrahepatic Cholangiocarcinoma

Overview
Intrahepatic cholangiocarcinoma (ICC) is an aggressive cancer arising from the
bile ducts with a need for earlier diagnosis and a greater range of treatment n“”"”'” ey}
options. KRAS/NRAS mutations are common in ICC tumours and 6-32% of e . o . i

) ) ) Identification of Circulaling Genomic and Metabolic
patients also have isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2) gene Biomarkers in Intrahepatic Cholangiocarcdinoma
mutations associated with metabolic changes. This feasibility study investigated Helen Wi 4% Furt . Ko -2, o v 93 bl Gismpus 3
sequencing circulating tumour DNA (ctDNA) combined with metabolite profiling A A ey R

of plasma as a method for biomarker discovery in ICC patients. Plasma was
collected from four ICC patients receiving radio-embolisation and healthy
controls at multiple time points. ctDNA was sequenced using Ampliseq

cancer hotspot panel-v2 on lon Torrent PGM for single nucleotide variants
(SNV) detection and with lllumina whole genome sequencing for copy number
variants (CNV) and further targeted examination for SNVs. Untargeted analysis
of metabolites from patient and control plasma was performed using liquid
chromatography coupled with high-resolution tandem mass spectrometry
(LC-MS/MS). Metabolite identification was performed using multi-parameter
comparisons with analysis of authentic standards, and univariate statistical
analysis was performed to identify di erences in metabolite abundance
between patient and control samples. Recurrent somatic SNVs and CNVs were
identified in ctDNA from three out of four patients that included both NRAS and
IDH1 mutations linked to ICC. Plasma metabolite analysis revealed biomarker "

metabolites associated with ICC and in particular 2-hydroxyglutarate (2-HG) ittt portal b A it e ey s

levels were elevated in both samples from the only patient showing a variant DU e Sk D, OO B TR T R
allele in IDH1. A reduction in the number of CNVs was observed with treatment.
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The Short Chain Fatty Acid Butyrate Imprints an Antimicrobial

Program in Macrophages

Overview

Host microbial cross-talk is essential to maintain intestinal homeostasis.
However, maladaptation of this response through microbial dysbiosis or
defective host defense toward invasive intestinal bacteria can result in

chronic inflammation. We have shown that macrophages differentiated in the
presence of the bacterial metabolite butyrate display enhanced antimicrobial
activity. Butyrate-induced antimicrobial activity was associated with a shift in
macrophage metabolism, a reduction in mTOR kinase activity, increased LC3-
associated host defense and antimicrobial peptide production in the absence
of an increased inflammatory cytokine response. Butyrate drove this monocyte
to macrophage differentiation program through histone deacetylase 3 (HDACS3)
inhibition. Administration of butyrate induced antimicrobial activity in intestinal
macrophages in vivo and increased resistance to enteropathogens. Our

data suggest that (1) increased intestinal butyrate might represent a strategy
to bolster host defense without tissue damaging inflammation and (2) that
pharmacological HDACS inhibition might drive selective macrophage functions
toward antimicrobial host defense.
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Anion-exchange chromatography mass spectrometry provides
extensive coverage of primary metabolic pathways revealing

altered metabolism in IDH1 mutant cells

Overview

Altered central carbon metabolism is a hallmark of many diseases including
diabetes, obesity, heart disease and cancer. |dentifying metabolic changes
will open opportunities for better understanding aetiological processes and
identifying new diagnostic, prognostic, and therapeutic targets. Comprehensive
and robust analysis of primary metabolic pathways in cells, tissues and bio-
fluids, remains technically challenging. We report on the development and
validation of a highly reproducible and robust untargeted method using anion-
exchange tandem mass spectrometry (IC-MS) that enables analysis of 431
metabolites, providing detailed coverage of central carbon metabolism. We
apply the method in an untargeted, discovery-driven workflow to investigate
the metabolic effects of isocitrate dehydrogenase 1 (IDH1) mutations in
glioblastoma cells. IC-MS provides comprehensive coverage of central
metabolic pathways revealing significant elevation of 2-hydroxyglutarate and
depletion of 2-oxoglutarate. Further analysis of the data reveals depletion in
additional metabolites including previously unrecognised changes in lysine and
tryptophan metabolism.
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Roles of metal ions in the selective inhibition of oncogenic

variants of isocitrate dehydrogenase 1

Overview

Cancer linked isocitrate dehydrogenase (IDH) 1 variants, notably R132H IDHT,
manifest a ‘gain-of-function’ to reduce 2-oxoglutarate to 2-hydroxyglutarate.
High-throughput screens have enabled clinically useful R132H IDH1 inhibitors,
mostly allosteric binders at the dimer interface. We report investigations on
roles of divalent metal ions in IDH substrate and inhibitor binding that rationalise
this observation. Mg*+/Mn*+ ions enhance substrate binding to wt IDH1 and
R132H IDH1, but with the former manifesting lower Mg*+/Mn*+ KMs. The
isocitrate-Mg*+ complex is the preferred wt IDH1 substrate; with R132H IDH1,
separate and weaker binding of 2-oxoglutarate and Mg+ is preferred. Binding
of R132H IDH1 inhibitors at the dimer interface weakens binding of active site
Mg’+ complexes; their potency is affected by the Mg’+ concentration. Inhibitor
selectivity for R132H IDH1 over wt IDH1 substantially arises from different
stabilities of wt and R132H IDH1 substrate-Mg’+ complexes. The results reveal
the importance of substrate-metal ion complexes in wt and R132H IDH1
catalysis and the basis for selective R132H IDH1 inhibition. Further studies on
roles of metal ion complexes in TCA cycle and related metabolism, including
from an evolutionary perspective, are of interest.
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Ultra-trace determination of oxyhalides in ozonated aquacultural
marine waters by direct injection ion chromatography coupled
with triple-quadrupole mass spectrometry

Overview

A direct, robust, accurate, and highly sensitive method for oxyhalide species
in natural waters, including seawater, using suppressed ion chromatography
coupled with mass spectrometry (IC-MS) is described. The method utilized

a high capacity, high efficiency anion-exchange column (Thermo Scientific”
Dionex" lonPac” AS11-HC, 4 mm, 2 x 250 mm), with the separation achieved
using an electrolytically generated potassium hydroxide gradient, delivered at
0.380 mL min—1. Applying the method, detection limits for iodate, bromate,
and chlorate in seawater after direct sample injection (20 pL injection volume,
samples diluted 10-fold) were 11, 30, and 13 ng L1 (ppt), respectively.
Standard addition calibrations to ozonated seawater samples were linear,

in all cases r2 > 0.999 (n = 10), with intra-day repeatability of 3.7, 11.2, and

1.8 % (n = 10) for a low-level standard mixture (0.30 pg L-1 of iodate, 0.15 pg
L—1 of bromate, and 1.50 ug L—1 of chlorate). The method was applied to the
analysis of seawater samples taken pre- and post-disinfection points within a
recirculating aquacultural system. lodate, bromate, and chlorate were detected
as the main oxyanionic disinfection byproducts, demonstrating the practical
utility of the new method as a valuable tool for monitoring changes to seawater
composition following disinfection treatments.
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Determination of cations and amines in alkanolamine scrubbing solutions

Overview

Determinations of alkanolamines and inorganic cations by IC-ESI MS were
demonstrated on the Dionex lonPac CS19-4pum cation-exchange column using
the Dionex Integrion IC and ISQ EC single quadrupole mass spectrometer.

The method had good sensitivity for sodium and ammonium hydrate adducts
to single-digit pg/L, despite the small injection volume of 2.5 pL, while

also assaying up to 2000 mg/L of the matrix amine. The method showed

good accuracy for EA, DEA, and MDEA, as demonstrated by the recovery
experiments. IC-MS provided the necessary detection selectivity to ensure an
interference-free quantitation of low levels of inorganic cations in the presence
of high concentrations of alkanolamines. Through the use of the HESI-II
interface, no make-up solvent was needed to support the desolvation process,
thus reducing the complexity and costs of the analytical approach.
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Determination of perchlorate by U.S. EPA Method 332.0 using IC-MS

Overview
This application note evaluated the performance of a Thermo Scientific” Dionex” thermoscicntific
Integrion™ HPIC™ System coupled with an ISQ EC MS to fulfill the requirements
of EPA Method 332. The results showed this new IC-MS platform can
successfully implement EPA Method 332 for the determination of perchlorate in
drinking water. This study demonstrated great sensitivity, good precision and
accuracy, and ruggedness while all conditions were met, along with passing all
other QC requirements needed in EPA Method 332. -
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Determination of oxyhalides and bromide in drinking water using IC-MS

Overview

The IC-MS method described here augments US EPA Method 300.1 Part B
(IC-CD) for bromate analysis. Adding the single quadrupole mass spectrometer
to the Method 300.1 Part B setup provides advantages over the traditional
setup regarding sensitivity and selectivity. IC-MS also offers positive
identification of analytes, which is particularly advantageous for complex
matrices. This method can simultaneously determine other oxyhalides (chlorite,
chlorate) and bromide and thus can deliver Method 300.1 Part B data, confirm
peak identification, and provide more sensitive and accurate detection of
bromate. Coupling MS with CD takes advantage of the strengths of each

detector.
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Fast determination of oxyhalides and bromide in drinking water

using single quadrupole IC-MS

Overview

This study demonstrates that oxyhalides and bromide can be determined
accurately in municipal drinking water and bottled water using a fast isocratic
15-min IC-MS method. The method provides an advantage over the traditional
IC-CD method concerning sensitivity and selectivity, offering positive analyte-
identification, particularly for complex samples.
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Determination of low-level haloacetic acids, bromate, and dalapon

in drinking water using IC-MS

Overview

This study evaluated an IC-MS method for the determination of all nine
haloacetic acids, bromate, and dalapon in drinking water. The method used a
Dionex ICS-6000 HPIC system with DP pump and Dionex lonPac AS31 anion-
exchange column coupled with suppressed conductivity detection and a single
quadrupole mass spectrometer ISQ EC detector.
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Determination of perchlorate in environmental waters

Overview

This application update demonstrates an improved approach for the
determination of perchlorate in environmental waters using IC-MS. The ISQ EC
MS provides lower perchlorate detection limits in high-ionic-strength matrices
than conductivity detection alone. Separation of perchlorate from the matrix
ions combined with the use of a diverter valve has resulted in a method that
minimizes interferences for environmental water samples. The recovery study
demonstrated good method accuracy. The ionization interface of the 1ISQ EC
MS instrumentation eliminates the need to add organic solvent to enhance

ionization and thus detection.
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Detection of oxyhalides using IC-MS

Overview

Disinfection treatment is used to protect municipal water from potentially
dangerous microbes. The most common chemical disinfectants are chlorine,
chlorine dioxide, chloramine, and ozone. These chemical disinfectants can
react with natural organic and inorganic matter in the source water to produce
disinfection byproducts (DBPs), including oxyhalides (e.g., bromate, chlorate,
etc.) that are potentially harmful to humans.
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Fast determination of inorganic cations in a ground water sample

using IC-MS

Overview

Reliable analytical methods for food and beverage samples are required to
report ingredients for food labeling requirements, maintain product quality, and
ensure the absence of food contamination and spoilage. Food and beverage
samples are almost invariably one of the most complex sample matrices and,
therefore, are among the most challenging samples to analyze.
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Detection of common inorganic anions using IC-MS

Overview

This application brief describes a method for detecting seven common

anions using a Thermo Scientific” Dionex™ Integrion” HPIC™ system coupled

to a Thermo Scientific” ISQ" EC single quadrupole mass spectrometer. The
determination of common inorganic anions in drinking water is one of the most
important ion chromatography (IC) applications worldwide. In the U.S., the
Environmental Protection Agency (EPA) defines the Maximum Contaminant
Levels (MCLs) of toxic contaminants, such as fluoride, nitrite, and nitrate in the
National Primary Drinking Water Regulations (NPDWR). EPA Methods 300.0 and
300.1 are IC methods approved by the U.S. EPA for determination of common
anions in the U.S.
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Detection of common inorganic anions
using a compact ion chromatography
system coupled with a single quadrupole
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Detection of common organic acids using IC-MS

Overview

This application brief demonstrates a method for detecting common organic
acids using a Thermo Scientific” Dionex™ Integrion™ HPIC™ system with a
Thermo Scientific” Dionex™ lonPac™ AS11-HC-4um column set and coupled
to a Thermo Scientific” ISQ™ EC single quadrupole mass spectrometer. Mass
spectrometry (MS), as a detection technique for ion chromatography (IC),
has recently gained popularity due to the increasing demand for sensitivity,
selectivity, confirmation of identity, and structural interpretation. The ISQ EC
single quadrupole mass spectrometer increases analytical confidence by
providing sensitive detection and mass confirmation in a product that requires
less operator training than a typical mass spectrometer.
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Fast determination of nine haloacetic acids, bromate, and
dalapon at trace levels in drinking water by |IC-MS/MS

Overview

A fast, sensitive, and simple method was developed for direct determination of
nine HAAs, bromate, and dalapon in drinking water samples using IC-MS/MS
without sample pretreatment. The unique selectivity of the Dionex lonPac AS31
column provides excellent separation of 9 HAAs, bromate, and dalapon from

common interference anions such as chloride, sulfate, and carbonate in 35 min.

The high sensitivity provided by the MS detection method made it possible

to perform the direct injection of drinking water samples, thus eliminating the
complexity and variabilities of sample preparation. The use of a hydroxide
eluent generator and suppression in the Reagent-Free IC system provides a
reliable, economic, and environmentally friendly platform for the separation and
detection of HAAs, bromate, and dalapon.
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Selective and sensitive determination of bromate in bread by ion

chromatography-mass spectrometry

Overview

Potassium bromate is a food additive used as “flour improver” in the baking
industry. Bromate is considered a carcinogenic and nephrotoxic substance.
Thus, the bromate concentration must be carefully monitored in flour products.
We developed a method for a selective and sensitive determination of bromate
in flour that uses ion chromatography coupled with single quadrupole mass
spectrometry (IC-MS). A recently introduced high-capacity anion-exchange
column was used to separate bromate from matrix anions. Six commercial flour
and flour products, including homemade bread baked using flour containing
potassium bromate, were analyzed. The method showed good precision with
RSDs < 0.2%, and < 5% (n = 8), for retention time and peak area respectively.
Bromate recoveries from flour samples ranged from 86 to 110%. The limits of
detection and quantitation of bromate in the prepared solution were 0.10 pg/L
and 0.34 pg/L, respectively, which corresponded to 5 ug/kg and 17 pg/kg in
bread.
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Determination of lactose in lactose-free dairy products using
HPAE coupled with PAD and MS dual detection

Overview

Five commercial lactose-free dairy products (milk, half and half milk, cultured
milk smoothie, yogurt, and sour cream) were analyzed for their lactose content.
With dual detection, lactose was detected down to 0.004% with good precision
and accuracy with a recovery range of 85-110%. The combination of PAD and
MS detections after HPAE separation allows both the quantification of lactose in
low-lactose/lactose-free dairy products and peak confirmation.
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Determination of organic acids in herbal beverages using IC-MS

Overview

This work uses a Dionex lonPac AS11-HC-4um column on an Integrion IC
system that electrolytically generated the eluent for separation coupled to an
ISQ EC single quadrupole mass spectrometer. Co-eluting organic acids (OAS)
including acetate/glycolate, malate/succinate, and malonate/tartrate were
accurately quantified with MS detection. The results showed that this IC-MS
method allows the accurate direct determination of OAs in aloe, hawthorn/plum,
and goji drinks, especially showing selectivity in detection for co-eluting OAs |
and confirmation of identity. The ISQ EC MS provides lower detection limits for Determination of organic acids in herbal beverages
most OAs except for formate and citrate than conductivity detection alone. A using a compact ion chromatography system
“C-enriched succinate (°C,, M+4) internal standard (m/z 121) is recommended coupled with mass spectrometry

to be used for succinate quantitation to improve accuracy and ruggedness
when ion suppression occurs.
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Determination of bromate in flour and bread by IC-MS

Overview

Using the high capacity anion exchange Dionex lonPac AS31 column and

a large volume injection, low concentrations of bromate were determined

in our and bread samples. The addition of an MS detector to the IC system
provided high detection specificity and quantification of those samples with an
unresolved bromate peak. Six commercial flour and flour products, including
homemade bread baked using flour containing potassium bromate, were
analyzed. The method showed good precision with RSDs <0.2%, and <5%
(n=8), for retention time and peak area, respectively. Bromate recoveries

from flour samples ranged from 86% to 110%. The limits of detection and
quantitation of bromate in the prepared solution were 0.10 pg/L and 0.34 ug/L,
respectively, which corresponded to 5 pug/kg and 17 pg/kg in bread.
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Fast determination of inorganic cations and low mass amines in
freshly prepared and moldy green tea using IC-MS

Overview

Reliable analytical methods for food and beverage samples are required to
report ingredients for food labeling requirements, maintain product quality, and
ensure the absence of food contamination and spoilage. Food and beverage
samples are almost invariably one of the most complex sample matrices and,
therefore, are among the most challenging samples to analyze.
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Fast determination of inorganic cations and low mass amines in
a spoiled cranberry juice sample using IC-MS

Overview

Reliable analytical methods for food and beverage samples are required to
report ingredients for food labeling requirements, maintain product quality, and
ensure the absence of food contamination and spoilage. Food and beverage
samples are almost invariably one of the most complex sample matrices and,
therefore, are among the most challenging samples to analyze.
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Fast determination of inorganic cations and low mass amines in

a spoiled grape juice sample using IC-MS

Overview

Reliable analytical methods for food and beverage samples are required to
report ingredients for food labeling requirements, maintain product quality, and
ensure the absence of food contamination and spoilage. Food and beverage
samples are almost invariably one of the most complex sample matrices and,
therefore, are among the most challenging samples to analyze.
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Fast and sensitive analysis of N-containing bisphosphonates

without derivatization using IC-MS

Overview

Bisphosphonates are a class of chemical compounds used in various
medical approaches. These active pharmaceutical ingredients (API) are
mainly used against bone disorders, including osteoporosis. The older and
most used bisphosphonates are etidronate, clodronate, and tiludronate. Now
bisphosphonates are used in oncology for treatment of cancer hypercalcemia
and metastatic bone diseases. Many new APIs have been developed with the
addition of a basic nitrogen in the bisphosphonate side chain. This modification
has critically modified the product’s potency. For example, pamidronate
(N-containing bisphosphonate) is one hundred times more potent than
etidronate (non-N-containing bisphosphonate). Regarding the better potency,
this new API represents a great potential for doping.
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Determination of perchlorate in honey

Overview

This report demonstrates the use of ISQ-EC makes possible the determination
of a trace amount of perchlorate in matrix with high amount of sugars by
scanning for perchlorate at specific mass. To show method accuracy, recovery
was checked by adding a known amount of perchlorate.
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IC-MS: A Solution for the Analysis of Polar Pesticides

Overview

Polar pesticides such as glyphosate are widely used in agriculture, but the
analysis of their residues is challenging. LCGC’s new ebook on IC-MS: A
Solution for the Analysis of Polar Pesticides (sponsored by Thermo Fisher
Scientific) explains why ion chromatography-mass spectrometry (IC-MS)
systems provide advantages for laboratories tasked with detecting and
characterizing polar pesticides in diverse samples.
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Determination of polar pesticides in grapes using IC-MS/MS

Overview

We introduced a new workflow based on the modified QuPPe method and
IC-MS/MS that supports simultaneous multiresidue analysis for polar pesticides
in grape samples. The IC-MS/MS method was developed using a Dionex
lonPac AS19-4pm column set and a compact IC system coupled to a TSQ
Quantis triple quadrupole mass spectrometer. The modified QuPPe method
used pure methanol instead of acidified methanol to extract the analytes and

a Dionex OnGuard Il RP cartridge as the clean-up step. To increase sensitivity,
electrospray ionization was improved by post-column introduction of acetonitrile
into the eluents. Matrix-matched calibration was used to compensate for

matrix effects. The results showed that the sensitivity, linearity, retention time
precision, and recovery align with the SANTE/11813/2017 method performance
criteria. The method provides lower LOQs than EU MRLs. Overall, this workflow
supported simultaneous multiresidue analysis of polar pesticides in the grape
samples using the modified QuPPe method.
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Determination of anionic polar pesticides and oxyhalides in beer
and strawberry samples using IC-HRAM-MS

Overview

This application note demonstrates fast direct determinations of 18 analytes
that include 14 residual polar pesticides, three DBPs, and perchlorate using
IC- HRAM-MS. The method uses a Dionex Integrion HPIC system and Thermo
Scientific” Q Exactive” Focus Hybrid Quadrupole-Orbitrap Mass Spectrometer.
These determinations are essential to the food industry and food regulatory
industry to ensure food safety or investigate possible food safety issues.

The method was applied to homogenized strawberry samples and seven
diluted beer samples. Bromide at sub-ppb concentrations was found in the
strawberries, which could be due to methylbromide, a common strawberry
fungicide. Glyphosate at sub-ppb concentrations was determined in three of
the beer samples: a rice-barley beer, a non-alcoholic barley beer, and a gluten-
free sorghum beer. It is interesting to note that glyphosate was not found in
any of the wheat beers despite the common application of glyphosate as a
desiccant to wheat crops.
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Determination of cationic polar pesticides in homogenized fruit
and vegetable samples using |IC-HRAM-MS

Overview

Food safety and perceived health risks from residual agricultural chemicals
are an ongoing public concern and a subject of increasing regulatory scrutiny.
One such group is known as polar pesticides. These include ionic emergent
and desiccant herbicides, fungicides, growth-regulating chemicals, and the
resultant metabolites of those compounds. Although pesticide and pesticide
residues are commonly determined by GC-MS or HPLC-MS methods, polar
pesticides are best determined by ion chromatography-mass spectrometry
(IC-MS) methods because of their ionic and non-volatile nature. Food
Environmental Research Association (FERA LTD) and others have successfully
demonstrated determinations of anionic pesticide residues (glyphosate,
glufosinate, fosetyl, and metabolites) in beer, fruit, and vegetables using
IC-MS/MS and IC-high-resolution accurate mass (HRAM) MS. Determinations
of cationic polar pesticides were also previously demonstrated using IC-MS/MS,
however paraquat and diquat were problematic without HRAM-MS. These
applications demonstrate the advantages of using IC coupled with MS over
other separation methods to separate ionic compounds.

Determination of calionic pols
fruit and vegetable sample
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Determination of histamine, agmatine, and putrescine in wine by
lon chromatography-single quadrupole mass spectroscopy

Overview

Biogenic amines have important biological functions, such as regulating
growth, controlling blood pressure, and facilitating neural transmittance.
Although biogenic amines can occur naturally in many foods (fish, meat,
dairy, fruits, vegetables, chocolate, and wine), they are usually present due to
microbial activity. Vintners use malolactic fermentation to create the desired
flavors. However, certain strains of the lactic acid bacteria necessary for this
fermentation can also produce biogenic amines by decarboxylating amino
acids. Putrescine, cadaverine, histamine, and agmatine have been found

in red wines, and to a lesser extent, in white wines. In healthy persons,
dietary histamine is rapidly detoxified by diamine oxidase and other amine
oxidases. However, people with histamine intolerance or with low amine
oxidase activity can experience minor to serious health effects, ranging from
headaches, flushing, rhinitis, and urticaria, to changes in blood pressure
(hyper- or hypotension), heart rate (increased heart rate or arrhythmia), and
breathing (asthma symptoms). Multiple factors have been surmised to impact
concentration and type of biogenic amines occurring in wine, such as storage
time and conditions, grape varietals, and contamination by wild type and
certain strains of lactic acid bacteria; therefore, it is important to have suitable
analytical methods for determining biogenic amines.
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Determination of glyphosate and AMPA in oat flour by IC-MS

Overview

Glyphosate is the active ingredient in the popular herbicide Roundup® and

is widely used for weed control in cultivated and uncultivated areas. There

are concerns about its potential adverse effects on human health, such as

its potential carcinogenicity. The bacteria in soil break down glyphosate into
aminomethylphosphonic acid (AMPA), which may also be toxic to humans. Due
to its widespread use, trace amounts of glyphosate residues may be found

in various fruits, vegetables, and cereals. The United States Environmental
Protection Agency (EPA) set the maximum amount of glyphosate at 30 mg/
kg for oats. Glyphosate was reported to be present in cat-based cereals

up to 2,837 pg/kg by the Environmental Working Group (EWG), a nonprofit
organization4 Although the amounts of glyphosate found in oat products were
well below the EPA tolerance, the EWG is petitioning the EPA to lower the
acceptable amount of glyphosate in oats.
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Evaluation of Cationic Quaternary Amines by lon Chromatography and

Mass Spectroscopy (IC-MS)

Overview

Cationic quaternary amine polar pesticides are particularly challenging due to
their similar chemistries, masses, and mass fragments. A series of quaternary
amine polar pesticides were analyzed with the Thermo Scientific” Dionex™
lonPac™ CS21-Fast-4pum column set with a Thermo Scientific” ISQ EC™ single
quadrupole mass spectrometer with HESI-II probe. Previously only four
quaternary amine polar pesticides were demonstrated, while this application
note shows twelve of them are possible with this IC-MS setup.

Evaluation of cationic quatemary amines by ion chromatography
and mass spectroscopy (IC-MS)
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Determination of Cationic Polar Pesticides in Oat Cereals by lon
Chromatography and Electrospray lonization Mass Spectrometry

Overview

Oat cereal is a very difficult matrix but with the Thermo Scientific” Dionex”
lonPac™ CS21-Fast-4um column set with a Thermo Scientific” ISQ EC™
single quadrupole mass spectrometer with HESI-II probe, we can screen
Chlormequat, mepiquat, paraquat, and diquat. This provides an accurate
method with enough screening sensitivity. For great sensitivity, the use of IC-
MS/MS is needed.

Determination of cationic polar pesticides in cat cereals
by ion chromatography and electrospray ionization mass

spectroscopy
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Determination of Chlorate and Perchlorate in Powdered Infant Formula
using lon Chromatography-Mass Spectrometry

Overview

Recent reports by the European Food Safety Authority (EFSA) found that
current levels of chlorate in drinking water and foods were too high and could
negatively impact iodine uptake, especially among infants and children.
Chlorate originates from chlorine disinfectants widely and legally used in water
treatment and food processing, with drinking water being overwhelmingly the
main contributor.

The sample preparation was optimized for effective extraction and cleanup and
can be applied to various powdered dairy samples. The method uses a Thermo
Scientific” Dionex” lonPac™ AS20 column on a Thermo Scientific” Dionex”
Integrion IC system, which electrolytically generated the eluent for separation,
coupled to a Thermo Scientific” ISQ EC™ single quadrupole mass spectrometer.
The method showed good sensitivity for the detection, identification, and
quantification of chlorate and perchlorate.
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Determination of Chlorate and Perchlorate in Milk using lon

Chromatography-Mass Spectrometry

Overview

Chlorate and other oxychlorine species have been associated with inhibition

of iodine uptake in humans and the formation of methemoglobin. Infants

and young children are at high risk due to their greater dependency on milk
products and higher consumption/body weight ratio. Chlorate and perchlorate
have traditionally been analyzed by ion chromatography (IC). More recently,

IC coupled to a mass spectrometer (IC-MS) has become a highly preferred
method for determining chlorate and perchlorate in complex sample matrices.
MS detection provides greater data confidence while minimizing labor-intensive
sample preparation.
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Towards a generic method for IC-MS of low-molecular-weight
amines in pharmaceutical drug discovery and development

Overview

This study demonstrates the value of IC/MS for analysing low molecular-weight
amines. Good chromatographic separation of mixtures was possible without
derivatisation. lonisation efficiency was greatest using a make-up flow of 0.05%
acetic acid in ethanol, and optimisation of ESI source conditions promoted
protonated molecule generation for easy determination of molecular weight.
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Impurity analysis of 2-butynoic acid by IC-MS

Overview

Small organic acids are widely used within the pharmaceutical industry but
can be difficult to analyse. lon chromatography is a suitable technique for the
analysis of these acids but method development can be hindered as mass
spectrometry is not often used as a detector; this means that peak tracking and
peak purity cannot be performed. The authors report method development for
the analysis of 2-butynoic acid, where by using electrospray ionisation mass
spectrometry, peak purity was investigated and the presence of co-eluting
impurities determined. Optimisation of the additives in the make-up flow to the
mass spectrometer was shown to have an impact on the response observed.
A standard series of organic acids were analysed spiked into 2-butynoic acid
at levels representative of impurities. The presence of the 2-butynoic acid did
not impact the linearity or limit of detection observed for the acids; r2 values
greater than 0.98 were obtained for all acids with and without the presence of
2-butynoic acid with a limit of detection at 1 ppb for all but one of the acids.
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IC-MS for the determination of organic acids in pharmaceutical solutions

Overview

This study illustrates the use of a simplified IC-MS method to facilitate the
trace amount determination of highly polar, low molecular weight aliphatic
and unsaturated organic acids in pharmaceutical solutions. By improving
the identification and quantification of these organic acids, pharmaceutical
companies can overcome significant challenges in impurity monitoring.

In this workflow, the Dionex lonPac AS11-HC-4pum column supports a highly
selective separation of the analytes in question. The high capacity of the
column ensures the matrix tolerance needed to determine low concentrations

of organic acids, i.e. below 0.1% relative to the chosen 2-butynoic acid matrix.

The elevated column temperature (40 °C) improves chromatographic peak
efficiencies and prevents using an organic solvent in the mobile phase. The
use of continuously regenerated membrane-based suppressors allows the
hyphenation of IC with MS, further adding to the analytical selectivity and
sensitivity.
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Instrument configuration for native N-linked oligosaccharide

characterization by HPAE-PAD/MS

Overview

Separation by HPAE is based on charge, linkage and positional isomerism, and
fucosylation, resulting in excellent separation of many different glycan isomers.
Using this new workflow, 53 unique N-glycans were identified from hu-AGP,
and N-glycans from three different relevant mAbs were annotated, showing
many common and several individual features. Adduct formation with acetate
enhances MS fragmentation, producing diagnostic ions that support structural
elucidation of neutral N-glycans. The conditions employed for desalter
regeneration deliver reproducible removal of sodium ions. The desalter does not
materially degrade glycan resolution between the column and the downstream
MS probe. HPAE-PAD/MS is an excellent tool to profile and annotate complex
mixtures of native N-glycans released from different glycoproteins and provides
a different selectivity than other glycan separation techniques that have been
coupled to MS.
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Improved profiling of sialylated N-linked glycans by ion
chromatography-Orbitrap mass spectrometry

Overview

Excellent separation of many different glycans based on their charge,
isomerism, fucosylation, and sialylation was achieved using HPAE. This work
presents an improved approach for further increasing coverage in glycan
analysis using HPAE-PAD coupled to HRAM mass spectrometry. The effect
of increased hydroxide concentration and temperature on glycan resolution
was studied. The change in hydroxide concentration and column temperature
can be exploited for increasing glycan coverage. We find that higher hydroxide
concentration leads to improved overall resolution resulting from improved
separation of glycan isomers. Lower hydroxide concentration helps resolve
certain structural features such as fucosylation.
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O-glycan profiling using HPAE-PAD hyphenated with a
high-resolution accurate mass (HRAM) mass spectrometer

Overview

Glycosylation is an important post-translational modification (PTM) that

occurs on nitrogen and oxygen atoms of amino acid residues of proteins.
Glycosylation plays an essential role in physiological and pathological cellular
functions. Atypical and abnormal glycosylation is linked with different diseases,
e.g., cancer, rheumatoid arthritis, diabetes, and cardiac diseases. Thus, it

is important to characterize protein glycosylation in biological and clinical
specimens. It has been estimated recently that more than 50% of all proteins
are glycosylated.

O-glycan profiling using HPAE-PAD hyphenated
with a high-resolution accurate mass (HRAM)
mass spectrometer
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Primary metabolite analysis of plant material using a triple
quadrupole MS coupled to a monolith anion-exchange column

Overview

The combination of the 1 mm Thermo Scientific” Dionex™ lonSwift” MAX-100
Anion-Exchange column and the API 4000 ESI-MS/MS system provides a
simple, rapid, specific, and sensitive method for the simultaneous detection
and quantification of several primary metabolites involved in the TCA cycle and
glycolysis pathway. Compared to the previously used Dionex lonPac AS11-HC

column, the MAX-100 has shorter run times and helps achieve better sensitivity.
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Increase the power of
IC with MS detection

Utilize mass detection when you need
to ensure analytical confidence and
dramatically improve the detection
capability of your Thermo Scientific
Dionex Integrion or ICS-6000 HPIC
system. lon chromatography with

mass spectrometry (IC-MS) maximizes
the ability to detect and quantify
unexpected co-elutions of components
and to confirm trace components.
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