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Delivering the Highest Quality and Safety
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Introduction 
Increasingly global food supply chains have raised concerns about 
food safety. Products are grown and processed in widely differing 
environments under a variety of regulatory frameworks, travel thousands 
of miles, are kept in various storage conditions, experience temperature 
fluctuations that may affect shelf life, and are handled by many different 
people. At any point in this process, products can be contaminated or 
may become unfit for consumption. Contaminants may originate from 
agricultural sources, such as pesticides, animal growth hormones, or 
antibiotics; environmental sources, such as water and air pollutants; or 
from food production processes, via contamination or adulteration.



Analytical Technologies

Table of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Thermo Scientific™ Vanquish™ UHPLC System and 
Thermo Scientific™ Dionex™ UltiMate™ 3000 UHPLC+ 
systems offer excellent chromatographic performance, 
operational simplicity and unrivaled flexibility. Choose 
from a wide range of standard and unique specialty 
detectors to extend your laboratory’s analytical 
capabilities. 

High-Performance  
Liquid Chromatography
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Learn more at www.thermoscientific.com/vanquish 

The Vanquish UHPLC System

The next generation in UHPLC innovations
The Vanquish system takes high-end UHPLC to a new level, offering more 
resolution while meeting the throughput demands of modern laboratories. 
The system is delivers better separations, more results and easier 
interaction, simultaneously, without compromise.

Delivering the new standard in UHPLC
•	 More powerful separations with 1500 bar of pump pressure at flow 

rates up to 5 mL/min

•	 Industry-leading flow and gradient precision

•	 Excellent injections up to 100 μL in 0.01 μL increments

•	 Automated workflows with barcode reading for simplified setup and 
tracking

•	 Maximum sample capacity with up to 23 well plates, or 8832 
samples

•	 More confident separations with a wide temperature range of 5 ºC to 
120 ºC for two thermostatting modes and active column pre-heating 
for improved precision

•	 UV detection with linear response up to 3000 mAu and noise levels 
as low as 3 µAu

•	 Thermo Scientific™ LightPipe™ technology assures lowest peak 
dispersion with UV detection

•	 Available Vanquish Charged Aerosol detector for quantification of non-
chromophoric compounds

Vanquish Diode Array Detector with LighPipe technology

http://www.thermoscientific.com/vanquish
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UHPLC Portfolio

UltiMate 3000 RSLCnano and 
EASY-nLC 1000 Systems Vanquish System

Accucore Columns

Acclaim Trinity
Columns

UHPLC/MS 
Solutions

CDS Software

UltiMate 3000 RS 
and BioRS Rapid 

Separation Systems

UltiMate 3000 XRS 
System

UltiMate 3000 Standard 
System

LC Columns

Viper Fingertight 
Fitting System

Chromeleon 7.2

UltiMate 3000 Basic 
System

Corona Charged 
Aerosol Detector
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UltiMate 3000 UHPLC+ Systems

Best-in-class HPLC systems for all your chromatography needs
UltiMate 3000 UHPLC+ Systems provide excellent chromatographic performance while maintaining easy, reliable operation. The basic and standard 
analytical systems offer ultra HPLC (UHPLC) compatibility across all modules, ensuring maximum performance for all users and all laboratories.

Covering flow rates from 20 nL/min to 10 mL/min with an industry-leading range of pumping, sampling, and detection modules, UltiMate 3000 
UHPLC+ Systems provide solutions from nano to semipreparative, from conventional LC to UHPLC.

Superior chromatographic performance
•	 UHPLC design philosophy throughout nano, standard analytical, and rapid separation liquid chromotography (RSLC)

•	 620 bar (9,000 psi) and 100 Hz data rate set a new benchmark for basic and standard analytical systems

•	 RSLC systems go up to 1000 bar and data rates up to 200 Hz

•	 ×2 Dual System for increased productivity solutions in routine analysis

•	 Fully UHPLC compatible advanced chromatographic techniques

•	 Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures

Learn more at www.thermoscientific.com/liquidchromatography 

http://www.thermoscientific.com/liquidchromatography
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UltiMate 3000 UHPLC+ Systems

We are uniquely focused on making UHPLC technology available to all users, all laboratories, and for all analytes.

Rapid Separation LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast 
high-resolution and conventional LC applications.

RSLCnano Systems
The Rapid Separation nano LC System (RSLCnano) provides the power for high resolution and 
fast chromatography in nano, capillary, and micro LC.

Standard LC Systems
Choose from a wide variety of standard LC systems for demanding LC applications at nano, 
capillary, micro, analytical, and semipreparative flow rates.

Basic LC Systems
UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance 
solutions to fit your bench space and your budget.
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Advanced Detection Capabilities

Charged Aerosol Detection
Charged Aerosol Detection provides near universal detection independent 
of chemical structure for non- or semi-volatile analytes with HPLC and 
UHPLC. Thermo Scientific™ Dionex™ Corona™ Veo™ and Vanquish 
Charged Aerosol detectors are ideally suited as a primary detector for any 
laboratory, while providing complementary data to UV or MS methods.  
No other LC detector available today can match the performance of a 
Corona Veo detector.

•	 High sensitivity – single-digit nanogram on column

•	 Consistent response – independent of chemical structure

•	 Wide dynamic range – to four orders of magnitude or greater

•	 Simple to use – easy to integrate with any HPLC/UHPLC system

Charged aerosol detectors give the simplicity, reproducibility and 
performance required for a full range of applications from basic research 
to manufacturing QC/QA. With charged aerosol detection you get 
predictable responses to measure analytes in direct proportion to their 
relative amounts for quantitation without actual standards.

This detector offers the flexibility to use reversed-phase gradients, as well 
as  normal phase and HILIC modes of separation on any LC system. 
And, in many cases eliminates the need for derivatization or sample pre-
treatment  to provide real dilute-and-shoot simplicity.  

Corona Veo Charged Aerosol Detector

Learn more at www.thermoscientific.com/CAD

Vanquish system with Charged Aerosol Detector

http://www.thermoscientific.com/CAD
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CoulArray Multi-electrode Array Detector
The Thermo Scientific™ Dionex™ CoulArray™ Multi-electrode Array 
detector is the only practical multi-channel electrochemical detection 
system that allows you to measure multiple analytes simultaneously, 
including those that are chromatographically unresolved. The 
CoulArray detector delivers the widest dynamic range of any available 
electrochemical detector with unmatched selectivity for detection of 
trace components in complex matrixes, even when used with aggressive 
gradients. 

•	 Measures analytes from femtomole to micromole levels

•	 Greatly simplify sample preparation and eliminate interferences

•	 Simultaneously analyze multiple analytes in very complex samples

•	 Easily produce qualitative information for compound identification

Multiple system configurations offer 4, 8, 12, or 16 channels that can be 
upgraded anytime. The unique data acquisition and processing software 
uses automatic signal ranging and a unique patented baseline correction 
algorithms to provide identification and quantitation of single or multiple 
analytes and powerful 3D data for quick sample fingerprint confirmation 
with integration to pattern recognition platforms. 

With the power of coulometric array technology, the CoulArray detector  
can give you the qualitative data of a optical PDA with 1,000 fold greater 
sensitivity to profile the characteristic qualities of products, determine 
integrity, identify adulteration and even evaluate competitors’ products.

Advanced Detection Capabilities

CoulArray Multi-electrode Array Detector

Learn more at www.thermoscientific.com/coularray

http:// www.thermoscientific.com/coularray
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RefractoMax 521 Refractive Index Detector
The Thermo Scientific RefractoMax 521 Refractive Index Detector from 
ERC Inc. This detector, in combination with the UltiMate 3000 system, is 
the right choice for the isocratic analysis of sugars, polymers, and fatty 
acids. It features fast baseline stabilization and excellent reproducibility, 
combined with high sensitivity. The RefractoMax 521 is fully controlled by 
Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System 
Software (CDS), and can also operate in stand-alone mode.

•	 The detector is highly sensitive and applicable universally. It 
provides very stable baselines with a drift of 0.2 µRIU/h and a noise 
specification of 2.5 nRIU or less

•	 The optical bench, thermostatically regulated from 30 °C to  
55 °C, and the superior signal-to-noise ratio ensure highly precise 
measurement results

RefractoMax 521 Refractive Index Detector

Advanced Detection Capabilities

•	 The extended flow rate range from 1 mL/min up to 10 mL/min 
and the operating range of 1.00 to 1.75 RIU enable the use of this 
detector for a wide range of applications

•	 Applications include the analysis of all compounds with low UV-Vis 
activity, such as alcohols, mono- and polysaccharides, esters, fatty 
acids, or polymers

•	 An Auto Set-up function automates purging, equilibration, autozero, 
and the control baseline stability and noise

•	 Operation with Chromeleon CDS makes the detector easy to use and 
ensures maximum productivity in instrument control, data processing, 
and reporting of results

Learn more at www.thermoscientific.com/RI

http://www.thermoscientific.com/RI


Analytical TechnologiesTable of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Advanced Detection Capabilities

UltiMate 3000 Diode Array and  
Multiple-Wavelength Detectors 
The Thermo Scientific Dionex UltiMate DAD 3000 detector is a high-
resolution, 1024-element diode array detector (DAD) available in Rapid 
Separation (200 Hz) and Standard (100 Hz) versions. It operates with 
Chromeleon CDS software to provide a variety of spectra views, including 
3-D plotting and automated chromatogram handling. The high resolution 
and low-noise performance of the DAD-3000 family makes it ideal for 
the most sensitive and accurate library searches and peak purity analyses. 

The detector is also available as a multiple wavelength detector (MWD) in 
Standard (100 Hz) and Rapid Separation (200 Hz) versions. 

•	 Data collection at up to 200 Hz using a maximum of eight single-
wavelength data channels and one 3-D field (3-D only with  
DAD-3000 (RS)) for best support of ultrafast separations 

• 	 Standard versions operate at up to 100 Hz data collection rate for 
optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard 
systems 

• 	 Accurate compound confirmation with a 1024-element, high 
resolution photodiode array 

• 	 Flexibility in both UV and Vis applications with 190–800 nm 
wavelength range 

• 	 Low-noise over the full spectral range using deuterium and tungsten 
lamps 

• 	 Fast and accurate wavelength verification using a built-in holmium 
oxide filter 

• 	 The detector can be upgraded with the UltiMate PCM 3000 for 
accurate monitoring pH gradients 

• 	 Excellent reliability and reproducibility with low baseline drift (typically  
< 500 μAU/h) 

• 	 Simplified routine maintenance with front access to pre-aligned cells 
and lamps 

• 	 ID chips on flow cells and lamps for identification and life-span 
monitoring 

• 	 Chromeleon CDS software for full control and flexible data handling 

• 	 Front-panel display for easy monitoring of detector status to maximize 
uptime 

• 	 Flow cells for semi-micro, semi-analytical, analytical, and semi-
preparative applications 

• 	 Flow cells available in stainless steel and biocompatible versions

UltiMate 3000 DAD-3000 Diode Array Detector

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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UltiMate 3000 Electrochemical Detector
Electrochemical detection delivers high sensitivity for neurotransmitter 
analysis, simplicity and robustness for pharmaceutical or clinical 
diagnostics, and the selectivity for the characterization of complex 
samples such as natural products, biological tissues and fluids. For 
today’s researcher, there is a continuing need for detecting vanishingly 
small quantities of analyte and often in complex samples. Because 
electrochemical detection measures only compounds that can undergo 
oxidation or reduction it is both highly sensitive and very selective. 

The Thermo Scientific Dionex UltiMate 3000 Electrochemical Detector, 
designed by the pioneers of coulometric electrochemical detection, 
delivers state-of-the-art sensor technologies complete with an entire range 
of high performance and ultra-high performance LC systems optimized  
for electrochemical detection. The UltiMate 3000 ECD-3000RS takes 
electrochemical detection to the next level with UHPLC compatibility, total 
system integration, and selection of detection mode, all with unprecedented 
operational simplicity. 

Advanced Detection Capabilities

Features include: 

•	 Detection Modes – choose from DC and PAD for optimum analyte 
response

•	 Choice of sensors – both coulometric and amperometric sensors to 
meet the demands of any application

•	 UHPLC compatibility – ultralow peak dispersion and high 
data acquisition rates for conventional or fast, high resolution 
chromatography

•	 Modularity – easily expandable to multiple independent sensors for 
unrivaled flexibility

•	 Autoranging – simultaneously measure both low and high levels of 
analytes without losing data

•	 SmartChip™ technology – easy operation with automatic sensor 
recognition, event logging and electrode protection

UltiMate 3000 Electrochemical Detector

Learn more at www.thermoscientific.com/ECDetection

http://www.thermoscientific.com/ECDetection
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UltiMate 3000 Fluorescence Detector
The Thermo Scientific Dionex UltiMate 3000 FLD-3000 is a high-sensitivity 
fluorescence detector series for UltiMate 3000 HPLC systems. It is available in 
Rapid Separation (RS)  and Standard (SD) versions. The optics of the FLD-
3000  series provide maximum stray-light suppression for best  detection 
sensitivity. Operated with the Chromeleon CDS software, the detector provides 
automated qualification, various tools for method development, and instrument 
wellness monitoring for ease of use, maximum uptime, and the highest degree 
of regulatory compliance.

•	 Data collection at up to 200 Hz  for optimal support of even the fastest 
UHPLC separations (FLD-3400RS)

•	 Standard detectors operate at up to 100 Hz data rate for optimum support 
of  62 MPa (9,000 psi) UltiMate 3000 standard systems

•	 Lowest limits of detection with a Raman signal-to-noise ratio  
(S/N): > 550 ASTM (> 2100 using dark signal as noise reference)

Advanced Detection Capabilities

•	 Unsurpassed reproducibility with active flow cell temperature control for 
stable fluorophore activity independent of changes in ambient temperature

•	 Long-life xenon flash lamp for highest sensitivity and long-term operation 
without the need for frequent lamp changing

•	 Optional second photomultiplier (PMT) for unique Dual-PMT operation, 
offering an extended wavelength range up to 900 nm without sacrificing 
sensitivity in the standard wavelength range

•	 Two-dimensional (2D) or three dimensional (3D) excitation, emission, 
or synchro scans to provide the highest degree of flexibility for method 
development or routine sample characterization

•	 Innovative Variable Emission Filter for real-time compound-related sensitivity 
optimization (FLD-3400RS only)

•	 Large front-panel display for easy monitoring of the detector status

•	 Two flow-cell sizes for easy optimization to application requirements: the  
8 µL flow cell is ideal for trace analysis, and the 2 µL flow cell offers best 
peak resolution with narrow-bore HPLC and UHPLC columns

Ultimate 3000 Fluorescence Detector

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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Advanced Detection Capabilities

UltiMate 3000 Variable Wavelength  
Detectors
The Thermo Scientific Dionex UltiMate 3000 VWD-3000 is a variable 
wavelength detector (VWD) series for industry leading UV-Vis detection. 
The forward optics design and wide range of available flow cells ensure 
optimal performance over a flow rate range of five orders of magnitude. 
Automated qualification, performance optimization, and instrument wellness 
monitoring deliver maximum uptime, simplify work-flow, and give you full 
confidence in your analytical results. The detector is available in a standard 
100 Hz (VWD-3100) and a 200 Hz Rapid Separation version (VWD-
3400RS) for the most challenging UHPLC applications.

High-Performance UV-Vis Detection

• 	 The VWD-3400RS variant provides data collection rates of up to 200 
Hz for optimal support of today’s and tomorrow’s UHPLC separations

• 	 The VWD-3100 standard detector operates at up to 100 Hz data rate 
for optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard 
systems

• 	 Superior detection of trace analytes with low noise (< –2.0 μAU) and 
drift (< 100 μAU/h)

• 	 The detector’s large linearity range of up to 2.5 AU is ideal for 
applications with widely varying analyte concentrations

• 	 Up to four absorption channels (VWD-3400RS) and spectral scans 
support effective method development

• 	 Active temperature control of optics and electronics for data 
acquisition independent of ambient conditions

• 	 Front panel access for quick and easy lamps and flow cells changes

• 	 Automated qualification monitoring for full regulatory compliance

• 	 Large front panel display for monitoring the detector status even from 
a distance

• 	 Maximize uptime using predictive performance–based on monitoring 
the life cycle of detector lamps

• 	 The detector can be upgraded with the Thermo Scientific Dionex  
pH/Conductivity Monitor (PCM-3000) for accurate and precise pH- 
and conductivity monitoring

• 	 Unique 45 nL ultra-low dispersion UV monitor for dispersion-free UV 
detection in LC/MS

UltiMate 3000 VWD-3400 Variable Wavelength Detector.

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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Thermo Scientific Dionex IC systems have led the 
analytical instrument industry for over 30 years with 
solutions that represent state-of-the art technological 
advancements and patented technologies. 

Ion Chromatography
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Innovative Ion Chromatography Solutions
Our High-Pressure™ Ion Chromatography (HPIC™) systems include the 
Thermo Scientific Dionex ICS-5000+ HPIC system, which is optimized 
for flexibility, modularity, and ease-of-use, combining the highest 
chromatographic resolution with convenience. In addition, the Thermo 
Scientific Dionex ICS-4000 Capillary HPIC system is the world’s first 
commercially available dedicated capillary high-pressure Reagent-Free™ 
(RFIC™) IC system. The Dionex ICS-4000 system is always ready for the 
next analysis, delivering high-pressure IC on demand. 

Reagent-Free IC systems eliminate daily tasks of eluent and regenerant 
preparation in turn saving time, preventing errors, and increasing 
convenience. RFIC-EG systems use electrolytic technologies to generate 
eluent on demand from deionized water, and to suppress the eluent back to 

Thermo Scientific Dionex IC instrument family

IC and RFIC Systems

pure water to deliver unmatched sensitivity. RFIC-ER systems are designed 
to use carbonate, carbonate/ bicarbonate, or MSA eluents for isocratic 
separations.

At the heart of our ion chromatography portfolio is a unique set of column 
chemistries that provide high selectivities and efficiencies with excellent 
peak shape and resolution. Thermo Scientific™ Dionex™ IonPac™ 
chromatography columns address a variety of chromatographic separation 
modes including ion exchange, ion exclusion, reversed-phase ion pairing, 
and ion suppression. Our column chemistries are designed to solve specific 
applications, and we offer a variety of selectivities and capacities for simple 
and complex samples. Additionally, our Dionex IonPac column line is 
available in standard bore, microbore and capillary formats for the ultimate 
application flexibility.

Learn more at www.thermoscientific.com/IC

http://www.thermoscientific.com/IC


Analytical Technologies

Table of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

We provide advanced integrated IC/MS and  
LC/MS solutions with superior ease-of-use and modest 
price and space requirements. UltiMate 3000 System 
Wellness technology and automatic MS calibration 
allow continuous operation with minimal maintenance. 
The Dionex ion chromatography family automatically 
removes mobile phase ions for effort-free transition to 
MS detection.

Mass Spectrometry 
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Single-Point Control and Automation
We provide advanced integrated IC/MS and LC/MS solutions with 
superior ease-of-use and modest price and space requirements. UltiMate 
3000 System Wellness technology and automatic MS calibration 
allow continuous operation with minimal maintenance. The Dionex ion 
chromatography family automatically remove mobile phase ions for effort-
free transition to MS detection.

•	 Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallest and 
most sensitive single quadrupole on the market for LC and IC

•	 Self-cleaning ion source for low maintenance operation

MSQ Plus Mass Spectrometer

Mass Spectrometry Instruments

•	 Chromeleon CDS software for single-point method setup, instrument 
control, and data management compatible with existing IC and LC 
methods

•	 The complete system includes the MSQ Plus mass spectrometer, PC 
data system, electrospray ionization (ESI) and atmospheric pressure 
chemical ionization (APCI) probe inlets, and vaccum system

Now, you no longer need two software packages to operate your  
LC/MS system. Chromeleon CDS software provides single-software 
method setup and instrument control; powerful UV, conductivity, and MS 
data analysis; and fully integrated reporting. 

Learn more at www.thermoscientific.com/MS

http://www.thermoscientific.com/MS
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Tackle chromatography management challenges with 
the world’s most complete chromatography software. 
Whether your needs are simple or complex or your 
scope is a single instrument, a global enterprise, or 
anything in between – the combination of Chromeleon 
CDS’ scalable architecture and unparalleled ease-
of use, makes your job easy and enjoyable with one 
Chromatography Data System for the entire lab.

Chromatography Data Systems
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The Fastest Way from Samples to Results
The 7.2 release of Chromeleon Chromatography Data System software 
is the first CDS that combines separation (GC/IC/LC) and Mass 
Spectrometry (MS) in an enterprise (client/server) environment. By 
extending Chromeleon 7.2 CDS beyond chromatography into MS, lab 
technicians can now streamline their chromatography and MS quantitation 
workflows with a single software package. MS support in Chromeleon 7.2 
CDS is focused on routine and quantitative workflows, which provides 
access to rich quantitative data processing and automation capabilities — 
ultimately boosting your overall lab productivity and increasing the quality 
of your analytical results. 

Chromeleon CDS Software

•	 Enjoy a modern, intuitive user interface designed around the principle 
of operational simplicity

•	 Streamline laboratory processes and eliminate errors with 
eWorkflows™, which enable anyone to perform a complete analysis 
perfectly with just a few clicks

•	 Access your instruments, data, and eWorkflows instantly in the 
Chromeleon Console

•	 Locate and collate results quickly and easily using powerful built-in 
database query features

•	 Interpret multiple chromatograms at a glance using MiniPlots

•	 Find everything you need to view, analyze, and report data in the 
Chromatography Studio

•	 Accelerate analyses and learn more from your data through dynamic, 
interactive displays

•	 Deliver customized reports using the built-in Excel® compatible 
speadsheet

	 Excel is a registered trademark of Microsoft Corporation.

Learn more at www.thermoscientific.com/Chromeleon

http://www.thermoscientific.com/Chromeleon
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Thermo Scientific Dionex process analytical systems 
provide timely results by moving chromatography-based 
measurements on-line. 

Process Analytical Systems 
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Integral process analytzer

Process Analytical Systems and Software

Improved Process Monitoring with On-line 
Chromatography IC and LC Systems
Information from the Thermo Scientific Dionex Integral process analyzer 
can help reduce process variability, improve efficiency, and reduce 
downtime. These systems provide comprehensive, precise, accurate 
information faster than is possible with laboratory-based results. From 
the lab to the factory floor, your plant’s performance will benefit from the 
information provided by on-line LC.

•	 Characterize your samples completely with multicomponent analysis

•	 Reduce sample collection time and resources with automated 
multipoint sampling

•	 Improve your process control with more timely results

•	 See more analytes with unique detection capabilities 

•	 The Thermo Scientific Integral Migration Path approach lets you 
choose the systems that best meets your needs

Learn more at www.thermoscientific.com/chromatography

http://www.thermoscientific.com/chromatography
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Solvent extractions that normally require labor-intensive 
steps are automated or performed in minutes, with 
reduced solvent consumption and reduced sample 
handling using the Thermo Scientific™ Dionex™ ASE™ 
Accelerated Solvent Extractor system or Thermo 
Scientific™ Dionex™ AutoTrace™ 280 Solid-Phase 
Extraction instrument.

Automated Sample Preparation
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Complete Extractions in Less Time Using 
Less Solvent
Thermo Scientific Dionex ASE systems extract of solid and semisolid 
samples using common solvents at elevated temperature and pressure. 
The Dionex ASE 150 and 350 systems feature pH-hardened pathways 
with Dionium™ components to support extraction of acidic or alkaline 
matrices, and combine pretreatment, solvent extraction, and cleanup 
into one step. Dionium is zirconium that has undergone a proprietary 

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments

Accelerated Solvent Extractor System 

hardening process that makes it inert to chemical attack by acids and 
bases at elevated temperatures.

Dionex ASE systems are dramatically faster than Soxhlet, sonication, and 
other extraction methods, and require significantly less solvent and labor. 
Accelerated solvent extraction methods are accepted and established 
in the environmental, pharmaceutical, foods, polymers and consumer 
product industries. Accelerated solvent extraction methods are accepted 
and used by government agencies worldwide.

Learn more at www.thermoscientific.com/samplepreparation

http://www.thermoscientific.com/samplepreparation
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Carbonyl compounds are widely found in food 
products. They can originate from raw materials, 
alcoholic fermentation, or from a wide range of chemical 
reactions such as lipid oxidation, Maillard reactions, 
Strecker degradation, and aldol condensation.

Process Contaminants  
Including Acrolein
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Process Contaminants

Acrolein and Other Carbonyl Compounds
Acrolein is the α,β-unsaturated carbonyl compound also called prop-
2-enal or acrylic aldehyde. Acrolein has a high volatility and very high 
reactivity. The biological effects of acrolein are a consequence of its 
reactivity towards biological nucleophiles such as guanine in DNA and 
cysteine, lysine, histidine, and arginine residues in proteins. Acrolein 
adduction disrupts the function of these biomacromolecules and may 
result in disease. To evaluate risk assessment, more information on its 
occurrence needs to be generated. Reported in Method 63558 is an in-
house validated method for the determination of a wide range of carbonyl 
compounds  (acrolein [ACR], acetoin [ACET], glyoxal [GLX], methyl-
glyocxal [MeGLX], 5-hydroxymethyl-furfural [HMF] and 9-nonenal [NON]) 
in beer, wine, and potato chips using LC/MS. 

Did You Know?
	 Acrylamide is present in many different foods regularly consumed. For example, 

it is found in 40 percent of the calories consumed in the average American diet 
and in foods ranging quite literally from soup to nuts, including baked and fried 
potatoes, bread, cereals, coffee, crackers, olives, asparagus, prune juice, dried 
fruit and many others.
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Process Contaminants

Figure 8-1. Chromatogram of a beer sample spiked at 50 ppm with carbon compounds and after the derivatization reaction. Mass spectrometric detection was carried out by the MSQ single quad-
rupole mass spectrometer in selected ion monitoring (SIM) mode with atmospheric pressure chemical ionization (APCI). All compounds were individually tuned for optimal cone voltage.

Download Method 63558:  Determination of Acrolein and Other Process Contaminants in Beer, Wine, and Potato Chip Matrices by 
Liquid Chromatography-Single Quadrupole Mass Spectrometry

MS Conditions
Ionization Method: APCI
Polarity: Negative
Scan Type: Full scan 150–350 m/z
Scan Time: 0.2 s
Probe temperature: 350 °C 
Needle Voltage: 3.2 kV
Time Range: 1–7 min
Cone Voltage: 15 V

LC Conditions
LC Column: Thermo Scientific™ 
 Accucore™ RP-MS 2.6 μm, 
 100 × 2.1 mm 
Mobile Phase A: MeOH, B: H2O
Column Oven Temperature: 40 °C
Total Measurement Time: 7 min

ACR

ACE

GLX

MeGLX

HMF

NON
Time 
[min] A% B% Flow Rate 

[µL/min]

0.0 45 55 400

1.0 45 55 400

3.6 86 14 400

4.0 100 0 400

5.9 100 0 400

6.0 45 55 400

7.0 45 55 400

Table 8-1. Gradient program for Figure 8-1.

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/TG-63558-Determination-Acrolein-Beer-Wine-Potato-Chip-TG63558-E.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/TG-63558-Determination-Acrolein-Beer-Wine-Potato-Chip-TG63558-E.pdf
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Process Contaminants

Acrolein and Other Carbonyl Compounds 

Table 8-2. Method 63558 LOD and LOQ values.

Analyte
Beer Wine Chips

LOD 
(mg/kg)

LOQ 
(mg/kg)

LOD 
(mg/kg)

LOQ 
(mg/kg)

LOD 
(mg/kg)

LOQ 
(mg/kg)

ACR 0.25 0.8 0.25 0.8 0.25 0.8

ACET 0.6 2 0.6 2 0.6 2

ACETOH (IS) 7.5 25 7.5 25 7.5 25

GLX 6 20 4.5 15 4.5 15

MeGLX 5 17 4.5 15 7.5 25

HMF 0.36 1.2 0.3 1 0.3 1

NON 0.18 0.6 0.18 0.6 0.18 0.6
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Acrylamide is a genotoxic compound found in fried or 
baked goods. It is produced when asparagine reacts 
with reducing sugars such as fructose or glucose, or 
carbonyl compounds. Browning the ingredients while 
cooking produces acylamide, as does overcooking. 
The acrylamide content in some samples, such as hash 
browns or french fries, can be particularly high, as much 
as several mg/kg.

Acrylamide
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Methods for acrylamide determination have been published by the U.S. 
EPA (Method 8032A) using liquid extraction, and by the German Health 
Agency (BGVV), using HPLC with UV detection. The method presented 
here demonstrates fast, automated extraction procedure using an 
Accelerated Solvent Extraction system. The extracts are analyzed by  
ICE-MS.

The benefits of this method are simplicity and a high degree of 
automation, which allows analysis of large numbers of samples with 
minimal labor.

Figure 8-2. Potato chips sample with high acrylamide content.

Acrylamide

Figure 8-3. SIM chromatogram of crisp bread sample with low acrylamide content.

Download Application Note 409: Fast Determination of Acrylamide in Food Samples Using Accelerated Solvent Extraction  
Followed by Ion Chromatography with UV or MS Detection

250
Minutes

mAU

1510 20
–10

1

5

100

Column:  Dionex IonPac ICE-AS1, 4 × 250 mm,7.5 µm, SP6003
Flow:  0.15 mL/min
Injection Volume: 25 µL
Eluent:  3.0 mM formic acid in
 acetonitrile/water 30/70 (v/v)
UV Detection:  202 nm
MS Detection:  ESI+: 3.0 kV, cone 50 V, probe temp.
 300 °C, scan 50–250 m/z, SIM 72 m/z

250
Minutes

20000

Intensity

1510 20
0

27

1

5

Column:  Dionex IonPac ICE-AS1, 4 × 250 mm,7.5 µm, SP6003
Flow:  0.15 mL/min
Injection Volume: 25 µL
Eluent:  3.0 mM formic acid in
 acetonitrile/water 30/70 (v/v)
UV Detection:  202 nm
MS Detection:  ESI+: 3.0 kV, cone 50 V, probe temp.
 300 °C, scan 50–250 m/z, SIM 72 m/z

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/4527-AN409-ASE-Acrylamide-Foods-27Apr2011-LPN1497-02.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/4527-AN409-ASE-Acrylamide-Foods-27Apr2011-LPN1497-02.pdf
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The fungus Aspergillus grows in soil and decaying 
vegetation, and can colonize and contaminate crops 
with aflatoxins before harvest or during storage. 
Aflatoxins are toxic and highly carcinogenic substances, 
and the presence of aflatoxins B1, B2, G1, and G2 
in a variety of processed and unprocessed foods is 
regulated in countries around the world.

Aflatoxins
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The European Commission has set maximum levels for aflatoxin B1 
between 2.0 and 8.0 μg/kg and for the sum total of all four of these 
toxins between 4.0 and 15.0 μg/kg in crops such as nuts, groundnuts, 
grains, and dried fruits. The U.S. Food and Drug Administration has set 
action levels (levels where the FDA will take legal action to remove 
products from the market) of 20 ppb (μg/kg) for the sum total of the four 
aflotoxins in foods such as corn, peanuts, brazil nuts, and pistachios as 
well as other foods.

The traditional method for aflatoxins analysis in grains includes soxhlet 
extraction, sample clean-up using SPE, and separation, identification, and 
quantification by HPLC. Because of the time-consuming extraction and 
clean-up steps, sample throughput is limited using this technique. This can 
be improved by using an accelerated solvent extraction system followed 
by on-line SPE-LC.

The extract was analyzed by on-line solid-phase extraction coupled to 
a high-performance liquid chromatographic system (online SPE-LC). 
The UltiMate ×2 Dual-Gradient HPLC system was used, comprising a 
six channel on-line degasser; two integrated gradient pumps used for 
sample loading, sample cleanup, and separation on the analytical column; 
a cooled well-plate autosampler with split loop injection; a thermostatted 
column compartment equipped with a 6-port switching valve; a 
photochemical derivatizer; and a fluorescence detector.

Figure 8-4. Molecular structures of aflatoxins: (A) Aflatoxin B1, (B) Aflatoxin B2, C) Aflatoxin G1, 
and (D) Aflatoxin G2.

Aflatoxins

The stationary phase of the Venture™ AF SPE immunoaffinity 15–20 μm 
50 × 2.1 mm column selectively retained the target analytes (aflatoxins) 
from the sample matrix. The enriched analytes were transferred in a back-
flush mode to an Acclaim 120 C18 3 μm, 4.6 × 150 mm column for 
the reversed-phase separation of the B1, B2, G1, and G2 aflatoxins.

After separation, the aflatoxins B1 and G1 were photochemically 
derivatized by irradiation with UV light at 254 nm, allowing detection 
of these aflatoxins with a fluorescence detector. The photochemical 
derivatization has no influence on the chemical or measurement related 
properties of aflatoxins B2 and G2.

BA

DC

Download Poster Note: Fast and Effective Determination of Aflatoxins in Grains or Food Using Accelerated Solvent Extraction followed by HPLC

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Chromatography%20Sample%20Preparation%20Equipment/Accelerated%20Solvent%20Extraction%20System%20Accessories/67572-LPN-2069-01-Aflatoxins-note.pdf
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Figure 8-5. This figure shows the various steps in the on-line sample preparation and detection of 
aflatoxins B and G.

Aflatoxins

Table 8-3. Program events during on-line SPE-LC analysis.

6. Aflatoxins are separated on an
HPLC column with mobile phase
22.5/22.5/55 v/v/v% acetonitrile/
methanol/water.

7. The SPE column is equilibrated
with binding buffer for the next
injection.

1. The ASE extract is loaded on the
SPE immunoaffinity column with
binding buffer (10 mM phosphate,
0.15 M NaCl buffer, pH 7).

2. The analytical column is
equilibrated during SPE.

3. The SPE immunoaffinity column
allows for the isolation of the
aflatoxins from the extract matrix by
selective binding with immobilized
antibodies.

4. After the aflatoxins are bound,
the binding buffer is flushed from
the SPE immunoaffinity column
with water.

5. Analytes are transferred from the
SPE immunoaffinity column to the
analytical column with 20/80 v/v%
acetonitrile/water.

Time 
(min)

Valve 
Position

Loading Solvent for  
SPE Column, 250 μL/min  

A) Binding buffer 
B) Water

Transfer/Elution for  
Analytical Column, 1.00 mL/min  

A) 20/80 CH3CN/H2O  
B) 22.5/22.5/55 CH3OH/ CH3CN/H2O

0.0 1_2 100% A 100% A

5.0 100% A 100% A

5.1 100% B 100% A

10.0 6_1 100% B 100% A

10.1 100%A 100% A

14.5 100%A 100% A

14.6 1_2 100%A 100% B

27.6 100%A 100% B

27.7 100%A 100% A

40.0 100%A 100% A

mV

19 22 2624

B2
B2

B1

G1

Minutes
29 19 22 2624

Minutes
29

–83

494

mV

–83

494

 
 

B1

Figure 8-6. Chromatogram of aflatoxin determination by SPE-LC in almond (left) and corn (right).

Table 8-4. Amount of aflatoxins found in almond and corn samples.

Compound Almond Amount (μg/kg) Corn Amount (μg/kg)

G2 <LOD <LOD

G1 3 <LOD

B2 6 1

B1 53 27
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Aflatoxins and Ochratoxin A

Figure 8-7. Ginger sample spiked with mycotoxins: Aflatoxin B1 ,5.06 ng/g; Aflatoxin B2,  
1.45 ng/g; Aflatoxin G1, 4.33 ng/g; Aflatoxin G2, 1.45 ng/g; Ochratoxin A, 10.1 ng/g.

The production of herbal supplements and spices is a fast growing 
industry. Unfortunately, the raw materials are often imported from 
countries that lack adequate quality control and whose weather conditions 
during the growing season, along with improper harvesting and storage 
practices, can cause toxic mold contamination. There are numerous 
reports on the presence of Mycotoxins in commercially available herbs 
and spices such as chamomile, black and white tea leaves, ginkgo leaves, 
paprika, and cumin.

A simple, sensitive, and robust HPLC method for determining Aflatoxins 
B1, B2, G1, G2, and Ochratoxin A in herbs and spices was developed. 
Afla-OtaCLEAN™ (LCTech, Germany) Immunoaffinity columns containing 
antibodies specific for both classes of Mycotoxins allowed for fast and 
efficient sample clean-up. Post-column photochemical derivatization was 
used to increase the sensitivity of detection of Aflatoxins B1 and G1. The 
UVE™ (LCTech, Germany) photochemical reactor requires no additional 
reagents and was installed between the HPLC column and fluorescence 
detector. Ochratoxin A is a naturally fluorescent compound that does 
not require derivatization and can be determined together with all four 
Aflatoxins.

0 5 10 15 20 25

B1

B2

G1

G2 Ochratoxin A

Minutes

Column:  C18, 4.6 × 250 mm
Flow:  1 mL/min
Injection Volume:  30 μL
HPLC Eluent:  Sodium Phosphate buffer
 (Pickering Laboratories Inc. Cat #1700-1108), Methanol, Acetonitrile
HPLC Gradient:
Time (min)  Sodium Phosphate (%)  Methanol (%)  Acetonitrile (%)
 0   57  28  15
 13 57  28  15
 13.1   40  60  0
 23   40  60  0
 23.1   0  100  0
 28   0  100  0
Equilibration:  12 min
FLD:  Excitation 365 nm, Emission 430 nm for Aflatoxins (0–16 min)
 Excitation 335 nm, Emission 455 nm for Ochratoxin A (16–28 min)

Download Customer Application Note 115: Clean-Up and Analysis of Aflatoxins and Ochratoxin A in Herbs and Spices

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/CAN-115-Clean-Up-Analysis-Aflatoxins-Ochratoxin-A-Herbs-Spices-LPN3044-E.pdf
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Aflatoxins and Ochratoxin A

Figure 8-8. Ginseng sample spiked with mycotoxins: Aflatoxin B1, 2.53 ng/g; Aflatoxin B2,  
0.72 ng/g; Aflatoxin G1, 2.16 ng/g; Aflatoxin G2, 0.72 ng/g; Ochratoxin A, 5.05 ng/g. For 
conditions see Figure 8-7.

Figure 8-9. Echinacea sample spiked with mycotoxins: Aflatoxin B1, 2.53 ng/g; Aflatoxin B2,  
0.72 ng/g; Aflatoxin G1, 2.16 ng/g; Aflatoxin G2, 0.72 ng/g; Ochratoxin A, 5.05 ng/g. For 
conditions see Figure 8-7.

Minutes
0 5 10 15 20 25 30

B1

B2

G1
G2

Ochratoxin A

0 5 10 15 20 25

B1

B2

G1
G2

Ochratoxin A

Minutes

Triva Question
	 Q: Do you know how many types of aflatoxin are produced in nature?

	 A: 14 different types of aflatoxin are produced in nature, with Aflatoxin B1 being 
the most toxic.
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Aniline is an organic compound widely used in the 
polymer, rubber, pharmaceutical, and dye industries. 
Aniline and its derivatives (e.g., nitroanilines) are 
suspected carcinogens and are highly toxic to aquatic 
life. Therefore, it is necessary to establish sensitive, 
efficient, and simple methods for the determination of 
aniline and its derivatives in drinking and environmental 
waters.

Aniline and Nitroanilines 
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Aniline and Nitroanilines in Drinking Water
Normally, extraction processes for aniline and its derivatives from 
environmental and drinking water samples prior to HPLC analysis 
are required due to the limited sensitivity of direct injection for these 
samples, which have low concentrations of anilines. The typical extraction 
techniques are liquid-liquid extraction and solid-phase extraction (SPE), 
with SPE gaining favor either in the on-line or off-line mode. Compared 
to off-line SPE, on-line SPE offers the advantages of full automation, 
absence of operator influence, time savings, and strict process control.

Application Note 292 describes an on-line SPE HPLC system for the 
simple and sensitive determination of aniline and four nitroanilines— 
o-nitroaniline, m-nitroaniline, p-nitroaniline, and o,p-dinitroaniline—in 
tap and pond water.

Figure 8-10. Structures of aniline and nitroanilines.

Aniline and Nitroanilines 

Aniline o-Nitroaniline

p-Nitroaniline o,p-Dinitroaniline

m-Nitroaniline

NH
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NH
2

NH
2

NH
2

NO
2

NO
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2

NH
2

O
2
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Download Application Note 292: Determination of Aniline and Nitroanilines in Environmental and Drinking Waters by On-Line SPE

Figure 8-11. Flow schematic of on-line SPE.
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/Liquid%20Chromatography%20Accessories/AN-292-LC-Aniline-Nitroanilines-Water-SPE-AN70232-EN.pdf
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Aniline and Nitroanilines 

Figure 8-12. Chromatograms of (A) tap water sample, (B) the same sample spiked with 1.0 μg/L 
aniline and nitroanilines standard, and (C) spiked with 10 μg/L.

0 2 4 6 8 10 12 15
–20

80

mAU

Minutes

C
B
A

1

 2

 3
4

5

Analytical Column: Thermo Scientific™ Acclaim™ 120 C18 (3 µm, 4.6 × 150 mm)
SPE Cartridge: Thermo Scientific™ Dionex™ SolEx™ SPE Cartridges HRP 
 (12–14 µm, 2.1 × 20 mm)
Flow: For on-line SPE: 0~2 min, 2.0 mL/min; 
 3~10 min, 0.5 mL/min; 11~15 min, 2 mL/min
 For separation: 1.0 mL/min
Column Temp.:     30 °C
Injection Volume: 5000 µL on the on-line SPE cartridge 
 (two consecutive injections of 2500 µL using UDP injection mode)
Mobile Phase: For on-line SPE: 10 mM phosphate buffer (pH 6.5)/CH

3
OH, 

 In gradient: CH
3
OH, 0~2 min, 10%; 3~10 min, 70%; 11~15 min, 10%

 For separation: H
2
O/CH

3
CN

 In gradient: CH
3
CN, 0~2 min, 30%; 10 min, 55%; 

 11~13 min, 70%; 15 min, 30%
UV Detection: Absorbance at 230 nm

Chromatograms: A) Tap water sample
 B) Spiked with standards 1.0 µg/L each
 C) Spiked with standards 10 µg/L each 

Peaks: 1. Aniline
 2. p-Nitroaniline
 3. m-Nitroaniline
 4. o-Nitroaniline
 5. o,p-Dinitroaniline
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The use of antibiotics on livestock, aquaculture, and 
bee husbandry helps maintain health and provides other 
benefits such as improved disease resistance, increased 
production, and in some cases, reduction in foodborne 
pathogens. However, antibiotic residues in foods can 
cause undesirable side effects such as idiosyncratic 
aplastic anemia, production of antibiotic-resistant 
bacteria, and the reduction of indigenous microbiota 
found in the human digestive tract. In addition, the 
wastes of these animals can lead to antibiotics being 
present in our water.

Antibtiotics
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Organizations responsible for food safety perform assays for the presence 
of allowed and banned antibiotics as part of their surveillance activities. 
This application demonstrates a reproducible RSLC method for the 
separation of polyketide (tetracycline and oxytetracycline), macrolide 
(tylosin), phenicol (chloramphenicol), nitrofuran (nitrofurantoin), and 
sulfonamide (sulfathiazole) classes of antibiotics with an MS-compatible 
mobile phase.

Figure 8-13. Separation of multiple classes of antibiotics using the UltiMate RSLC system and 
UV-diode array detection at 267 nm.

Antibtiotics in Feed
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0
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0 1 2 3 4

Minutes
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4
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Column:  Acclaim RSLC Polar Advantage II, 2.2 µm, Analytical (2.1 × 150 mm)
Flow:  0.8 mL/min
Temperature:  30 °C (Autosampler: 5 °C)
Injection Volume:  10 µL
Mobile Phases: A) 0.5% Formic acid in water
 B) 0.5% Formic acid in acetonitrile 
Gradient Time (min): 0 2 4 4.1 5.9 6
%A 90 74 48 10 10 90
%B 10 26 52 90 90 10
Detection: Absorbance, UV at 267 nm

Peaks: 1. Sulfathiazole 10 µg/mL
 2. Oxytetracycline 10
 3. Tetracycline 10
 4. Nitrofurantoin 10
 5 (a,b,c). Tylosin and related products 10
 6. Chloramphenicol 10

Download Application Brief 109: Rapid HPLC Separation of Multiclass Antibiotics in Food and Water

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AB-109-Separation-Multiclass-Antibiotics-Food-Water-LPN2412.pdf
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Figure 8-14. Structures of antibiotics used in the ethanol production process.

Antibtiotics in Feed

Antibiotics in Distiller’s Grain
Distiller’s grain (DG), a major coproduct of dry-grind ethanol processing, 
quadrupled in production during 2004–2005. DG is a valuable product 
to the livestock industry because it is a rich source of protein, fat, miner-
als, and vitamins, thus making it an excellent feed supplement for livestock 
and poultry. However, bacterial contamination from lactic acid-producing 
bacteria—such as Lactibacillus, Lueconostoc, and Weissella—is a 
concern for ethanol production facilities because bacteria compete with 
yeast for sugar and micronutrients. Antibiotics such as virginiamycin, 
penicillin, and erythromycin are commonly used during fermentation to 
inhibit bacterial growth. The FDA has raised concern over food producing 
animals consuming DGs with antibiotic residues, and how this may lead 
to increased antibiotic resistance in humans and animals. Therefore, to 
assess the amount of antibiotics in DGs and to meet possible future regu-
latory requirements, analytical methods are needed to determine residual 
antibiotics in DGs. This method allows the determination of penicillin G, 
erythromycin, and virginiamycin S1 and M1 in dried distillers grains with 
solubles (DDGS).

Virginiamycin M1

Erythromycin

Virginiamycin S1

Penicillin G

Did You Know?
	 Antibiotics are given to livestock for two reasons: to promote animal health,  

and to make animals grow faster. Food animals get 80% of the antibiotics  
used in the U.S. 15,000 tons of antibiotics are used in U.S. to treat food animals 
each year.

Download Application Note 1055: Determination of Virginiamycin, Erythromycin, and Penicillin in Dried Distillers Grains with Solubles

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(3um)/114374-AN1055-HPLC-Antibiotics-DDGS-AN70519_EN.pdf
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Figure 8-15. Chromatogram showing the separation of a mix of four antibiotics on the  
Acclaim 300 C18 column using charged aerosol detection.

Antibtiotics in Feed

0 3 6 9 12 15
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25
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pA

Minutes

Column:  Acclaim 300 C18, 3 µm, 
 Analytical (2.1 × 150 mm)
Flow:   0.75 mL/min
Temperature:  25 °C
Injection Volume:  10.0 µL
Eluent: A: 0.025% HFBA in 25% CH

3
CN

 B: Ethyl Acetate
 C: 0.025% HFBA in CH

3
CN

Gradient: 0.0–3.0 min 100% A, 
 3.0–19.0 min 1.0% B/75% C, 
 hold at 1.0% B/75% C for 1 min, 
 step change at 20.0 min 100% A, 
 hold at 100% A for 5 min

Detection:  Charged Aerosol, 
 low filter, 60 Hz data 
 collection rate, nebulizer 
 temperature 15 °C
Sample:  Mixed Antibiotic Standard

Peaks:   
1. Penicillin  50.0 µg/mL
2. Erythromycin  50.0
3. Virginiamycin M

1
 50.0  

4. Virginiamycin S
1
  50.0

Figure 8-16. Chromatograms showing the separation of (A) an unspiked DDGS sample and (B) 
a DDGS sample spiked with a mix of the four antibiotics using the Acclaim 300 C18 column with 
charged aerosol detection.
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Detection:  Charged Aerosol, 
 low filter, 60 Hz data 
 collection rate, 
 nebulizer 
 temperature 15 °C
Samples:  (A) Unspiked DDGS 
                (B) Spiked DDGS

Peaks:   
1. Penicillin 12.5 µg/mL
2. Erythromycin 12.5
3. Virginiamycin M

1
 12.5  

4. Virginiamycin S
1
  12.5      

 
A

B

Column:  Acclaim 300 C18, 3 µm, 
 Analytical (2.1 × 150 mm)
Eluent: A: 0.025% HFBA in 25% CH

3
CN

 B: Ethyl Acetate
 C: 0.025% HFBA in CH

3
CN

Gradient: 0.0–3.0 min 100% A, 
 3.0–19.0 min 1.0% B/75% C, 
 hold at 1.0% B/75% C for 1 min, 
 step change at 20.0 min 100% A, 
 hold at 100% A for 5 min  
Flow Rate:   0.75 mL/min
Inj. Volume:  10.0 µL
Temperature:  25 °C
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Antibtiotics in Feed

Ionophore Antibiotics in Animal Feed
Antibiotics can be categorized based on their chemical structure, 
including: beta-lactams, aminoglycosides, tetracyclines, fluoroquinolines, 
macrolides, and polyether ionophores. The use of polyether ionophorous 
antibiotics (monensin, salinomycin, lasolacid A, and narasin) in industrial 
agriculture is significant, with over 3,700,000 kg approved for use in 
2009 by the Food and Drug Administration. Ionophores are approved 
feed additives, and are used to a large extent in the poultry and beef 
production industry to control and prevent coccidiosis disease. Adding 
these ionophores to animal feeds can improve growth rates, but there is 
concern that antibiotic residues may remain in tissues, food products, and 
the environment. 

Some animals such as horses, certain avian species, dogs, and cats are 
especially sensitive to ionophore toxicity. Thus, there is a need for sensitive 
methods for their analysis. Presented here is a gradient HPLC-charged 
aerosol detector method capable of measuring a number of ionophore 
antibiotics.

HPLC System: 	 UltiMate 3000 RSLC DGP
HPLC Column: 	 Acclaim RSLC 120 C18, 
	 2.2 µm, 2.1 × 250 mm
Flow: 	 0.50–0.85 mL/min
Column Temp.:	 50 °C
Injection Volume: 	10 µL
Mobile Phase: 	 A: Water/methanol (350:650), 
	 0.1% acetic acid
	 B: Methanol, 0.1% acetic acid
Sample Solvent: 	Water/methanol (9:91)
Sample Temp.: 	 15 °C

Gradient: 
Time (min)	 Flow Rate	 %A	 %B
	 (mL/min)
	 -3.0	 0.55	 100.0	  0.0
	 0.0	 0.50	 100.0	  0.0
	 0.5	 0.50	 100.0	  0.0
	 1.0	 0.50	  58.0	  42.0
	 2.0	 0.51	  56.5	  43.5
	 4.0	 0.56	  50.0	  50.0
	 10.0	 0.56	  45.0	  55.0
	 23.0	 0.65	  45.0	  55.0
	 26.0	 0.65	  37.0	  63.0
	 28.0	 0.65	  0.0	 100.0
	 33.0	 0.85	  0.0	 100.0
	 33.0	 0.85	 100.0	  0.0
	 35.0	 0.55	 100.0	  0.0

Figure 8-17. Nitrofuran antibiotic residues in animal feed on the Acclaim 120 C18 column.

Nitrofuran Antibiotics in Animal Feed

0 2 4 6 8
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2 3
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Column:  Acclaim 120 C18, 5 μm, 4.6 × 150 mm
Flow:  1.0 mL/min
Temperature:  30 °C
Injection Volume:  20 μL
Mobile Phase:  Acetonitrile:10 mM ammonium acetate
 pH 5.0, 20:80 v/v; isocratic
Detector:  Summit UVD340U diode array,
 365 nm, and spectra 200–500 nm

Sample Prep.: 1. 3.0 g guinea pig feed in a 50 mL centrifuge tube
 2. Add 9 mL water and let stand 5 min.
 3. Add 21 mL methanol:acetonitrile 1:1 and extract for 30 min.
 4. Pass through cleanup cartridge containing 1.7g of neutral 
  alumina; discard first 1.7 mL, retain next 3.5 mL

Peaks:  1. Nitrofurazone
 2. Nitrofurantoin
 3. Furazolidone
 4. Furaltadone
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Figure 8-18. Chicken meat extract blank chromatogrm (purple), overlaid with ionophore standard 
chromatogram (19 ng o.c.) (green).

Antibiotics in Meat
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1.0 Peaks: 1. Monensin B
 2. Monensin A
 3. Lasolacid A
 4. Salinomycin
 5. Narasin
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Chicken Pork

Figure 8-19. Tetracyclines in pork using the Acclaim PA column.
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Column:  Acclaim PA C18 5 μm, 4.6 × 150 mm
Flow:  1.5 mL/min
Temperature:  30 °C
Injection Volume:  60 μL
Mobile Phase:  (A) 22 mM H

3
PO

4
, 0.5 mM Na

4
P

2
O

7

 (B) Acetonitrile
Gradient:  Time  0.0  0.5  7.0
 %A  82  82 45
 %B  18  18  55
Detector:  UVD 340U, UV at 360 nm

Samples:  (A) Spiked pork muscle,1.0 μg/g each
 (B) Control pork
 (C) Tetracycline standards,
  0.33 μg/mL in water

Sample Prep.:  
- 2.0 g pork muscle tissue
- Grind with mortar and pestle
 in sequence with 0.1 g of citric acid
 1.0 mL of 3.6 M HNO

3

 4.0 mL of methanol
 1.0 mL of water
- Centrifuge

Peaks:
1. Oxytetracycline
2. Tetracycline
3. Chlortetracycline
4. Doxycycline
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Antibiotics in Milk

Figure 8-20. Sulfonamide antibiotic residues in milk using the Acclaim 120 C18 column.

Sulfonamide antibiotics, some approved and some banned, are used in 
veterinary medicine to treat dairy cattle. Maximum contamination levels 
have been established for milk. The conventional assay requires two 

injections with different mobile phases to all compounds listed below. This 
improved method using a high resolution Acclaim 120 C18 column with 
gradient elution can resolve the entire list.

5 25
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40
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2 3 4 5

6 7 8

*

201510

Column:  Acclaim 120 C18 5 μm, 4.6 × 250 mm
Flow:  1.5 mL/min
Temperature:  35 °C
Injection Volume:  100 μL
Mobile Phase:  (A) 30 mM acetic acid
  adjusted to pH 4.2 with NaOH
 (B) Methanol
Gradient:  Time  0.0  20  25
 %A  88  60  60
 %B  12  40  40
Detector:  UVD 340U, UV at 265nm
 with spectral confirmation

Sample Prep.:  AOAC 993.32; refer to procedure
 for important notes

Samples:  (A) Spiked extract of skim milk,1.0 μg/g each
 (B) Milk extract
 (C) Sulfonamide standards, 
  0.20 μg/mL in water

Peaks:  1. Sulfadiazine (SDZ)
 2. Sulfathiazole (STZ)
 3. Sulfapyridine (SPD)
 4. Sulfamerazine (SMR)
 5. Sulfamethazine (SMZ)
 6. Sulfachloropyridazine (SCP)
 7. Sulfadimethoxine (SDM)
 8. Sulfaquinoxzline (SQX)
 *. Theobromine

Note: Most interferences are organic acids that
may be moved out of the way by small
adjustements to the pH of the mobile phase

mAU

Minutes
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B
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Aristolochia species (e.g., Virginia snakeroot, guaco) 
are common ingredients in traditional Chinese 
herbal remedies and herbal dietary supplements. 
Unfortunately, over the last ten years consumption of 
herbals containing Aristolochia has resulted in numerous 
cases of late stage renal failure often associated with 
urothelial tract carcinoma. 

Aristolochia
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Aristolochia

Figure 8-22. For conditions see Figure 8-21. Analysis of Aristolochia fangchi extract (blue) by HPLC 
with coulometric electrochemical array detection.

“Chinese herbs neuropathy”, the disease resulting from consumption of 
Aristolochia, has now been renamed “aristolochic acid nephropathy” in 
recognition of the active toxin(s) present and the fact that Aristolochia 
species are used in many non-Chinese herbal supplements. In 2000, 
the FDA released a warning to health care professionals warning of the 
consequences of Aristolochia consumption.

Figure 8-21. Analysis of aristolochic acid standards (green) and Aristolochia fangchi extract (blue) by 
HPLC-UV (250nm).

View the Webinar Presentation: Characterizing Traditional Herbal Medicines and Herbal Supplements

The principal nephratoxin present is aristolochic acid (AA). AA is 
actually composed of a group of several nitrophenanthrene carboxylic 
acids, aristolochic acid I (AA1) and aristolochic acid II (AA2) being the 
most abundant. Neither AA1 nor AA2 are toxic per se. However, upon 
metabolic activation they form reactive intermediates that are capable 
of damaging DNA. 
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Peaks: 1. Aristolochic Acid II
 2. Aristolochic Acid I
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-20
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Column: Acclaim120  C18, 3 µm Analytical, 3 × 150 mm
Flow: 1 mL/min
Temperature: 30° C
Injection Volume: 5 µL
Mobile Phase: A: 20 mM Sodium Phosphate Monobasic 3% Acetonitrile, 
  0.2% Tetrahydrofuran, pH 3.35
 B: 20 mM Sodium Phosphate Monobasic 50% Acetonitrile, 
  10% Tetrahydrofuran, pH 3.45
 C: 90% Methanol
Gradient: -5 - 0 min, 50% B, 3% C; 10 min, 97% B, 3% C; 20 min, 97% B, 3% C.
UV Detection: Channel 1, 218 nm; Channel 2, 250 nm; Channel 3, 302 nm; Channel 4, 321 nm
EC Detection: 6 Channel Array from +600 to +900 mV, relative to Pd, in 60 mV increments

Peaks: 1. Aristolochic Acid II
 2. Aristolochic Acid I

1

2

http://info1.thermoscientific.com/content/CMD_KL_Webinars?kl=FT_#&rid=10410
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Growing interest around arsenic (As) determinations in 
fruit juices has been triggered by media claims of total 
arsenic concentrations above acceptable limits in apple 
juice products. Although the FDA has been testing and 
monitoring fruit juices for arsenic content for more than 
20 years (and has found that total inorganic arsenic 
levels in juice are typically low), recently there has been 
heightened scrutiny of arsenic in apple juice. 

Arsenic
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Total Inorganic Arsenic in Fruit Juice

The U.S. EPA has set the total arsenic standard for drinking water at 
0.010 parts per million (ppm). However, total arsenic determinations 
can be misleading because inorganic arsenic compounds (arsenate 
As(V) and arsenite As(III)) are highly toxic, whereas organic arsenic 
compounds have much lower toxicity. 

Figure 8-23. Flow diagram of the analytical system.

Download Technical Note 145: Determination of Total Inorganic Arsenic in Fruit Juice Using High-Pressure Capillary Ion Chromatography 

Technical Note 145 describes the detection and quantification of total 
inorganic arsenic (arsenate As(V) and arsenite As(III)) in fruit juices 
separated on a high-resolution 4 µm particle anion-exchange column 
using a high-pressure capillary IC system.

EGC*

CD

Columns

Fresh 18 MW-cm Resistivity
Deionized Water 

 Dionex AS-AP Autosampler

Syringe
Needle

Dionex ICS-5000+ HPIC Capillary System

Fresh 18 MΩ-cm
Resistivity 
Deionized Water  

CR-ATC* Pump*

Regen**
Internal
Sample 
Loop

Tray Carousel

Waste * High-Pressure up to 5000 psi
** Green line is the flow path diagram for Regen and 
   dashed line flows through the back of the IC Cube

Degas
Module
Cartridge*

CRD 180 

ACES
Suppressor

Regen**

Regen**

ATC*

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/TN-145-Determination-Total-Inorganic-Arsenic-Fruit-Juice-TN70881-EN.pdf
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Total Inorganic Arsenic in Fruit Juice

Figure 8-24. Inorganic anions, organic acids, and arsenate in a diluted apple juice sample.

Instrument: Dionex ICS-5000+ HPIC system
Column: Dionex IonPac AS11-HC-4µm column, 0.4 × 250 mm
Flow:  0.015 mL/min
Column Temp.: 30 °C 
IC Cube Temp.: 15 °C 
Injection Volume: 0.40 µL
Eluent Source: Thermo Scientific™ Dionex EGC-KOH cartridge (Capillary)
Gradient (KOH): 1.5–2 mM (-10–2 min), 2–8 mM (2–13 min),
 8–28 mM (13–25 min), 28–35 mM (25–33 min),  
 35–65 mM (33–34 min), 65 mM (34–38 min)
Detection: Suppressed conductivity, Thermo Scientific™ Dionex™ 
 ACES™ 300 Suppressor, AutoSuppression, recycle mode
Samples: A: Water
 B: 50-fold dilution of apple juice Sample 1
 C: 0.2 mg/L arsenate spiked Sample B
 D: 0.5 mg/L arsenate spiked Sample B

Note that the inset is a zoomed in view of the arsenate peak.

 
Peak  mg/L Peak mg/L 
 1. Quinate 6.2 11. Malate/Succinate 73.5
 2. Fluoride 1.0 12. Sulfate   1.5
 3. Lactate 2.1 13. Oxalate  2.1
 4. Acetate/Glycolate 3.7 14. Phosphate  3.9
 5. Formate  2.6  15. Unknown  –
 6. Pyruvate  0.4  16. Arsenate*
 7. Galacturonate 15.7  17. Citrate   0.5
 8. Chloride  0.3  18. Isocitrate 0.2 
 9. Nitrate  1.1  19. trans-Aconitate  0.3
 10. Glutarate 0.3  20. Unknown –
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Figure 8-25. Inorganic anions, organic acids, and arsenate in a diluted grape juice sample.

Total Inorganic Arsenic in Fruit Juice

Instrument: Dionex ICS-5000+ HPIC system
Column: Dionex IonPac AS11-HC-4µm column, 0.4 × 250 mm
Flow:  0.015 mL/min
Column Temp.: 30 °C 
IC Cube Temp.: 15 °C 
Injection Volume: 0.40 µL
Eluent Source: Dionex EGC-KOH cartridge (Capillary)
Gradient (KOH): 1.5–2 mM (-10–2 min), 2–8 mM (2–13 min),
 8–28 mM (13–25 min), 28–35 mM (25–33 min),  
 35–65 mM (33–34 min), 65 mM (34–38 min)
Detection: Suppressed conductivity, Dionex ACES 300 Suppressor, 
 AutoSuppression, recycle mode
Samples: A: Water
 B: 50-fold dilution of a grape juice sample
 C: 0.2 mg/L arsenate spiked Sample B
  D: 0.5 mg/L arsenate spiked Sample B  
     
Peak  mg/L Peak mg/L 
1. Quinate 14.8 10. Malate/Succinate 39.7
2. Lactate  2.1 11. Malonate/Tartrate 63.6
3. Acetate 1.9 12. Sulfate   7.8
4. Formate  1.6 13. Oxalate  1.5
5. Pyruvate  0.4  14. Phosphate 9.2
6. Galacturonate 19.1  15. Unknown    na
7. Chloride  2.4  16. Arsenate* 
8. Nitrate  1.0  17. Citrate   3.9
9. Glutarate na  18. Isocitrate 0.7  
      19. trans-Aconitate na
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Note that the inset is a zoomed in view of the arsenate peak.
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Total Inorganic Arsenic in Fruit Juice

Figure 8-26. Inorganic anions, organic acids, and arsenate in a diluted mango juice sample.

Instrument: Dionex ICS-5000+ HPIC system
Column: Dionex IonPac AS11-HC-4µm column, 0.4 × 250 mm
Flow:  0.015 mL/min
Column Temp.: 30 °C 
IC Cube Temp.: 15 °C 
Injection Volume: 0.40 µL
Eluent Source: Dionex EGC-KOH cartridge (Capillary)
Gradient (KOH): 1.5–2 mM (-10–2 min), 2–8 mM (2–13 min),
 8–28 mM (13–25 min), 28–35 mM (25–33 min),  
 35–65 mM (33–34 min), 65 mM (34–38 min)
Detection: Suppressed conductivity, Dionex ACES 300 Suppressor, 
 AutoSuppression, recycle mode
Samples: A: Water
 B: 50-fold dilution of a mango juice sample
 C: 0.2 mg/L arsenate spiked into Sample B
 D: 0.5 mg/L arsenate spiked into Sample B
 
Peak  mg/L Peak mg/L 
1. Quinate 2.3 10. Maleate 0.3
2. Lactate  2.1 11. Sulfate   0.6
3. Acetate 2.2 12. Oxalate  0.2
4. Formate  0.5 13. Phosphate  1.0
5. Galacturonate 0.6  14. Arsenate* 
6. Chloride  0.5  15. Citrate   25.4
7. Nitrate  0.7  16. Isocitrate 0.3
8. Malate/Succinate 1.1  
9. Malonate/Tartrate 0.1
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Note that the inset is a zoomed in view of the arsenate peak.
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Total Inorganic Arsenic in Fruit Juice

Figure 8-27. Inorganic anions, organic acids, and arsenate in a diluted cranberry cocktail juice.

Instrument: Dionex ICS-5000+ HPIC system
Column: Dionex IonPac AS11-HC-4µm column, 0.4 × 250 mm
Flow:  0.015 mL/min
Column Temp.: 30 °C 
IC Cube Temp.: 15 °C 
Injection Volume: 0.40 µL
Eluent Source: Dionex EGC-KOH cartridge (Capillary)
Gradient (KOH): 1.5–2 mM (-10–2 min), 2–8 mM (2–13 min),
 8–28 mM (13–25 min), 28–35 mM (25–33 min),  
 35–65 mM (33–34 min), 65 mM (34–38 min)
Detection: Suppressed conductivity, Dionex ACES 300 Suppressor, 
 AutoSuppression, recycle mode
Samples: A: Water
 B: 50-fold dilution of a cranberry cocktail juice sample
 C: 0.2 mg/L arsenate spiked into Sample B
 D: 0.5 mg/L arsenate spiked into Sample B
     
Peak  mg/L Peak mg/L 
1. Quinate 38.8 10. Malate/Succinate 43.4
2. Fluoride  0.2 11. Maleate 0.8
3. Lactate  0.4  12. Sulfate   0.4
4. Acetate 0.6  13. Oxalate    –
5. Formate  0.2  14. Phosphate 0.8
6. Pyruvate  0.3  15. Unknown  na
7. Galacturonate 7.5  16. Arsenate* 
8. Chloride  0.3  17. Citrate   56.0
9. Nitrate  0.7  18. Isocitrate 0.4 
      19. trans-Aconitate 0.4

Note that the inset is a zoomed in view of the arsenate peak.
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Total Inorganic Arsenic in Fruit Juice

Figure 8-28. Inorganic anions, organic acids, and arsenate in diluted apple juice samples.

Instrument: Dionex ICS-5000+ HPIC system
Column: Dionex IonPac AS11-HC-4µm column, 0.4 × 250 mm
Flow:  0.015 mL/min
Column Temp.: 30 °C 
IC Cube Temp.: 15 °C 
Injection Volume: 0.40 µL
Eluent Source: Dionex EGC-KOH cartridge (Capillary)
Gradient (KOH): 1.5–2 mM (-10–2 min), 2–8 mM (2–13 min),
 8–28 mM (13–25 min), 28–35 mM (25–33 min),  
 35–65 mM (33–34 min), 65 mM (34–38 min)
Detection: Suppressed conductivity, Dionex ACES 300 Suppressor, 
 AutoSuppression, recycle mode
Samples: A: Water 
 B: 1 mg/L arsenate in water
 C: 50-fold dilution of apple juice Sample 1
 D: 0.50 mg/L arsenate spiked Sample C
 E: 50-fold dilution of apple juice Sample 2
 F: 50-fold dilution of apple juice Sample 3

Note that the inset is a zoomed in view of the arsenate peak.
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Sodium azide, a salt of hydrazoic acid, is a white 
crystalline solid that is highly toxic when ingested or 
inhaled. The salt readily dissolves in water to yield the 
azide anion(N3

–). Contact with water or acid causes 
release of hydrazoic acid (HN3), a gas with a sharp, 
disagreeable odor that is considerably more toxic than 
the salt. 

Azide

Structure of hydrazoic acid
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Figure 8-29. Determination of 10 mg/L azide spiked into 10-fold diluted green tea. 

Azide

Azide anions prevent the cells of the body from using oxygen, inhibiting 
the function of cytochrome oxidase by binding irreversibly to the heme 
cofactor. Fatal doses occur with exposures of 700 mg (10 mg/kg), but 
exposure to smaller doses can cause eye and skin irritation, headache, 
nausea, shortness of breath, dizziness, blurred vision, low blood pressure, 
or kidney damage. 

Sodium azide is used in automobile airbags, as a chemical preservative in 
hospitals and laboratories, in agriculture for pest control, in pharmaceutical 
manufacturing, and in detonators and other explosives. Azide is also 
of interest to forensic investigators. Several people were poisoned in 
Japan in 1998 when azide was added into tea and orange juice. Ion 
chromatography was a key tool in diagnosing the cause of this poisoning. 

Application Note 172 describes how to routinely monitor the azide anion 
in aqueous samples including water, food products, bodily fluids, and 
biological buffers by using a Reagent-Free IC system. 
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Minutes

Column:   Dionex IonPac AG15, AS15, 4 mm
Flow:   1.2 mL/min
Temperature: 30 °C
Injection Volume: 25 µL
Eluent:   42 mM KOH
Detection: Suppressed conductivity
 Dionex ASRS ULTRA II, recycle mode
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Peaks: 1. Fluoride 0.5   mg/L
 2. Chloride 0.6
 3. Oxalate 1.6
 4. Sulfate 1.7
 5. Azide 10.2
      

 

Download Application Note 172: Determination of Azide in Aqueous Samples by Ion Chromatography with Suppressed Conductivity Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-172-Determination-Azide-Aqueous-Samples-LPN1831.pdf
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Azide

Figure 8-30. Determination of 10 mg/L azide spiked into 10-fold diluted orange juice.
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Column:   Dionex IonPac AG15, AS15, 4 mm
Flow:   1.2 mL/min
Temperature: 30 °C
Injection Volume: 25 µL
Eluent:   42 mM KOH
Detection: Suppressed conductivity
 Dionex ASRS ULTRA II suppressor, 
 recycle mode

Peaks: 1. Fluoride 4.2   mg/L
 2. Sulfate 16.2
 3. Fumarate 74.2
 4. Azide 10.2
 5. Phosphate 31.0
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Biogenic amines are organic bases commonly present 
in living organisms, where they are responsible for many 
essential functions. Biogenic amines (BAs) in food and 
meat products are related to both food spoilage and 
food safety.

Biogenic Amines

Spoiled cheese
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Biogenic Amines 

Figure 8-31. Cation-exchange chromatographic separation of biogenic amines standard solution (5 mg/L each) using gradient elution with suppressed 
conductivity and MS detection.

Determination of biogenic amines (BA) (cadaverine, putrescine, 
spermidine, histamine, phenyethylamine, agmatine, and tyramine) in fresh 
and processed food is of great interest, not only because of their toxicity, 
but also because of their use as spoilage indicators.

Various HPLC methods have been developed for determination of 
BAs in foods, but due to lack of suitable chromophoric or fluorophoric 

groups, almost all of the proposed methods require pre- or postcolumn 
derivatization to provide sufficient sensitivity.

Such limitations can be overcome through the use of a novel cation-
exchange selectivity column coupled with conductivity and MS detection 
in series.
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SIM 146 m/z

SIM 89 m/z

SIM 112 m/z
SIM 103 m/z

SIM 131 m/z
SIM 122 m/z

Columns: Dionex IonPac CG17 (2 × 50 mm) and IonPac CS17 
 (2 × 250 mm)
Flow: 0.38 mL/min
Temperature: 40 °C
Injection Volume: 5 µL
Eluent:  MSA from EG50
Gradient: 7 min isocratic at 3 mmol/L MSA prior to injection, 
 then 6 min isocratic at 3 mmol/L, then in 20 min to 
 30 mmol/L for additional 14 min
Suppressor: Dionex CSRS ULTRA II suppressor (2 mm), 
 Current: 50 mA, 
Detection: 1) Conductivity
 2) MSQ, ESI+, needle voltage: 3.0 kV; 
 probe temperature: 400 °C; cone voltage: 
 50 V; dwell time: 0.2 s

Peaks: 1. Putrescine 89 m/z
 2. Cadaverine 103
 3. Histamine 112
 4. Agmatine 131
 5. Phenethylamine 122
 6. Spermidine 146
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Biogenic Amines in Meat Products 

Figure 8-32. Amounts of biogenic amines in raw or cooked ham are generally much lower than those in fermented sausage and far from any toxic level. 
Using conductivity detection a small amount of agmatine (Peak 4) was observed in cooked ham and  this was confirmed by MS.
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Columns: Dionex IonPac CG17 (2 × 50 mm) 
 and IonPac CS17 (2 × 250 mm)
Flow: 0.38 mL/min
Temperature: 40 °C
Injection Volume: 5 µL
Eluent:  MSA from EG50
Gradient: 7 min isocratic at 3 mmol/L MSA prior to injection, 
 then 6 min isocratic at 3 mmol/L, 
 then in 20 min to 30 mmol/L for additional 14 min
Suppressor: Dionex CSRS ULTRA II suppressor (2 mm), 
 Current: 50 mA, external water mode
Detection: 1. Conductivity
 2. MSQ, ESI+, needle voltage: 3.0 kV; 
  probe temperature: 400 °C; 
  cone voltage: 50 V; dwell time: 0.2 s

Peaks: 1. Putrescine   89 m/z
 2. Cadaverine 103
 3. Histamine 112
 4. Agmatine 131
 5. Phenethylamine 122
 6. Spermidine 146
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Biogenic Amines in Spoiled Products 

Figure 8-33. Determination of biogenic amines in spoiled Swiss cheese by (A) IPAD and (B) UV 
detection.
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B: UV
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Minutes

Column:   Dionex IonPac CG18, CS18, 2 mm 
Flow:   0.30 mL/min
Temperature: 40 °C
Injection Volume: 5 µL
Eluent: Methanesulfonic acid: 3 mM from 0–6 min, 3–10 mM from 6–10 min,
 10–15 min from 10–22 min, 15 mM from 22–28 min, 
 15–30 mM from 28-35 min, 45 mM from 35.1–40 min 
Eluent Source: EGC II MSA
Detection: A) Integrated pulsed amperometric detection
 B) UV absorbance at 276 nm
Postcolumn
Reagent: 0.1 M NaOH
PCR Flow Rate: 0.24 mL/min
                           A              B
Peaks: 1. Tyramine 1157 1139 mg/kg  
 

Another IC approach determining biogenic amines is a cation-exchange 
separation followed by electrochemical detection using integrated pulsed 
amperometry (IPAD) on a gold working electrode. IPAD can also be used 
a second detector after suppressed conductivity. A few biogenic amines 
have a good UV chromophore (e.g. tyramine) and can be detected in that 
manner after a cation-exchange separation. UV detection can also be 
used in combination with suppressed conductivity or IPAD detection.
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Biogenic Amines in Spoiled Products 

Minutes

Column:   Dionex IonPac CG18, CS18, 2 mm 
Flow:   0.30 mL/min
Temperature: 40 °C
Injection Volume: 5 µL
Eluent: Methanesulfonic acid: 3 mM from 0–6 min, 3–10 mM from 6–10 min,
 10–15 min from 10–22 min, 15 mM from 22–28 min, 
 15–30 mM from 28-35 min, 45 mM from 35.1–40 min 
Eluent Source: EGC II MSA
Detection: Suppressed conductivity, Dionex CSRS ULTRA II suppressor, 2 mm, 
 AutoSuppression, external water mode

                                                       A             B
Peaks: 1. Putrescine 0.65 9.5 mg/kg
 2. Cadaverine        —  3.1
 3. Histamine          —  1.6
 4. Agmatine 8.2 6.9
 5. Spermidine 7.6 14.3
 6. Spermine 46.6 32.1
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B: Stored at 25 °C for 2 weeks

A: Stored at 4 °C for 2 weeks
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Figure 8-34. Determination of biogenic amines in spoiled sausage by IC with suppressed conductivity 
detection. 

Download Application Note 183: Determination of Biogenic Amines in Fermented and Non-Fermented Foods  
Using Ion Chromatography with Suppressed Conductivity and Integrated Pulsed Amperometric Detections

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/57922-AN183_IC_BiogenicAmines_Food_23Aug07_LPN1889_02.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/57922-AN183_IC_BiogenicAmines_Food_23Aug07_LPN1889_02.pdf
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Biogenic Amines in Alcoholic Beverages 

Figure 8-35. Determination of biogenic amines in a California Cabernet Sauvignon by (A) IPAD and 
(B) UV absorbance detection.

Malolactic fermentation or the action of yeasts in primary fermentation 
has been associated with the production of biogenic amines such as 
tyramine, putrescine, cadaverine, histamine, and phenylethylamine in 
wine samples. Histamine can produce headaches, flushing of the face 
and neck, and hypotension, whereas some aromatic amines, such as 
tyramine and phenylethylamine, can cause migraines and hypertension. 
The concentration and content of biogenic amines in wines are variable 
depending on the storage time and conditions, quality of raw materials, 
and possible microbial contamination during the winemaking process. 

Putrescine, agmatine, spermidine, and spermine are considered natural 
beer constituents that primarily originate from malt. The presence of 
tyramine, cadaverine, and histamine, however, has been associated with 
the activities of contaminating lactic acid bacteria during the brewing 
process.

Application Note 182 describes a straightforward and direct way 
to measure biogenic amines in alcoholic beverages using ion 
chromatography with suppressed conductivity and integrated pulsed 
amperometric detection.

Download Application Note 182: Determination of Biogenic Amines in Alcoholic Beverages by Ion Chromatography with  
Suppressed Conductivity and Integrated Pulsed Amperometric Detections
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Peaks: 1. Tyramine 2.6 mg/L
 2. Putrescine 16.1
 3. Cadaverine      0.35
 4. Histamine 4.9
 5. Spermidine 1.7 
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Column: Dionex IonPac CG18, CS18, 2 mm
Flow: 0.30 mL/min
Temperature:  40 °C
Injection Volume: 5 µL
Eluent: Methanesulfonic acid: 
 3 mM from 0–6 min, 3–10 mM from 6–10 min, 
 10–15 mM from 10–22 min,15 mM from 22–28 min, 
 15–30 mM from 28–35 min, 30–45 mM from 35.1–45 min
Eluent Source: EGC II MSA
Detection: A. Integrated Pulsed Amperometric Detection
 B. Absorbance, 276 nm
Postcolumn
Reagent: 0.1 M NaOH
PCR Flow Rate: 0.24 mL/min

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/56196-AN182_IC_BiogenicAmines_Alcohol_14Aug2007_LPN1888_02.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/56196-AN182_IC_BiogenicAmines_Alcohol_14Aug2007_LPN1888_02.pdf
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Biogenic Amines in Alcoholic Beverages 

Figure 8-36. Determination of biogenic amines in wheat beer using suppressed conductivity 
detection.
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Column: Dionex IonPac CG18, CS18, 2 mm
Flow: 0.30 mL/min
Temperature:  40 °C
Injection Volume: 5 µL
Eluent: Methanesulfonic acid: 3 mM from 0–6 min, 
 3–10 mM from 6–10 min,10–15 mM from 10–22 min,
 15 mM from 22–28 min, 15–30 mM from 28–35 min, 
 30–45 mM from 35.1–42 min
Eluent Source: EGC II MSA
Detection: Suppressed conductivity, Dionex CSRS ULTRA II suppressor, 
 2 mm, AutoSuppression external water mode

Peaks: 1. Putrescine 6.6  mg/L  (ppm)
 2. Cadaverine    0.67
 3. Histamine 0.60
 4. Agmatine 7.70
 5. Spermidine  1.2
 6. Spermine  0.73
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Biogenic Amines in Alcoholic Beverages 

Table 8-5. Biogenic amine concentrations in stored alcoholic beverages determined by suppressed conductivity detection and IPAD.

Suppressed Conductivity Detection

Sample

Putrescine Cadaverine Histamine Agmatine Spermidine Spermine

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Wheat Beer #1a 6.4±0.0 96.0 0.28±0.02 91.4 0.54±0.02 95.4 9.1±0.0 102.3 0.45±0.01 101.0 0.47±0.02 113.0

Wheat Beer #2b 6.6±0.0 95.8 0.67±0.00 88.5 0.60±0.01 99.0 7.7±0.0 102.4 1.2±0.0 104.0 0.73±0.01 117.5

Lager Beerc 3.0±0.0 101.2 <DLd — 0.72±0.03 98.2 14.9±0.1 104.8 0.14±0.01 104.3 0.33±0.02 —

California Cabernet 
Sauvignona

19.4±0.1 97.6 0.79±0.00 103.1 5.51±0.06 103.7 0.37±0.00 89.3 1.9±0.0 101.6 0.19±0.01 121.9

Australian Cabernet 
Sauvignonb 7.1±0.1 95.8 0.53±0.01 88.5 0.84±0.03 99.0 0.23±0.02 95.8 1.4±0.0 104.0 0.21±0.02 100.0

Pinot Grigioc 1.7±0.0 103.5 <DL — <DL — <DL — <DL — <DL —

IPAD (post-suppression)

Sample

Putrescine Cadaverine Histamine Agmatine Spermidine Spermine

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Amount 
Found 
(mg/L)

Recov. 
(%)

Wheat Beer #1 6.2±0.1 96.0 <DL — <DL — 8.7±0.2 94.0 0.42±0.00 100.6 0.48±0.01 97.3

Wheat Beer #2 5.8±0.1 95.6 <DL — <DL — 7.2±0.1 87.2 1.2±0.0 95.4 0.67±0.03 110.8

Lager Beer 3.0±0.0 94.6 <DL — <DL — 14.5±0.1 93.7 <DL — <DL —

California Cabernet 
Sauvignon

22.1±0.4 106.5 <DL — 5.4±0.2 99.3 <DL — 2.0±0.1 100.6 <DL —

Australian Cabernet 
Sauvignon

6.9±0.3 103.6 <DL — 0.67±0.04 98.1 <DL — 1.5±0.0 104.9 <DL —

Pinot Grigio 1.5±0.1 100.7 <DL — <DL — <DL — <DL — <DL —

Stored at 4 °C for a3 weeks, b1 week, c2 weeks.
d<DL = less than the detection limit.



Contaminants

Table of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Bisphenol A (BPA) is widely used in high production 
volume manufacturing of polycarbonate plastics (e.g., 
food containers and plastic bottles) and epoxy resins. 
Current studies evaluating the impact of BPA on health 
and the environment have not reported conclusive 
results, however, actions have been taken proactively to 
protect sensitive populations. 

Bisphenol A
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Bisphenol A

Figure 8-37. SIM and TIC chromatograms of a bottled water sample spiked with 1 ppb BPA and 2 ppb phenols.

Bisphenol A by LC with MS Detection 
Canada proposed banning BPA to reduce the exposure for newborns 
and infants in 2009, and the U.S. Environmental Protection Agency (EPA) 
recently added BPA to its list of target chemicals for possible regulation. 
Octylphenol (OP) and nonylphenol (NP) are the degradation products of 
widely used nonionic surfactants: alkylphenol ethoxylates. The estrogenic 

and toxic effects of OP and NP have been well studied and reported. 
Recent reports show NP being detected in food and food wraps, posing 
more concerns for food safety and food packaging.

The application described here is a high-throughput LC-MS method for 
simultaneous quantitative analysis of BPA, 4-t-OP, 4-n-OP, and 4-n-NP.
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System:          UltiMate 3000 HPLC
Column:          Acclaim PA2 RSLC column, 2.1 × 50 mm, 2.2 µm
Flow:      0.5 mL/min
Temperature: 30 °C
Injection Volume:  100 µL
Mobile Phase:  Methanol and DI water gradient:
 75% to 95% methanol from 0.1 to 1.3 min, 
 hold for 1.1 min and return to initial condition,
 and equilibrate for 1 min 
Analyte:         BPA 1 ppb and phenols 2 ppb in bottled water sample

Mass Spectrometric Conditions
System: MSQ Plus single quadrupole mass spectrometer
Interface:   APCI
Probe Temp:  500 °C
Nebulizer Gas: Nitrogen at 55 psi
Corona Current:  50 µA
Detection Mode:  Negative SIM
 Cone voltage set at 65 V for all SIM scans
 BPA:    227 m/z
 BPA-IS:  241 m/z
 4-t-OP: 205 m/z
 4-n-OP: 205 m/z
 4-n-NP: 219 m/z

4-n-NP

SIM_01: 205 m/z 

SIM_04: 221 m/z 

SIM_03: 227 m/z 

SIM_02: 219 m/z 
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Bisphenol A

Figure 8-38. Chemical structures of Bisphenols A and B.

Figure 8-39. Gradient chromatogram of bisphenols, phytoestrogens, and DES standards.

Bisphenol A by HPLC with Electrochemical 
Array Detection
Xeonestrogens are a diverse group of compounds found in the 
envirnonment that mimic the effects of endogenous estrogens. 
Xenoestrogens bio-accumulate in higher organisms that form part of 
the human diet. Evidence suggests that exposure to xenoestrogens may 
be associated with increased incidence of  cancer. Bisphenols A and B 
are monomers used in the production of epoxy resins and plastics that 
are used in food and drink packaging, as coatings in metal cans and in 
microwave susceptors (used to crispen food). 

Presented here is a general method using gradient HPLC and 
electrochemical array detection capable of measuring Bisphenol A  
and B, a number of phytoestrogens and diethylstibestrol (DES). The 
method can be applied to foods, and has sufficient sensitivity and 
selectivity to measure analytes in plasma.
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Bisphenol A

Bisphenol B

Column:  C18 (3 × 150; 3 µm)
Flow:  0.6 mL/min
Column Temp.:  Ambient
Injection Volume:  20 µL
Mobile Phase:  A: 50 mM Sodium acetate (pH 4.8); methanol (80:20 v/v)
 B: 50 mM Sodium acetate (pH 4.8); methanol; acetonitrile (40:40:20 v/v/v)
Detector:  CoulArray
Applied potentials (mV):  +380, +400, +440, +500, +560, +620, +680, +760

0 2015105 25

Download Application Brief 161: Determination of Bisphenols Using HPLC-ECD

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/AB-161-Determination-Biphenols-AB71122-EN.pdf
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Figure 8-40. Recovery of bisphenol-A diglycidyl ether (BADGE) and related impurities from canned tuna using the 
Acclaim 120 C18 RSLC column.

Bisphenol-A Diglycidyl Ethers 
BADGE is a widely-used epoxy monomer derived from bisphenol-A. 
Because epoxies are used in food-contact applications, the residues of 

this group of substances are of concern to public health officials. 
Dionex Accelerated Solvent Extraction technology rapidly extracts the 
residues, then the RSLC system rapidly quantifies them.
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Chromatograms:
A. Standards, 16.7 μg/mL in acetonitrile
B. Tuna canned in water, control
C. Tuna canned in water, spiked 20 mg/kg
D. Tuna canned in oil, control
E. Tuna canned in oil, spiked 20 mg/kg

Pump:  UltiMate HPG-3200 RS
Column:  Acclaim 120 C18 RSLC, 2.2 μm,
 2.1 × 50 mm
Flow:  0.49 mL/min
Temperature:  TCC-3000 RS thermostat at 30 °C
Injection:  WPS-3000 RS sampler at 0.7 μL
Mobile Phases:  A: Methanol
 B: Water

Gradient:  –4.5 0.0 0.1 1.8 3.5
 %A 50 50 50 80 80
 %B  50 50 50 20 20
 sample loop bypass at 0.2 min

Detector:  DAD-3000 RS, UV 277 and 228 nm
Sample Prep:  ASE extraction of 5 g sample
 with 60 mL of 4:1 hexane:acetone
 at 100 °C. Dry over anh. Na

2
SO

4
,

 then evaporate to ~ 10 mL.
 Extract with 3 × 2 mL of acetonitrile

Peaks:  1. BADGE-2H
2
O

 2. Bisphenol-A
 3. BADGE-H

2
O

 4. BADGE-H
2
O-HCl

 5. BADGE
 6. BADGE-HCl
 7. BADGE-2HCl

3.02.01.00 3.4
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The N-methylcarbamates and the N-methylcarbamoximes 
are among the most widely used pesticides in agriculture. 
Because these pesticides may create health  
problems – including issues impacting the central 
nervous and reproductive systems – concerns over the 
presence of carbamate residues in water, crops, and 
food products have promoted increased awareness and 
testing for these compounds.

Carbamate Pesticides 
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Carbamate Pesticides in Rice 

Figure  8-41. Chromatograms of extracts of carbamate standard- spiked rice samples (2 μg/L each) 
after acetonitrile and salt-out extractions (A) without and (B) with SPE using PSA. 

For the detection of carbamate residues in food matrices, sample 
preparation is key for a sensitive determination. The work shown here 
uses a two-step sample preparation method that first uses a salting-out 
extraction to extract the target analytes, then a dispersive solid-phase 
extraction (dSPE) to remove sugars, lipids, organic acids, sterols, proteins, 
and pigments. Similar methods are now available, such as AOAC 
2007.01 Method11 by the Association of Official Analytical Chemists 
(AOAC) in the United States, and the European equivalent, EN 15662. 

Fluorescence Detection
The separation is performed on an Acclaim Carbamate column with 
detection by a FLD-3400RS fluorescence detector. The chromatography 
method is based on a reversed-phase separation of the carbamates 
with subsequent derivatization by o-Phthalaldehyde (OPA) followed by 
fluorescence detection.. 
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Guard Column: Acclaim Carbamate, 3.0 × 10 mm, 3 µm
Analytical Column: Acclaim Carbamate, 3.0 × 150 mm, 3 µm
Flow: 0.9 mL/min
Column Temperature:  50 °C
Injection Volume: 50 µL   
Mobile Phase: Methanol - H

2
O, in Gradient: 

 Methanol, -4.0–0.0 min, 14%; 
 2.0 min, 20%; 
 8.0 min, 40%; 13.6–16 min, 70%
Post Column Reagent 1: 0.2% NaOH, first reaction coil at 100 °C
Post Column Reagent 2: OPA regent, second reaction coil 
 at room temperature
Flow Rate of 
Reagent 1 and 2:   0.3 mL/min
Fluorescence Detection: Excitation, 330 nm; emission, 465 nm
Chromatograms: (A) without dSPE; and 
 (B) with dSPE using PSA
 (Primary secondary amine Bonded Silica) 

Peaks: 
1. Aldicarb sulfoxide
2. Aldicarb sulfone
3. Oxamyl
4. Methomyl
5. 3-Hydroxy carbofuran
6. Aldicarb
7. Propoxur
8. Carbofuran
9. Carbaryl
10. 1-Naphthol
11. Methiocarb
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Carbamate Pesticides in Corn and Potato 

Figure 8-42. Chromatograms of extracts of carbamate standard- spiked corn samples (2 μg/L each) 
after acetonitrile and salt-out extractions (A) without and with dSPE using (B) PSA and (C) activated 
carbon. For conditions and name key see Figure 8-35.

Figure 8-43. Chromatograms of extracts of carbamate standard- spiked potato samples (2 μg/L 
each) after acetonitrile and salt-out extractions (A) without and with dSPE using (B) PSA, (C) activated 
carbon, and (D) mixture of PSA and activated carbon (1:1, w/w). For conditions see Figure 8-35.

Fluorescence Detection
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Carbamate Pesticides 

Figure 8-44. Analysis of Carbamate pesticides by LC-MS.

MS Detection
Carbamate pesticides can be separated using a 2.1 × 150 mm Acclaim 
Carbamate column and detected using MS. This method has been 
successfully applied to the determination of carbamates in various types 
of water samples.

5 8 10 12 14 16 18

8.0E5
In

te
ns

ity
 (c

ou
nt

s)

Minutes

21 4
3 5

6
7

8

9
10

5

2

3

10

1

8

9

7

6
4

SI
M

 C
hr

om
at

og
ra

m
s

Chromatographic Conditions
System: UltiMate 3000 HPLC system
Column: Acclaim Carbamate (2.1 × 150 mm, 3 µm)

Flow: 300 µL/min
Injection Volume: 20 µL
Mobile Phase:   A) Methanol
 B) 1.0 mM Ammonium formate
 C) Water

 Time (min) A% B% C%
 –4.0 10 5 85
 0.0 10 5 85
 2.0 10 5 85
 15.0 65 5 30
 15.1 90 5 5
 20.0 90 5 5
Detector: MSQ Plus single quadrupole mass spectrometer

Mass Spectrometric Conditions
Ionization interface: Electrospray Ionization (ESI) positive mode
Detection mode:  Selected Ion Monitoring (SIM)

6
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Carbendazim is a fungicide used in many countries to 
improve crop production; however, its slow degradation 
rate and high toxicity may be damaging to human health. 

Carbendazim
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Carbendazim

Figure 8-45. Chemical structure of carbendazim.

Figure 8-46. Samples of (A) carbendazim standard (5 μg/L), (B) orange juice, and (C) blank. 

China regulates the maximum residue limit of carbendazim in foods at 0.5 
mg/kg. In the U.S., the Environmental Protection Agency has not approved 
carbendazim for use as a fungicide on oranges, nor has it established a 
tolerance,or an exemption from the need for a tolerance, for carbendazim 
in orange juice. Thus, carbendazim in orange juice is an unlawful pesticide 
chemical residue under the U.S. Federal Food, Drug, and Cosmetic Act. 
Therefore, it is necessary to establish efficient analytical methods to detect 
the presence of the pesticide residue at low concentrations. 

Sample preparation is key for the sensitive determination of carbendazim 
in orange juice, a complex sample matrix. On-line SPE ensures analytical 
success.
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On-Line SPE
Column: Acclaim Trinity P1, 3 µm Analytical, 3.0 × 100 mm
Flow: 0.7 mL/min
Injection Volume: 1000 µL onto the on-line SPE cartridge
Mobile Phase: A, Methanol; B, H

2
O

Gradient: B, 0–2 min, 100%; 2.1–4.5 min, 50%; 
 6.6–10 min, 100%

Separation
Column: Acclaim PA2, 3 µm Analytical, 3.0 × 150 mm
Flow: 1.0 mL/min
Temperature : 30 °C
Mobile Phase: A, Acetonitrile; B, 100 mM Ammonium Acetate
Gradient: B, 0–3 min, 100%; 6.5 min, 50%; 6.6–10 min, 100%
Detection: UV absorbance at 285 nm
MSV Time 
  Program: 0 min, 1_2
 2.0 min, 6_1
 4.5 min, 1_2

Peak: 1. Carbendazim
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Clenbuterol, ractopamine, and phenolethanolamine are 
β2-agonists that can stimulate the nervous system. They 
have been extensively used as growth stimulants in farm 
animals and by athletes seeking enhanced performance. 

Clenbuterol, Ractopamine,  
and Phenolethanolamine 
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Clenbuterol, Ractopamine, and 
Phenolethanolamine in Meat

Figure 8-47. Structures of clenbuterol, ractopamine, and phenolethanolamine.

Abuse of clenbuterol, ractopamine, and phenolethanolamine can cause 
side effects in humans (e.g., increased heart rate and blood pressure, 
anxiety, palpitation, and skeletal muscle tremors). Therefore, clenbuterol – 
the most effective β2-agonist used as a growth-promoting agent for farm 
animals – has been banned as a food/feed additive in many countries, 
including the USA, European Union (EU), and People’s Republic of China. 
Ractopamine was commercially developed in the USA, where its use is 
authorized; however, in the EU and People’s Republic of China, the use of 
ractopamine is completely banned.

Phenolethanolamine – recently introduced as a new β2-agonist – already 
has been banned in the People’s Republic of China.

Application Brief 154 discusses a sensitive and rapid HPLC method 
with on-line SPE and UV detection for simultaneous determination of 
clenbuterol, ractopamine, and phenolethanolamine in meat.
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Download Application Brief 154: Rapid and Sensitive Determination of Clenbuterol, Ractopamine, and Phenolethanolamine in Meat

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Chromatography%20Sample%20Preparation%20Equipment/AB-154-Clenbuterol-Ractopamine-Phenolethanolamine-Meat-AN70935-EN.pdf


ContaminantsTable of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Clenbuterol, Ractopamine, and 
Phenolethanolamine in Meat

Figure 8-48. (A) A mixture of standards and (B) an extracted pork sample.
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On-Line SPE Conditions
Cartridge: Dionex SolEx SPE, 2.1 × 20 mm (P/N 074400), 
 with V-3 Cartridge Holder (P/N 074403) 
Mobile Phase: A: 1.0 mM Na

2
HPO

4
/4.0 mM NaH

2
PO

4
/

  0.1 mM Na
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2
O

7
 (pH 6, dissolve 0.178 g of Na

2
HPO

4
·2 H

2
O, 

  0.624 g of NaH
2
PO

4
·2 H

2
O, and 0.266 g of Na

4
P

2
O

7

   in 1 L deionized [DI] water, without pH adjustment)
 B: CH

3
CN

Gradient: 0–3 min, 0% B; 3–6.6 min, 0–50% B; 
 6.6–8 min, 50% B; 8.1–10 min, 0% B
Flow Rate: 0.4 mL/min
Injection Volume: 2500 µL on the on-line SPE cartridge

Separation Conditions
Column:  Acclaim Polar Advantage, 
 3 µm Analytical, 3.0 × 150 mm (P/N 063693)
Flow: 0.6 mL/min
Temperature: 25 °C
Mobile Phase: A. 12.5 mM HCOONH

4
/50 mM HCOOH (pH 3,

  dissolve 0.788 g of HCOONH
4
 and 1.87 mL of

  HCOOH [99%] in 1 L DI water, without pH adjustment)
 B. CH

3
CN

 C. H
2
O

Gradient: 0–3 min, 20% A, 5% B; 0–3 min, 20% A, 5% B;
 3–6.5 min, 20% A, 5–65% B; 6.5–8 min, 20% A, 65% B; 
 8.1–10 min, 20% A, 5% B
Detection: UV, absorbance at 210 nm
Valve Position: 0 min, 1_2; 2.9 min, 6_1; 8 min, 1_2

Samples: A. Mixture of standards (200 µg/L each)
 B. Pork

Peaks: 1. Clenbuterol       
 2. Ractopamine
 3. Phenolethanolamine 
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Cyanide is a well known acute toxin that prevents 
cellular respiration by irreversibly binding with the iron in 
cytochrome C oxidase. In addition, thiocyanate, which is 
metabolized from cyanide, interferes with iodine uptake 
by the thyroid gland, causing goiters and other long-term 
iodine deficiency diseases. 

Cyanide

Structure of cyanide



ContaminantsTable of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Cyanide

Figure 8-49. Treated city of San Jose drinking water with and without 10 μg/L of cyanide. 

Cyanide occurs naturally in many foods (cassava, sorghum, African 
lima beans, bamboo shoots, bitter almonds, and apricot, cherry, and 
peach pits) and is naturally generated by microorganisms. Cyanide is 
used in many industries (e.g., plating and mining) and it can be released 
into the air from burning coal and plastics. In the U.S., drinking water 
contamination with cyanide is typically from an industrial source or 
leached from waste sites. 

Cyanide is regulated as an environmental contaminant by the United 
States Environmental Protection Agency (EPA) for drinking water, surface 
water, and wastewater due to these health concerns. Total cyanide is 
defined by the EPA as free cyanide ion and complex cyanides that are 
converted to hydrocyanic acid (HCN) during strong acid digestion. More 
recently, total cyanide also includes ferrocyanide and ferricyanide due to 
free cyanide formed by exposure to light. For drinking and surface  
waters, the EPA has established a maximum contamination level (MCL) of 
200 μg/L free cyanide determined by a total cyanide assay. To determine 
total cyanide, the sample is digested with sulfuric acid to convert the 
cyanide to hydrogen cyanide gas, aspirated into a strong caustic solution, 
then assayed. 

Application Notes 173 and 227 describe ion chromatography with pulsed 
amperometric detection methods for the determination of cyanide in 
drinking water.

2 5 10 15 20 25
6.45

7.20

Minutes

nC

A

B1

Column:   Dionex IonPac AS15 and Guard, 2 mm
Flow:   0.25 mL/min
Column Temp: 30 °C
Injection Volume: 10 µL
Eluent:   63 mM Sodium hydroxide 
 (31.5% Eluent B, 
 200 mM sodium hydroxide)
Tray Temp: 10 °C
Detection: PAD, Cyanide waveform
Samples: A) Alamitos Creek region of San Jose treated
  with sodium hydroxide
 B) Spiked with 10 µg/L cyanide

Peaks: 1. Unknown      
 2. Unknown
 3. Cyanide 10 µg/L
 4. Bromide2

3

4

Download Application Note 173: Direct Determination of Cyanide in Drinking Water by Ion Chromatography with  
Pulsed Amperometric Detection

Download Application Note 227: Determination of Total Cyanide in Municipal Wastewater and Drinking Water Using  
Ion-Exclusion Chromatography with Pulsed Amperometric Detection (ICE-PAD)

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/AN-173-Determination-Cyanide-Drinking-Water-AN71020-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/AN-173-Determination-Cyanide-Drinking-Water-AN71020-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/AN-227-Cyanide-Municipal-Wastewater-Drinking-Water-ICE-PAD-AN70902-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/AN-227-Cyanide-Municipal-Wastewater-Drinking-Water-ICE-PAD-AN70902-EN.pdf
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Cyanide

Figure 8-51. Comparison of A) Municipal drinking water and B) Sample A with 1 μg/L  
cyanide added.

Figure 8-50. Treated city of Sunnyvale drinking water with and without 10 μg/L of cyanide. 

2 5 10 15 20 25
5.5

6.5

Minutes

nC

A

B
1

2

3

4

Column:   Dionex IonPac AS15 and Guard, 2 mm
Flow:   0.25 mL/min
Column Temp: 30 °C
Injection Volume: 10 µL
Eluent:   63 mM Sodium hydroxide 
 (31.5% Eluent B, 
 200 mM sodium hydroxide)
Tray Temp: 10 °C
Detection: PAD, Cyanide waveform
Samples: A) City of Sunnyvale drinking water 
  (sampled in the fall), treated
 B)  Sample A spiked with 10 µg/L cyanide
Peaks: 1. Unknown      
 2. Chloride
 3. Cyanide 10 µg/L
 4. Unknown

0 10 20 30
106

112

1
2 3 4

5

nC

Minutes

B

A

Column: Dionex IonPac ICE-AG1, 
 Dionex IonPac ICE-AS1 (4 mm)
Flow: 0.2 mL/min
Temperature:  30 °C
Injection Volume: 50 µL
Eluent: 50 mM methanesulfonic acid 
Detection: PAD, Pt (Disposable)
Sample Prep.: MICRO DIST acid digestion
Samples: A: Municipal drinking water +  base
 B: Sample A + 1 µg/L cyanide

Peaks: A B
 1. Unknown — — µg/L
 2. Cyanide 0.67 1.61
 3–5. Unknown — —

15.40 16.60
106.5

106.8

B
A

2

nC

Minutes

Did You Know?
	 Cyanide is released from natural food substances, including lima beans and 

almonds. It is also found in the pits of various fruits including peaches, apricots, 
and apples.
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Glyphosate is a broad-spectrum herbicide with low 
mammalian toxicity. The herbicide’s widespread use 
makes it a possible contaminant in ground water and 
eventually drinking water. 

Glyphosate

Glyphosate structure
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Glyphosate

Figure 8-52. Glyphosate in a milkweed sample. Total concentration of glyphosate = 23 μg/g of plant 
material. Injection volume = 50 μL.

The U.S. EPA has established Method 547 to monitor glyphosate in 
drinking water. Glyphosates can also contaminate plants used in botanical 
supplements.

This application details a convenient chromatographic method for the 
analysis of glyphosate and its primary metabolite, aminomethylphosphonic 
acid (AMPA). Because glyphosate has been shown to rapidly decompose 
in chlorinated water, AMPA is the species most likely to be found in 
drinking water matrices.

Download Application Note 109: Determination of Glyphosate by Cation-Exchange Chromatography with Postcolumn Derivatization

100
Minutes

2 4 6 8 12 14 16 18 20

0

1

RFU

0.04

Column : Glyphosate Column, cation exchange, 4 mm × 150 mm, 8 µm 
 and guard,  cation exchange, 3 mm × 20 mm × 8 µm
Flow: 0.40 mL/min 
Temperature: 55 °C
Eluents: A: Potassium phosphate;  B: Potassium hydroxide
Gradient: Time (min): A (%) B (%)
 0 100 0
 15 100 0
 15.01 0 100
 17 100 0
 25 100 0
Postcolumn Reagent 1: Oxidizing reagent at 36 °C
Flow Rate: 0.300 mL/min
Reagent 2: OPA reagent, ambient
Flow Rate: 0.300 mL/min
Fluorescence: Excitation: 330 nm
 Emission: > 460 nm (cut-off filter)

Peak: 1. Glyphosate 0.84 mg/mL

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-109-Determination-Glyphosate-CEX-Postcolumn-Derivatization-LPN0663.pdf
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Cooking oils come from a variety of sources, including 
olive, rapeseed, peanut, grapeseed, mustard, corn, 
and many others. Gutter oil  is a term used to describe 
illicit cooking oil which has been recycled from waste oil 
collected from sources such as restaurant fryers, sewer 
drains, and slaughter houses. Cooking oil must  be 
monitored for quality and contamination.  

Gutter Oil
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Gutter Oil

When cooking oil is heated, it can undergo many chemical changes 
including oxidation of unsaturated fatty acids, triglyceride decomposition, 
and the formation of potentially cytotoxic oxidation products such as 
4-hydroxy-trans-2-nonenal (HNE) and other aldehydes. Rancidity during 
long term storage can also occur and is associated with the content of 
polyunsaturated fatty acid content. Although these issues make used oil 
unfit for use in the kitchen, and unhealthy for human consumption, it can 
still act as a useful resource as a raw material for biofuels production. As 
there is a significant price difference between high quality cooking oils and 
lower quality biofuel raw materials, the possibility exists for unscrupulous 
people to filter and decolorize used cooking oils and sell them as high 
quality cooking oils. Such treated used oils are referred to as gutter oils 
(GO). Poster Note 70536 describes HPLC Charged Aerosol Detection 
based methods to identify GOs from cooking oils, based on the lipid 
profiles.

Download Poster Note: Characterization of Used Cooking Oils by High Performance Liquid Chromatography and  
Corona Charged Aerosol Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/Liquid%20Chromatography%20Modules/Detectors/PN-70536-Used-Cooking-Oils-HPLC-CAD-AOCS-2014-PN70536-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/Liquid%20Chromatography%20Modules/Detectors/PN-70536-Used-Cooking-Oils-HPLC-CAD-AOCS-2014-PN70536-EN.pdf
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Gutter Oil

Figure 8-53. HPLC-Corona charged aerosol detector chromatogram of unused soybean oil and 
five gutter oils, normalized to the equivalent carbon number (ECN) 46 peak. While soybean oil 
is primarily composed of triglycerides, GOs also contain free fatty acids, monoglycerides, and 
diglycerides.

Time (min) %A %B %C

-5.0 100 0 0

0.0 100 0 0

1.0 100 0 0

2.0 50 50 0

15.0 45 55 0

23.0 0 100 0

30.0 0 100 0

60.0 0 35 65

Time (min) %A %B %C

-5.0 0.0 66.7 33.3

0.0 0.0 66.7 33.3

1.7 0.0 66.7 33.3

2.7 33.3 33.3 33.3

15.7 40.0 26.7 33.3

23.7 66.7 0.0 33.3

30.7 66.7 0.0 33.3

60.7 66.7 33.3 0.0

Table 8-6. Elution gradient.

Table 8-7. Inverse gradient.

440

-150

pA

5040302010 60.70
Minutes

HPLC Column:   Accucore C8, 2.6 µm 4.6 × 150 mm HPLC 
Flow: Elution pump: 0.8 mL/min, 
 Inverse gradient pump: 1.2 mL/min
Column Temp.: 40 °C
Injection Volume:   5 µL
Mobile Phase:  A: Methanol/water/acetic acid (650:350:4)
 B: Acetonitrile
 C: Isopropyl alcohol
Nebulizer Temperature:  20 °C
Sample Temperature:   20 °C
Gradient: See below
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Hexavalent chromium, Cr(VI), is the most toxic form of the 
metal chromium, a primary drinking water contaminant in 
the U.S.

Hexavalent Chromium
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Hexavalent Chromium

Dissolved hexavalent chromium can be determined as chromate  
(CrO

4
2–) by ion chromatography in drinking water, groundwater, and 

industrial wastewater effluents as described in U.S. EPA Method 218.6 
and Dionex, now part of Thermo Scientific, Technical Note 26. Technical 
Note 26 uses a 250-µL injection onto a high-capacity Dionex IonPac AS7 
anion exchange column to separate Cr(III) from Cr(VI) in four minutes. The 
product of the postcolumn reaction between Cr(VI) and diphenylcarbazide 
is detected by absorbance at 530 nm, yielding a method detection limit 
of 0.4 µg/L in reagent water.

The California Department of Health Services (DHS) issued a Public 
Health Goal (PHG) of 2.5 µg/L for total chromium and 0.2 µg/L for Cr(VI). 
In January 2001, California DHS added Cr(VI) to the list of unregulated 
chemicals that must be monitored. As a result of this regulation, public 
water systems are monitoring Cr(VI) in drinking water. EPA Method 218.6 
does not allow sufficient sensitivity for analysis at the California PHG 
level of 0.2 µg/L. Thermo Scientific Application Update 144 describes 
modifications to Method 218.6 that significantly increase sensitivity 
over the existing method. The modifications include lower eluent and 
postcolumn reagent (PCR) flow rates, a larger reaction coil, and a larger 
injection volume. The resulting MDL for Cr(VI) as CrO

4
2– of 0.02 µg/L is 

more than sufficient for determinations at the California PHG level.

More recently, Thermo Fisher Scientific designed an even more sensitive 
Cr(VI) assay that resulted in the US EPA Method 218.7. This work is 
detailed in Application Update 179.

Download Technical Note 26: Determination of Cr(VI) in Water, Waste Water, and Solid Waste Extracts

Download Application Update 144: Determination of Hexavalent Chromium in Drinking Water Using Ion Chromatography

Download Application Update 179: Sensitive Determination of Hexavalent Chromium in Drinking Water

Figure 8-54. Determination of chromate in drinking water.

0

0.002

0 4 6 8

AU

Minutes
2

B

A

Column:  Dionex IonPac‚ NG1, AS7
Flow:  1.0 mL/min
Injection Volume:  1000 µL
Eluent:  250 mM (NH

4
)
2
 SO

4
, 100 mM NH

4
OH

Post-column Reagent:  2 mM diphenylcarbazide,
 10% CH

3
OH, 1N H

2
SO

4

RXN Coil:  750 µL
Detector:  UV/Vis (530 nm)
Sample:  Sunnyvale, CA tap water spiked with 0.2 µg/L Cr(VI)

  A B
Peaks: 1. Chromate 0.055 µg/L 0.245 µg/L

1

1

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4428-TN26_LPN034398-02.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/4242-AU144_LPN1495.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/AU-179-Sensitive-Determination-Hexavalent-Chromium-Drinking-Water-AU70415-EN.pdf
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Hydroxymethylfurfural (HMF), or 5-hydroxymethyl-2-
furaldehyde, is a water-soluble heterocyclic organic 
compound derived from sugars. Very low amounts of this 
compound are naturally found in fresh sugar-containing 
foods including milk, honey, fruit juices, spirits, and bread. 

Hydroxymethylfurfural
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Hydroxymethylfurfural

Besides occurring naturally, HMF is produced during food pasteurization 
and cooking as a result of dehydration of sugars such as glucose and 
fructose and in the initial stages of the Maillard reaction, a reaction 
between sugars and proteins responsible for changes in color and 
flavor of food. HMF is also formed during extended food storage under 
acidic conditions that favor its generation. Therefore, it is an indicator of 
excessive heat-treatment, spoilage, and of possible adulteration with other 
sugars or syrups.

Although HMF is not yet considered a harmful substance, the National 
Institute of Environmental Health Sciences nominated HMF for toxicity 
testing based on the potential for widespread exposure through 
consumed foods, and evidence for carcinogenic potential of other 
members of this class. As a result, many countries impose restrictions on 
maximum levels of HMF in food and beverages. 

Application Note 270 describes a high-performance anion-exchange 
chromatography with pulsed amperometric detection (HPAE-PAD)-based 
method for the determination of HMF in samples ranging from food 
(honey and pancake syrup) to treated biomass (corn stover and wood 
acid hydrolysate).

Download Application Note 270: Determination of Hydroxymethylfurfural in Honey and Biomass

Figure 8-56. HMF in thermally stressed honey.
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Minutes

60

98

nC
 

2

A
B

A. Thermally stressed honey
B. HMF standard

Column:  Thermo Scientific™ Dionex™ 
 CarboPac™ PA1, Analytical, 4 × 250 mm
 Dionex CarboPac PA1, Guard, 
 4 × 50 mm
Flow:  1.0 mL/min
Temperature: 30 °C 
Injection Volume: 10 µL (full loop)
Eluent: 50 mM KOH 
Eluent Source: Dionex EGC II KOH Cartridge 
Detection:  PAD (Au)

Peaks: 
1. Glycerol   –  µg/mL
2. HMF 3.4
3. Glucose –
4. Xylose –
5. Fructose –
6. Sucrose –

Figure 8-55. 5-Hydroxymethylfurfural structure.

HO

O

O

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/109807-AN270-IC-HMF-Honey-Biomass-AN70488_E.pdf


ContaminantsTable of Contents

Introduction

Analytical Technologies

Acrolein

Acrylamide

Aflatoxins

Aniline and Nitroanilines

Antibiotics

Aristolochia

Arsenic

Azide

Biogenic Amines

Bisphenol A

Carbamate Pesticides

Carbendazim

Clenbuterol, Ractopamine, and

Phenolethanolamine

Cyanide

Glyphosate

Gutter Oil

Hexavalent Chromium

Hydroxymethylfurfural

Inorganic Anions in Water

Microcystins

Nitrate and Nitrite

Oxyhalides and Bromide in Water

Patulin

Perchlorate

Phenylurea Compounds

Phthalates

Polycyclic Aromatic Hydrocarbons

Triazine Herbicides

References

Hydroxymethylfurfural

Figure 8-57. HMF in pancake syrup (high-fructose corn syrup).
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Column: Dionex CarboPac PA1, Analytical, 4 × 250 mm
 Dionex CarboPac PA1, Guard, 4 × 50 mm
Flow: 1.0 mL/min
Temperature: 30 °C 
Injection Volume: 10 µL (full loop)
Eluent: 50 mM KOH 
Eluent Source: Dionex EGC II KOH cartridge
Detection:  PAD (Au)
Peaks: 1. Glycerol –     µg/mL
 2. HMF 0.42
 3. Glucose, Fructose –
 4. Sucrose –

Did You Know?
•	 HMF can be used as an indicator of excessive heat treatment

•	 HMF is also found in cigarette smoke and glucose syrup.
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The determination of common inorganic anions in 
drinking water is one of the most important applications 
of ion chromatography worldwide. The National Primary 
Drinking Water Standards in the United States specify 
a Maximum Contaminant Level (MCL) for a number of 
inorganic anions, including fluoride, nitrite, and nitrate. 

Inorganic Anions in Drinking Water
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Inorganic Anions in Drinking Water

Maximum Contaminant Levels (MCLs) are specified to minimize potential 
health effects arising from the ingestion of these anions in drinking 
water. High levels of fluoride cause skeletal and dental fluorosis, and 
nitrite and nitrate can cause methemoglobulinemia, which can be fatal 
to infants. Other common anions, such as chloride and sulfate, are 
considered secondary contaminants. The National Secondary Drinking 
Water Standards in the U.S. are guidelines regarding taste, odor, color, 
and certain aesthetic characteristics. Although these guidelines are not 
federally enforced, they are recommended to all states as reasonable 
goals and many states adopt their own regulations governing these 
contaminants.

Ion chromatography (IC) has been approved for compliance monitoring 
of these common inorganic anions in U.S. drinking water since the 
mid-1980s, as described in U.S. EPA Method 300.0. Application Notes 
133 and 140 describe IC with suppressed conductivity methods for ion 
analysis in drinking water that are consistent with U.S. EPA Method 300.0.

U.S. EPA Method 300.0 (Part A) describes the use of a Dionex IonPac 
AS4A anion-exchange column using a carbonate/bicarbonate eluent 
and suppressed conductivity detection for the determination of inorganic 
anions in environmental waters, such as drinking water, wastewater 
(mixed domestic and industrial), groundwater, and aqueous solid extracts. 
However, the method allows for alternative columns, eluents, suppression 
devices, and detectors to be used—provided that equivalent or better 
performance for the method is obtained and that the quality assurance 
requirements are met, including an initial demonstration of capability. 

Figure 8-58. Determination of inorganic anions in drinking water using a Dionex IonPac AS4A-SC 
column.
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Column:  Dionex IonPac AG4A-SC, AS4A-SC
Flow:  2.0 mL/min
Injection Volume:  50 µL
Eluent:  1.7 mM Sodium bicarbonate/
 1.8 mM Sodium carbonate
Detection:  Suppressed conductivity, 
 Dionex ASRS-ULTRA suppressor, recycle mode

Peaks:  1. Fluoride  0.03  mg/L (ppm)
 2. Chloride  9.3
 3. Nitrate  2.5
 4. Phosphate  0.10
 5. Sulfate  11.0

Download Application Note 133: Determination of Inorganic Anions in Drinking Water by Ion Chromatography

Download Application Note 140: Fast Analysis of Anions in Drinking Water by Ion Chromatography

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4083-AN133_LPN1192-03.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4093-AN140_LPN1295.pdf
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Inorganic Anions in Drinking Water

Figure 8-59. Anions in Sunnyvale, CA drinking water separated using the Dionex IonPac AS14A 
column (3 mm) at 0.8 mL/min.

Table 8-8. Summary of drinking water samples using the AS14A (3 mm) column at 0.8 mL/min 
flow with the Thermo Scientific™ Dionex™ Atlas™ Suppressor.

Sunnyvale  
8/8/00  
(ppm) 

Sunnyvale  
2/22/0  
(ppm) 

Palo Alto  
2/21/01  
(ppm) 

Twain Harte  
2/20/01  
(ppm)

Fluoride 0.047 0.052 0.728  0.016

Chloride 16.6 42.1 4.1 3.5

Nitrite < 0.003 < 0.003 < 0.003 < 0.003

Bromide 0.021 0.033 <0.004 <0.004

Nitrate 1.91 2.60 0.17 0.066

Phosphate 0.328 0.483 <0.010 <0.010

Sulfate 18.8 36.8 6.45 0.228
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Column:  Dionex IonPac AG14A, AS14A, (3 mm)
Flow:  0.8 mL/min
Temperature:  30 °C
Injection Volume:  25 µL
Eluent:  8.0 mM Sodium carbonate/1.0 mM Sodium bicarbonate
Detection:  Suppressed conductivity, Dionex AAES suppressor, 
 recycle mode, 45 mA

Peaks:  1. Fluoride   0.05 mg/L (ppm)
 2. Chloride  42
 3. Bromide   0.03
 4. Nitrate   2.6
 5. Phosphate   0.5
 6. Sulfate  37
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Inorganic Anions in Drinking Water

Traditionally, columns designed for use with carbonate/bicarbonate 
eluents have been used for determining inorganic anions in environmental 
samples. Columns that use hydroxide eluents (i.e., hydroxide selective 
columns) have not been as widely used for routine analysis of inorganic 
anions in environmental waters due to the lack of appropriate selectivity 
and difficulty in preparing contaminant-free hydroxide eluents. The 
introduction of automated, electrolytic eluent generation has eliminated 
the difficulty in preparing hydroxide eluents. A hydroxide-selective 
column, the Dionex IonPac AS18, was developed to determine inorganic 
anions in environmental waters. In Application Note 154 the use of 
automated eluent generation, combined with a high-capacity, hydroxide-
selective, anion-exchange column – the Dionex IonPac AS18 – for the 
determination of inorganic anions in environmental waters is described. 

Figure 8-60. Determination of inorganic anions in Sunnyvale, CA, drinking water using the Dionex 
IonPac AS18 column.
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Column: Dionex IonPac AG18, AS18, 4 mm
Flow: 1.0 mL/min
Temperature: 30 °C
Injection Volume: 25 µL
Eluent: 22–40 mM KOH from 7–8 min
Eluent Source: ICS-2000 with CR-ATC
Detection: Dionex ASRS ULTRA suppressor, 4 mm, recycle mode
Peaks: 1. Fluoride 0.07  mg/L (ppm)
 2. Chloride 45.3
 3. Nitrite-N 0.02
 4. Carbonate –
 5. Bromide 0.03
 6. Sulfate 58.7
 7. Nitrate-N 0.65
 8. Phosphate-P 0.47

Download Application Note 154: Determination of Inorganic Anions in Environmental Waters Using a Hydroxide-Selective Column

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4117-AN154_V19releasedJC052703.pdf
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Waterblooms of cyanobacteria (blue-green algae) can 
produce potent toxins that have become a severe 
problem for eutrophic aquatic environments. Hepatotoxins 
are among the primary toxins produced by these species 
growing in lakes, ponds, and rivers used as drinking water 
sources. Microcystins are cyclic non-ribosomal peptide 
hepatotoxins that exhibit tumor-promoting activity and are 
among the most commonly found cyanobacteria toxins.

Microcystins
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Microcystins

Microcystin contamination of drinking water at low nanomolar 
concentrations is considered a risk factor for cancer, and microcystin-
LR has been associated with most of the incidents of toxicity involving 
microcystins. Therefore, the World Health Organization (WHO) has 
proposed a provisional guideline concentration of 1.0 μg/L for 
microcystin-LR in drinking water. 

This application uses a target-cut on-line SPE method followed by HPLC 
with UV detection for the determination of three microcystins (-LR, -RR, 
and -YR) in drinking, tap, and lake water. The three target analytes were 
co-eluted from the first column using chromatographic conditions that 
eliminated as many interferences as possible; then the analytes were sent 
to the analytical flow path and separated on the second column using the 
same type of stationary phase under different chromatographic conditions. 
This design takes advantage of the separation power of both columns and 
may eliminate interferences more efficiently than typical on- and off-line 
SPE methods. 

Figure 8-61. Chemical structures of various microcystins.
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Download Application Note 261: Sensitive Determination of Microcystins in Drinking and Environmental Waters

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(3um)/88494-AN261-HPLC-Microcystins-Water-07Oct2010-LPN2607.pdf
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Microcystins

Figure 8-62. Overlay of chromatograms for a) water sample and b) the same sample spiked with 
0.5 μg/L each of microcystin-RR, -YR, and -LR standard 

SPE Column: Acclaim PA2, 3 µm, 3.0 × 33 mm
Anal. Column: Acclaim PA2, 3 µm, 3.0 × 150 mm
Flow: 0.7 mL/min for SPE and separation
Column Temp.: 40 °C
Injection Volume: 2500 μL on SPE column
Eluent for SPE: CH

3
CN–phosphate buffer 

 (22.5 mM KH
2
PO

4
–2.5 mM K

2
HPO

4
) 

 In gradient: CH
3
CN, 0–5 min, 20%; 

 7.0 min, 35%; 12min, 59%; 12.1–15 min, 15%
Eluent for Separation:  CH

3
CN–0.05% (v/v) H

3
PO

4
 

 In gradient: CH
3
CN, 0–7.0 min, 15%; 

 7.5–8.5 min, 80%; 8.6–15 min, 20%
Detection: UV at 240 nm
Samples: A. Tap water
 B. Lake water
 C. Bottled spring water
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Whether added to processed meat products to protect 
against microorganisms that can cause food poisoning, 
or as a contaminant in the water used to make infant 
formula, exposure to nitrate and nitrite can be associated 
with health problems. Accordingly, levels of these anions 
need to be monitored and their content in foods and 
beverages kept below defined limits.

Nitrate and Nitrite
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Nitrate and Nitrite in Meats

Nitrate and nitrite are usually added to processed meat products to 
protect against microorganisms that can cause food poisoning, such as 
Clostridium botulinum. However, nitrite can react with secondary amines 
to form nitrosoamines, a class of carcinogenic compounds, in food 
products or in the digestive system. Nitrate, although more stable than 
nitrite, can act as a reservoir for nitrite, as nitrate can readily be converted 
into nitrite by microbial reduction. Thus, both nitrate and nitrite must 
be monitored to ensure the quality and safety of meat products. This 
application describes an accurate and sensitive method in which nitrate 
and nitrite are extracted from meat products and then determined directly 
using anion exchange chromatography with UV detection. Commercially 
available ham and salami were used as model samples.
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Column:  Dionex IonPac AS11 (4 x 250 mm) and
 AG11 guard (4 x 50 mm)
Flow Rate:  1 mL/min
Injection Volume:  25 μL
Eluent: A: 50 mM Sodium hydroxide
 B: Deionized water
 C: 100 mM Sodium hydroxide
Detection:  UV, 225 nm
Peaks: 1.  Nitrite 1.16 mg/L
 2.  Nitrate 0.54
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Column:  Dionex IonPac AS11 (4 x 250 mm) and
 AG11 guard (4 x 50 mm)
Flow Rate:  1 mL/min
Injection Volume:  25 μL
Eluent: A: 50 mM Sodium hydroxide
 B: Deionized water
 C: 100 mM Sodium hydroxide
Detection:  UV, 225 nm

Peaks: 1.  Nitrite 9.85 mg/L
 2.  Nitrate 10.8

Figure 8-63. Separation of nitrate and nitrite from ham.

Figure 8-64 Separation of nitrate and nitrite from salami. The extract was diluted fourfold before 
injection.

Download Application Note 112: Determination of Nitrate and Nitrite in Meat Using High-Performance Anion-Exchange Chromatography

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4069-AN112_LPN0837-01.pdf
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Nitrate and Nitrite in Milk

Cow’s milk is of particular dietary value to infants, small children, and 
expectant mothers as it is an important source of calories, minerals 
(including calcium), fat-soluble vitamins and protein. Because of its 
nutritional value, it is imperative that the commercial milk supply be free 
of contaminants such as nitrate and nitrite. The excessive consumption of 
nitrate can lead to underoxygenation of the blood and tissues, which can 
cause numerous health problems and even death. With a much smaller 
total blood volume, infants and small children are more severely impacted 
than adults when consuming the same nitrate-contaminated product. The 
most likely source of nitrate in the blood stream is drinking water. Drinking 
water can become contaminated in areas where there has been excessive 

Figure 8-65. Overlay of chromatograms of Milk Sample #1 and Spiked Milk Sample #1. 

application of nitrate-based fertilizers and where sodium or potassium 
nitrate is used to kill rodents. For an infant, the water used to prepare 
infant formula (baby food), the water consumed by the nursing mother, or 
the water consumed by dairy cattle whose milk is used to prepare milk-
based infant formulas, are possible sources of nitrate. For most children, 
infant formula and mother’s milk will eventually be replaced by cow’s milk. 

Nitrite is also a concern because it is easily oxidized to nitrate. Excessive 
consumption of nitrite and nitrate also has been implicated as a cause of 
other health problems. For these reasons, the United States Environmental 
Protection Agency (U.S. EPA) regulates the amount of nitrite and nitrate in 
drinking water and has published an ion chromatography method.

Column: Dionex IonPac AS20 Analytical, 4 × 250 mm 
 Dionex IonPac AG20 Guard, 4 × 50 mm
Flow: 1.0 mL/min
Column Temp.: 30 °C
Injection Volume: 25 µL
InGuard: HRP, 9 × 24 mm
Concentrator: Dionex IonPac UTAC-LP1, 4 × 35 mm
Eluent Source: EGC II KOH with CR-ATC
Gradient: Time (min) Eluent Conc. (mM)
 -20 50
 -7.1 50
 -7.0 7
 -5.0 7
  0.0 7
 25.0 7
 25.1 50
Detection: Suppressed conductivity, 
 Dionex ASRS 300 suppressor, 
 4 mm with external water mode, current 125 mA
Sample: A. Sample #1
 B. Spiked Sample #1

Peaks: Conc. (mg/L)
 A B
1. Nitrite ND 0.017
2. Nitrate 0.020 0.065 Minutes
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Nitrate and Nitrite in Milk

Figure 8-66. Overlay of chromatograms of Milk Sample #2 and Spiked Milk Sample #2. 
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Column: Dionex IonPac AS20 Analytical, 4 × 250 mm 
 Dionex IonPac AG20 Guard, 4 × 50 mm
Flow: 1.0 mL/min
Column Temp.: 30 °C
Injection Volume: 25 µL
InGuard: HRP, 9 × 24 mm
Concentrator: Dionex IonPac UTAC-LP1, 4 × 35 mm
Eluent Source: EGC II KOH with CR-ATC
Gradient: Time (min) Eluent Conc. (mM)
 -20 50
 -7.1 50
 -7.0 7
 -5.0 7
  0.0 7
 25.0 7
 25.1 50
Detection: Suppressed conductivity, 
 Dionex ASRS 300 suppressor, 
 4 mm with external water mode, current 125 mA
Sample: A. Sample #1
 B. Spiked Sample #1

Peaks: Conc. (mg/L)
 A B
1. Nitrite ND 0.016
2. Nitrate 0.084 0.130 

Application Note 279 describes the routine measurement of nitrate and 
nitrite in acid precipitated milk samples using ion chromatography with UV 
and suppressed conductivity detection.

Download Application Note 279: Time Savings and Improved Reproducibility of Nitrate and  
Nitrite Ion Chromatography Determination in Milk Samples

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/110784-AN279-IC-NitrateNitrite-Milk-20May2011-LPN2830.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/110784-AN279-IC-NitrateNitrite-Milk-20May2011-LPN2830.pdf
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Nitrate and Nitrite in Drinking Water

The ion chromatographic determination of nitrite and nitrate in drinking 
water can be accomplished using direct UV detection of the analytes. 
The method is free from most ionic interferences due to the specificity 
of UV detection. The method is applicable to all drinking water samples. 
Bromide may also be separated from other ions detected using this 
method.

Figure 8-67. Direct UV detection of nitrite and nitrate in drinking water (preserved with 
sulfuric acid) with chemical suppression of eluent.

Column: Dionex IonPac AS9/AG9
Flow: 2.0 mL/min
Eluent : 1.7 mM NaHCO

3
, 

 1.8 mM Na
2
CO

3

Detection: UV @210 nm
Suppressor: Dionex AMMS-II suppressor

Peaks: 1. Nitrite 3  ppm
 2. Bromide 10  ppm
 3 Nitrate 10  ppm

Minutes
0 5 10

1 2

3

-0.2

0.2

AU

Download Application Update 132: Determination of Nitrite and Nitrate in Drinking Water Using Ion Chromatography with Direct UV Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/Chromatography%20Column%20Accessories/4189-AU132_Apr91_LPN034527.pdf
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To ensure that drinking water is safe for human 
consumption, it must be disinfected. Disinfection with 
either chlorine dioxide and/or ozone can result in the 
formation of oxyhalides such as chlorite, chlorate, 
and bromate. There are regulations regarding the 
concentrations of those three anions in drinking water in 
nearly all countries. The concentration of bromide is also 
of interest as it is a precursor of bromate, which is formed 
during ozonation.

Oxyhalides and Bromide in Water
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Oxyhalides and Bromide in Bottled Water

Unlike tap water, bottled water is treated as a food product in the U.S. 
and therefore regulated by the U.S. Food and Drug Administration (FDA). 
Bottled water must be disinfected to remove pathogenic organisms and 
ensure it is safe for human consumption. Ozone is favored by bottlers 
because it does not remain in the water and leaves no taste, but it does 
react with naturally occurring bromide to produce bromate, a suspected 
carcinogen.  Chlorination of drinking water can produce trihalomethanes, 
haloacetic acids, and chlorate.  While chlorine dioxide treatment generates 
inorganic oxyhalide DBPs, chlorite, and chlorate, and the presence of 
chloramine has been associated with the production of chlorate. 

Bottled water is an increasingly popular product in the U.S. The FDA 
adopted the EPA’s MCLs for chlorite and bromate and the analytical 
methods used to monitor these contaminants in public drinking water. The 
FDA also requires that bottled water manufacturers monitor their finished 
product for these contaminants at least once each year under current 
good manufacturing practice as stated in part 129 of the Code of Federal 
Regulations (21 CFR part 129).

Figure 8-68. Determination of DBP anions and bromide in (A) bottled water 6 and (B) spiked 
bottled water 6 using the Dionex IonPac AS19 column.

Download Application Note 167: Determination of Trace Concentrations of Oxyhalides and Bromide in Municipal and  
Bottled Waters Using a Hydroxide-Selective Column with an RFIC System
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Columns:  Dionex IonPac AG19 
 and AS19, 4 mm
Flow:  1 mL/min
Temperature:  30 °C
Injection Volume:  250 μL
Eluent:  10 mM KOH 0–10 min,
 10–45 mM 10–25 min
Eluent Source:  Dionex ICS-2000 EG with CR-ATC
Detection:  Dionex ASRS ULTRA II, 4 mm
 recycle mode, 130 mA

Peaks A:  2. Bromate  9.2  μg/L
 3. Chlorate  375.0
 4. Bromide  2.5
Peaks B.  1. Chlorite  20.0  μg/L
 2. Bromate  19.5
 3. Chlorate  520.0
 4. Bromide  22.5

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/AN-167-Oxyhalides-Bromide-Municipal-Bottled-Waters-Hydroxide-Selective-Column-RFIC-AN70410-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Ion%20Chromatography/IC%20and%20RFIC%20Columns/AN-167-Oxyhalides-Bromide-Municipal-Bottled-Waters-Hydroxide-Selective-Column-RFIC-AN70410-EN.pdf
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Oxyhalides and Bromide in Drinking Water

Download Application Note 81: Ion Chromatographic Determination of Oxyhalides and Bromide at Trace Levels Concentrations in Drinking Water 
Using Direct Injection

Download Application Note 101: Trace Level Determination of Bromate in Ozonated Drinking Water Using Ion Chromatography

Download Application Note 136: Determination of Inorganic Oxyhalide Disinfection Byproduct Anions and Bromide in drinking Water  
Using Ion Chromatography with the Addition of a Postcolumn Reagent for Trace Bromate Analysis

Download Application Note 149: Determination of Chlorite, Bromate, Bromide and Chlorate in Drinking Water by IC with an On-Line-Generated 
Postcolumn Reagent for Sub-µg/L Bromate Analysis

Download Application Note 168: Determination of Trace Concentrations of Disinfection By-Product Anions and Bromide in Drinking Water  
Using Reagent-Free IC Followed by Postcolumn Addition of o-Dianisidine for Trace Bromate Analysis

Download Application Note 184: Determination of Trace Concentrations of Chlorite, Bromate, and Chlorate in Bottled Natural Mineral Waters

Download Application Note 187: Determination of Sub-µg/L Bromate in Municipal and Natural Mineral Waters Using Preconcentration with 
Two-Dimensional IC and Suppressed Conductivity Detection

Download Application Note 208: Determination of Bromate in Bottled Mineral Water Using the CRD 300Carbonate Removal Device

Download Application Note 217: Determination of Haloacetic Acids in Water using IC-ESI-MS/MS

Featured Applications

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/AN184-IC-Trace-Chlorite-Bromate-Chlorate-Bottled-Mineral-Water-AN70407_E.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-208-Determination-of-Bromate-in-Bottle-Water-AN-70405.pdf
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Patulin is a mycotoxin found in moldy apples. While no 
tolerance level has been fixed for this substance, it is used 
as an indicator of quality in processed apple products. 
Hydroxymethylfurfural (HMF) is a product of thermal 
decomposition of sugars, and is used as an indicator of 
heat damage in processing of sweet foods. 

Patulin
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Patulin and Hydroxymethylfurfural in Apple Juice

Both patulin and hydroxymethylfurfural are weakly hydrophobic, neutral 
compounds, and co-elute on many reversed-phase columns. Fruit juice 
is a complex matrix, so some form of sample cleanup is necessary. 
The traditional sample preparation involves off-line extraction using ethyl 
acetate which yields good recoveries for patulin, but not for HMF. In-line 
solid-phase extraction is expected to be more reproducible and involve 

Figure 8-69. Patulin and hydroxymethylfurfural in apple juice using in-line SPE cleanup and concentration.

less manual handling. The Acclaim Mixed-Mode WCX-1 permits organic 
acids and phenolics to wash out by ion exclusion well ahead of the HMF 
and patulin (which co-elute on this column). The auxiliary valve transfers 
the analytes to the Acclaim C30 column that provides excellent resolution 
of these two substances.

0 2 4 6 9

0

1000

mAU

Minutes

1  
2  

Analytical
Column  

Detector

Waste 

SPE
Column 

Auxiliary Valve 

Autosampler

Left Pump

R ight Pump

HPLC System:  UltiMate 3000 RSLC system 
 ×2 dual gradient
Analytical Column:  Acclaim C30 3 μm
Dimension:  2.1 × 150 mm
SPE Column:  Acclaim Mixed-Mode WCX-1
Dimension:  3.0 × 50 mm
Flow:  Right: 0.40 mL/min, left: 0.40 mL/min
Temperature:  25 °C
Injection Volume:  60 μL
Mobile Phase:  Left pump A:  Acetonitrile
 Left pump B:  1.0 mM dibasic sodium phosphate, 
  4.0 mM monobasic sodium phosphate, 
  0.1 mM tetrabasic sodium pyrophosphate; pH 6.5
 Right pump A:  Acetonitrile
 Right pump B: Water
 Right pump C: 12.5 mM ammonium formate, 50 mM formic acid, pH 3.1
Gradient Times (min): -5.0  0.0  1.6  1.7  2.4  7.0  7.1  9.0
Left pump %A:  0.0  0.0  0.0  50.0  50.0 0.0
Left pump %B:  100.0 100.9 100.0 50.0 50.0 100.0
Right pump %A:  4.0  4.0  4.0   10.0  30.0 30.0
Right pump %B:  86.0  86.0  86.0   80.0  60.0 60.0
Right pump %C:  10.0  10.0  10.0   10.0  10.0 10.0
Aux. Valve:  Load   inject   load
Aux. Valve:  10-port, 2-position configured for forward elution of SPE
Detection:  Diode Array, UV at 276 nm, 5 Hz, 1.0 s resp. time

Peaks:  1. Hydroxymethylfurfural (HMF)
 2. Patulin

Sample preparation:
Apple sauce and unfiltered
apple juice were treated 
with pectinase, centrifuged 
and filtered.

Valve configuration
for forward-elution
of the SPE

Standards
1.0 μg/mL

Unfiltered
Apple Juice

Apple Sauce

Apple Juice from
Concentrate

HMFPatulin
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Perchlorate, while naturally occurring, is often an 
environmental contaminant in areas where munitions, 
perchlorate salts, and highway flares are or have been 
manufactured. Perchlorate can replace iodide in the 
thyroid and that may lead to a variety of human health 
issues. Concern about the presence of perchlorate in 
drinking water has resulted in its being added to the US 
EPA Unregulated Contaminant Candidates Monitoring 
list and its concentration being regulated in a number of 
US states. 

Perchlorate
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Perchlorate in Foods

Perchlorate is found in nitrate fertilizers, and is used as an ingredient for 
solid rocket propellant, explosives, and industrial processes like rubber 
manufacturing. This contaminant interferes with the iodide uptake into the 
thyroid gland, and can disrupt neurological development in fetuses and 
children.

Perchlorate in irrigation water can build up in a variety of crops, such as 
lettuce, spinach, melons, and grains. Sample preparation for perchlorate 
analysis of crops typically involves high speed blending and ultrasonication 

Figure 8-70. The three steps for sodium hydroxide generation.

extraction, but these techniques are not efficient enough to extract tightly 
bound ions, such as perchlorate, from complex vegetation or other 
biosolid matrices. Additional cleanup steps, such as SPE, are also usually 
required.

Minimum detection limits using a Dionex IonPac AS16 column and 
suppressed conductivity detection are <2.0 μg/kg for perchlorate 
extracted from spinach, melon, and corn.

Load Sample: 2 mL
Rinse Matrix: 1 mL of 10 mM NaOH

Eluent Generation

Waste

NaOH Eluent Generation

Step  Function Conc. Time

1  Perchlorate 0.5 mM 12 min
 Transfer

2  Analysis 65 mM 16 min

3  Column  100 mM 2 min
 Cleanup 

Load, Rinse
Inject

Waste

Guard
Column

Analytical
Column

External Water

Autosampler

Waste

Dionex ASRS
UULTRA II

Suppressor

Conductivity
Detector

0.25 mL/min
Steps 1, 2, and 3

Cryptand C1
Concentrator
Column

Chromatographic Conditions
Columns:  Dionex IonPac AS16 Analytical, 2 × 250 mm
 Dionex IonPac AG16 Guard, 2 × 50 mm
 Dionex IonPac Cryptand C1 Concentrator, 
 4 × 35 mm
Eluent:  0.50, 65, and 100 mM NaOH
Backpressure:  2300 psi
Detection: Dionex ASRS ULTRA II suppressor, 
 external water mode,
 100 mA current
Run Time:  46 min

Accelerated Solvent Extraction Conditions for Perchlorate
Extraction Solvent:  Water
Pressure:  1500 psi
Temperature:  80 °C
Equilibration Time:  5 min
Extraction Time:  5 min (static)
Solvent Flush:  30% (of cell volume)
Nitrogen Purge:  120 s (after extraction)
Extraction Cycles:  3
Cell Sizes:  33 mL and 100 mL

Download the Poster Note: Determination of Perchlorate Levels in Food and Soil Samples Using Accelerated Solvent Extraction 
and Ion Chromatography

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70743-Determination-Perchlorate-Levels-Food-Soil-Samples-PN70743-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70743-Determination-Perchlorate-Levels-Food-Soil-Samples-PN70743-EN.pdf
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Perchlorate in Foods

Figure 8-71. Chromatograms of (A) a melon “blank” obtained using accelerated solvent extraction, 
and (B) a 5 g melon sample spiked with perchlorate.

Figure 8-72. Chromatograms of (A) a spinach “blank” obtained using accelerated solvent ex-
traction, and (B) a 5 g spinach sample spiked with perchlorate.

0

25

Minutes

Column:   Dionex IonPac AS16 Analytical, 2 × 250 mm
 Dionex IonPac AG16 Guard, 2 × 50 mm
 Dionex IonPac Cryptand C1 Concentrator, 4 × 35 mm
Flow:   0.25 mL/min
Temperature: 35 °C 
Eluent:   0.50, 65, and 100 mM sodium hydroxide
Detection: Suppressed conductivity, Dionex ASRS ULTRA, external water mode

Peak: 1. Perchlorate       10 ng/g

µS

17 20 25 30 35

1

A

B

A

–2.3

10.0

Minutes

Column:   Dionex IonPac AS16 Analytical, 2 × 250 mm
 Dionex IonPac AG16 Guard, 2 × 50 mm
 Dionex IonPac Cryptand CI Concentrator, 4 × 35 mm
Flow:   0.25 mL/min
Temperature: 35 °C 
Eluent:   0.50, 65, and 100 mM sodium hydroxide
Detection: Suppressed conductivity, Dionex ASRS ULTRA, 
 external water mode

Peak: 1. Perchlorate       50 ng/g

mS

17 18 19 20 21 22 23 24 25 26 27 28 29 30 3231 33.6

B

1

Matrix Avg. Recovery  
(%, n = 21)

*MDL 
(μg/kg)

*RQL  
(μg/kg)

Melon 103.3  0.72 2.9

Corn 96.3 1.4 5.6

Spinach 101.6 2.0 8.0

*Analysis was performed using EPA Method 314.1 with a Dionex ICS-2500 ion chromatography system.

Table 8-9.

Download the Poster Note: Determination of Perchlorate Levels in Food and Soil Samples Using Accelerated Solvent Extraction 
and Ion Chromatography

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70743-Determination-Perchlorate-Levels-Food-Soil-Samples-PN70743-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70743-Determination-Perchlorate-Levels-Food-Soil-Samples-PN70743-EN.pdf
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Perchlorate in Drinking Water

Figure 8-73. Chromatogram of drinking water D fortified with 0.5 μg/L perchlorate in the (A) first 
dimension and (B) second dimension.

In 2005 the EPA published Method 314.1 as an update to Method 
314.0 to improve the sensitivity for perchlorate in high-ionic-strength 
matrices. This method requires the concentration of a 2 mL sample on a 
Dionex IonPac Cryptand C1 preconcentration column followed by matrix 
elimination with 1 mL of 10 mM sodium hydroxide.  Perchlorate is then 
separated by using a 2 mm Dionex IonPac AS16 column in the primary 
method. If perchlorate is positively identified with this method, then the 
sample must be reanalyzed on a confirmatory column, the Dionex IonPac 
AS20, to verify the presence of perchlorate and thereby reduce the 
likelihood of a false positive. 

Alternatively, EPA Method 314.2, a two-dimensional ion chromatographic 
approach can be used to resolve perchlorate from high concentrations 
of common matrix ions. The first dimension uses a 4 mm Dionex IonPac 
AS20 column to divert the matrix ions while 5 mL of the suppressed 
effluent containing perchlorate is trapped on a Dionex IonPac TAC-ULP1 
Trace Anion Concentrator Column and then separated on a 2 mm Dionex 
IonPac AS16 column in the second dimension for quantitative analysis. 
This method provides several advantages, such as the ability to inject 
large sample volumes, the ability to focus the perchlorate that is partially 
resolved in the first dimension onto a concentrator column and separate 
it in the second dimension, and the ability to combine two different 
column chemistries to enhance the selectivity and reduce the possibility 
of a false positive. Application Note 178 demonstrates this approach for 
determining trace concentrations of perchlorate in water samples using 
the same criteria specified in Method 314.1.

Download Application Note 178: Improved Determination of Trace Concentrations of Perchlorate in Drinking Water  
Using Preconcentration with Two-Dimensional Ion Chromatography and Suppressed Conductivity Detection

1

3

µS

0 10 20 30 40 45
Minutes

0.3

1.0

µS

Eluent: 35 mM KOH 0–30 min, 
 step to 60 mM at 30.1 min, 
 60 mM 30.1–40 min; 
 step to 35 mM at 40.1 min, 
 35 mM 40.1–45 min
Eluent Source: Dionex ICS-3000 EG
Detection: Dionex ASRS ULTRA II suppressor, 4 mm, 
 auto-suppression, external water mode

B. Second Dimension
Column: Dionex IonPac AG16, AS16, 
 2 mm
Eluent: 65 mM KOH
Eluent Source: IDionex CS-3000 EG
Temperature: 30 °C
Flow Rate: 0.25 mL/min
Injection Volume: 5 mL
Concentrator: Dionex TAC-ULP1, 
 5 × 23 mm
Detection: Dionex ASRS ULTRA II 
 suppressor, 2 mm, 
 external water mode

Peaks:  1. Perchlorate 0.5 µg/L

A. First Dimension
Column: Dionex IonPac AG20, AS20,  
 4 mm
Flow: 1 mL/min
Temperature: 30 °C
Injection Volume: 4,000 µL

1

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/AN178-IC-Trace-Perchlorate-Drinking-Water-2D-IC-AN70396_E.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/AN178-IC-Trace-Perchlorate-Drinking-Water-2D-IC-AN70396_E.pdf
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Phenylurea compounds are widely used as agricultural 
pesticides. Due to their slow degradation, they are 
frequently detected in surface waters at concentrations 
above 0.1 mg/L, which is higher than the European 
Commission’s drinking water limit often used as a quality 
standard for natural water. 

Phenylurea Compounds
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Phenylurea Compounds

Figure 8-74. Structures of phenylurea compounds listed in U.S. EPA Method 532 and their 
surrogate standards.

U.S. EPA Method 532.3 the method typically used for the sensitive 
determination of phenylurea compounds, uses reversed-phase high 
performance liquid chromatography (RP-HPLC) with UV detection. 

This application presents an efficient HPLC method for the sensitive 
determination of nine phenylurea compounds in drinking water samples 
using on-line solid-phase extraction (SPE) and UV detection with method 
detection limits (MDLs) that meet those reported in U.S. EPA Method 
532 and concentration limits set in the European Commission’s Council 
Directive 98/83/EC.
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Phenylurea Compounds

Figure 8-76. Chromatograms of a green tea sample, the same sample fortified with phenylurea 
standards, and a mixture of phenylurea standards.

Figure 8-75. Chromatogram of phenylurea compounds and surrogate standards

For On-Line SPE
Cartridge: Dionex SolEx HRP, 12–14 µm, 2.1 × 20 mm (Use V-3 Cartridge Holder)
Flow: 1.0 mL/min
Injection Volume: 2500 µL on the on-line SPE cartridge
Mobile Phase: A: H

2
O, B: methanol

Gradient:  0–4 min, 10–100% B; 13 min, 100% B; 13.1–20 min, 10% B

For Separation
Column: Acclaim 120 C18, 3 µm Analytical, 3.0 × 150 mm
Flow: 0.6 mL/min
Temperature: 25 °C
Mobile Phase: A: 20 mM HCOONH

4
, B: acetonitrile

Gradient:  0–4 min, 35% B; 4.1 min, 40% B; 7.5–15.8 min, 60% B; 16 min, 35% B
Detection: UV absorbance at 245 nm

Peaks:   1. Tebuthiuron                                 5.0 µg/L each
   2. Thidiazuron
   3. Monuron (Surrogate Standard, 20 µg/L)
   4. Fluometuron
   5. Diuron
   6. Propanil
   7. Siduron A
   8. Siduron B
   9. Linuron
 10. Carbazole (Surrogate Standard, 20 µg/L)
 11. Diflubenzuron

Valve Position: 0 min, 1_2; 4.0 min, 6_1; 7.8 min, 1_2
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See Figure 8-66 for Conditions for On-Line SPE and Separation
Samples: A. Green tea
 B. Green tea (already 3-fold dilution with water) fortified with 
     phenylurea standards (2.5 µg/L each)
 C. Mixture of phenylurea standards (2.5 µg/L each). 

Peaks:   1. Tebuthiuron                                 5.0 µg/L each
   2. Thidiazuron
   3. Monuron (Surrogate Standard, 20 µg/L)
   4. Fluometuron
   5. Diuron
   6. Propanil
   7. Siduron A
   8. Siduron B
   9. Linuron
 10. Carbazole (Surrogate Standard, 20 µg/L)
 11. Diflubenzuron
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Phenylurea Compounds

Figure 8-77. Chromatograms of a tap water sample, and the same sample fortified with pheny-
lurea standards.
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See Figure 8-66 for Conditions for On-Line SPE and Separation
Samples: A. tap water
 B. tap water fortified with phenylurea standards (2.5 µg/L each) 

Peaks:   1. Tebuthiuron                                 5.0 µg/L each
   2. Thidiazuron
   3. Monuron (Surrogate Standard, 20 µg/L)
   4. Fluometuron
   5. Diuron
   6. Propanil
   7. Siduron A
   8. Siduron B
   9. Linuron
 10. Carbazole (Surrogate Standard, 20 µg/L)
 11. Diflubenzuron
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Phthalates are a class of chemical compounds widely 
used as plasticizers for polyvinyl chloride resins, 
adhesives, and cellulose film coating. To date nearly  
20 kinds of phthalates have been used for these 
purposes. Phthalates are potentially hazardous to 
human health—especially to children’s health—due to 
their classification as endocrine disruptors. This has 
resulted in regulations regarding the types and levels of 
phthalates allowable in plastic toys, water containers, 
textiles, and foods. 

Phthalates
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Phthalates

Figure 8-78. Structures of 19 phthalates (isomers DNP and DINP have the same structure).

Application Note 1045 describes an HPLC-UV method that can separate 
all the phthalates listed in the regulated methods.
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Download Application Note 1045: Determination of Phthalates in Drinking Water by UHPLC with UV Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/GC%20HPLC%20and%20UHPLC%20Columns%20and%20Accessories/HPLC%20Columns/HPLC%20Columns%20(5um)/D21976~.pdf
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Figure 8-79. Blank-subtracted chromatograms of a drinking water sample and the same sample 
spiked with a phthalate mixed standard using an Acclaim C30 column.
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Column: Acclaim C30, 3 µm, 3.0 × 150 mm
Flow: 1.0 mL/min
Temperature: 45 °C
Injection Volume: 5 μL
Mobile Phase: A: Water
 B: CH

3
CN

 C: CH
3
OH

Gradient: 0 min, B: 35%, C: 0%, curve 5; 
 12–22 min, B: 25–100%, C: 45–0%;
 22.5–25 min, B: 35%, C: 0%, curve 5
Detection: UV absorbance at 228 nm
Chromatograms: A. Drinking Water Sample #1
 B. A sample spiked with a phthalate mixed standard 

Peaks (5 µg/mL each):   
    1. DMP 2. BMEP 3. DEP 
    4. BEEP 5. DPP 6. BBP
    7. DIBP 8. DBP 9. BBEP 
  10. DAP 11. DCP 12. BMPP
  13. DHP 14. DEHP 15. DNOP
  16. DNP 17. DPRP 
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Numerous polycyclic aromatic hydrocarbons (PAHs) are 
carcinogenic, making their presence in foods and the 
environment a health concern. Regulations around the 
world limit levels of a variety of PAHs in drinking water, 
food additives, cosmetics, workplaces, and factory 
emissions. 

Polycyclic Aromatic Hydrocarbons

Structure of chrysene, a 
commonly found PAH
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Figure 8-80. Structures of the 16 PAHs specified in U.S. EPA Method 550.1.

PAHs have traditionally been separated using HPLC, but method detection 
limits (MDLs) of HPLC techniques employing direct injection of samples 
are too high for the detection of the low concentrations in real samples 
that are near the regulated limit. Therefore, the analytes in these samples 
require preconcentration before analysis. 

The U.S. EPA prescribes liquid-liquid extraction and liquid-solid extraction 
(also called solid-phase extraction, SPE) methods for pre-concentrating 
PAHs in drinking water samples. However, preparing individual samples is 
time consuming for each of the two extraction methods, and a new SPE 
cartridge must be used for each sample when using the SPE method. The 
expense of using multiple SPE cartridges and the associated manual labor 
can be eliminated with online SPE combined with the subsequent HPLC 
analysis. This technique delivers a simple, rapid, and accurate means for 
determining PAHs at low concentrations in water samples.

Application Note 213 describes the use of online SPE followed by HPLC 
with fluorescence or UV detection for the measurement of numerous 
PAHs in drinking water.

Download Application Note 213: Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Tap Water  
Using On-Line Solid-Phase Extraction Followed by HPLC with UV and Fluorescence Detections

Acenapthene

Fluorathene

Dibenzo(a,h)anthraceneChrysene

Dibenzo(ghi)perylene

Benzo(k)fluorantheneBenzo(b)fluoranthene
Benzo(a)pyrene

Acenapthylene
Anthracene

Benzo(a)anthracene

Naphthalene

Pyrene

FluorenePhenanthreneIndeno(1,2,3-cd)pyrene

Polycyclic Aromatic Hydrocarbons

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-213-Determination-PAH-Tap-Water-LPN2128.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-213-Determination-PAH-Tap-Water-LPN2128.pdf
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Figure 8-81. Chromatograms obtained by A) UV at 254 nm and B) FL at different wavelengths. Chromatograms of (a) blank, (b) tap water, and (c) tap water spiked with a PAH standard mixture.

Polycyclic Aromatic Hydrocarbons
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SPE Column: Acclaim PA2, 3 µm, 4.6 × 50 mm
Analytical
Column: Supelcosil LC-PAH, 4.6 × 250 mm
Temperature: 20 °C
Injection Volume: 2.0 mL on the SPE column
Mobile Phases: A) Water
 B) Acetonitrile
Detection: UV at 254 nm and fluorescence 
 at various excitation and emission 
 wavelengths

Peaks: 1. Naphthalene  5.0 µg/L
 2. Acenaphthylene 10.0
 3. Acenaphthene 5.0
 4. Fluorene 1.0
 5. Phenanthrene 0.5
 6. Anthracene 0.5
 7. Fluoranthene 1.0
 8. Pyrene 0.5
 9. Benzo(a)anthracene 0.5
 10. Chrysene 0.5
 11. Benzo(b)fluoranthene 1.0
 12. Benzo(k)fluoranthene 0.5
 13. Benzo(a)pyrene 0.5
 14. Dibenzo(a,h)anthracene 1.0
 15. Benzo(g,h,i)perylene 1.0
 16. Indeno(1,2,3-cd)pyrene 0.5

PAHs in Tap Water
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Figure 8-82. Overlay of chromatograms of seven serial injections of olive oil sample 1 spiked with 
a PAH standard mixture (20 μg/kg).

Polycyclic Aromatic Hydrocarbons

Figure 8-83. Overlay of chromatograms of A) olive oil 1, B) olive oil 2, and C) sesame oil samples.

PAHs in Edible Oils
PAHs also occur in charbroiled and dried foods, and may form in edible 
oils by pyrolytic processes, such as incomplete combustion of organic 
substances. PAHs in foods can also result from petrogenic contamination. 

The European Commission regulates the amounts of PAHs in foods, and 
has imposed a limit of 2.0 μg/kg for benzo[a]pyrene (BaP) in edible oils, 
as BaP was determined to be a good indicator of PAH contamination.

Download Application Note 196: Determination of Polycyclic AromaticHydrocarbons (PAHs) in Edible Oils by  
Donor-Acceptor Complex Chromatography (DACC)-HPLC with Fluorescence Detection

On-Line SPE Column: DACC, 3.0 × 80 mm
Analytical Columns: Two PAH columns
    4.6 × 250 mm for separation
Flow: 1 mL/min 
Temperature: 30 ºC for column, 
 40 ºC for autosampler
Injection Volume: 80 µL
Eluent: A) Water, 
 B) Acetonitrile for both loading and 
     analysis pumps 
 C) Isopropanol for loading pump
Detection: Fluorescence 

Peaks:
 1. Phenanthrene 
 4. Pyrene  
 5. Benzo[a]anthracene  
 6. Chrysene  
 7. Benzo[b]fluoranthene  
 8. Benzo[k]fluoranthene  
 9. Benzo[a]pyrene  
 11. Benzo[g,h,i]perylene  
 12. Indeno[1,2,3-cd]pyrene  
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Peaks:  µg/kg
 1. Phenanthrene 20
 2. Anthracene  20
 3. Fluoranthene 20
 4. Pyrene  20
 5. Benzo[a]anthracene  20
 6. Chrysene  20
 7. Benzo[b]fluoranthene  20
 8. Benzo[k]fluoranthene  20
 9. Benzo[a]pyrene  20
 10. Dibenzo[a,h]anthracene  20
 11. Benzo[g,h,i]perylene  20
 12. Indeno[1,2,3-cd]pyrene  20
 13. Benzo[b]crysene (added as I.S.) 20
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On-Line SPE Column: DACC, 3.0 × 80 mm
Analytical Columns: Two PAH columns
    4.6 × 250 mm for separation
Flow: 1 mL/min 
Temperature: 30 ºC for column, 
 40 ºC for autosampler
Injection Volume: 80 µL
Eluent: A) Water, 
 B) Acetonitrile for both loading and 
     analysis pumps 
 C) Isopropanol for loading pump
Detection: Fluorescence 
Sample: Mixture of PAHs standard

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-196-Determination-PAH-Edible-Oil-LPN1998.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/AN-196-Determination-PAH-Edible-Oil-LPN1998.pdf
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Figure 8-84. Separation of the 17 fluorescent PAHs of the EPA Method 610 standard mix; tints 
mark the dedicated detection parameters.

Polycyclic Aromatic Hydrocarbons

PAHs in Tea
A challenging field of application is the determination of polycyclic 
aromatic hydrocarbon (PAH) contamination in foodstuffs, e.g., tea 
samples. After water, tea is the most widely consumed beverage in 
the world. While tea has the reputation of being healthy due to many 
pharmaceutically active ingredients and antioxidants, tea leaves also act 
as a perfect enrichment matrix for environmental pollutants. In particular, 
PAHs are a critical class of contaminants requiring careful and sensitive 
monitoring. Green, black, and oolong tea are all processed using a 
multistep procedure that exposes them to many sources for PAHs. Using 
the high-performance Thermo Scientific Dionex FLD-3100/3400RS 
Fluorescence Detector for UHPLC, and its ability to rapidly switch 
wavelengths, determination of PAHs in different tea samples was achieved 
with run times of less than 6 min, thus ensuring high sample throughput.
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16. Benzo(g,h,i)perylene
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Peaks:  1. Naphthalene
 2. 1-Methylnaphthalene
 3. 2-Methylnaphthalene
 4. Acenaphthene
 5. Fluorene
 6. Phenanthrene

Column:  C18 PAH, 3 × 100 mm, 3 μm
Flow:  2.0 mL/min
Column Temp.:  30 °C
Injection Volume:  2 μL
Eluent:  A: Water
  B: Acetonitrile

Data Collection Rate:  100 Hz
Response Time:  0.02 s
Lamp Mode:  Standard
Photomultiplier Tube:  1 (FLD-3400RS)
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Figure 8-85. Separation of PAHs in tea samples.
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Samples:
A. EPA-PAH 610 standard, 10 ng.mL-1
B. Black tea, St. Petersburg, solid-liquid extract
C. Black tea, St. Petersburg, tea liquor
D. Ahmad black tea, London, solid-liquid extract
E. Korean green tea, solid-liquid extract
F. Brazilian Mate tea, solid-liquid extract

 6. Benzo(b)fluoranthene
 7. Benzo(k)fluoranthene
 8. Benzo(a)pyrene
 9. Benzo(g,h,i)perylene
 10. Indeno(1,2,3-cd)pyrene

Peaks:
1. Phenanthrene
2. Anthracene
3. Fluoranthene
4. Pyrene
5. Chrysene

Column:  C18 PAH,
 3 × 100 mm, 3 μm
Flow:  2.0 mL/min
Column Temp.:  30 °C
Injection Volume:  2 μL
Eluent:  A: Water
  B: Acetonitrile
Data Collection Rate:  100 Hz
Response Time:  0.02 s
Lamp Mode:  Standard
Photomultiplier Tube:  1 (FLD-3400RS)

Download the Poster Note: Benefits of High-Speed Wavelength Switching in UHPLC Methods Using Fluorescence Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/Liquid%20Chromatography%20Systems/Standard%20Systems/110538-PO-LC-UHPLC-Fluorescence-Detection-06Jul2011-LPN2870.pdf
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Atrazine is a selective herbicide used for the control of 
weeds in crops such as asparagus, corn, sorghum, sugar 
cane, and pineapple. It is also used in forestry for non-
selective weed control in non-crop areas. Today, it is the 
most widely used herbicide in the United States. As a result 
of widespread and long-term usage, atrazine and other 
triazine herbicide metabolites can be found at low levels in 
the environment and groundwater. Monitoring of atrazine, 
its metabolites desethyl-atrazine and desisopropylazine, 
and other triazine herbicides is important for environmental 
protection and food safety control.

Triazine Herbicides
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Figure 8-86. Sensitive detection of triazine herbicides on the Acclaim 120 C18 column with 
MS detection. Shown are seven simultaneous single-ion chromatograms optimized for positive 
identification.

Triazine pesticides can be separated by HPLC using an Acclaim 120 C18 
column and an acetonitrile/ammonium acetate gradient.

Triazine herbicides are detected using ESI in positive mode.

2.9 18.6
0

2,500,000

Counts

Peaks m/z
1. Simazine  202
2. Atrazine  216
3. Prometon  226
4. Ametryn  228
5. Propazine  230
6. Prometryn  242
7. Terbutryn  242

Minutes

1
2

3

4

5

6
7

Column:  Acclaim 120 C18, 5 µm
Flow:  0.25 mL/min
Temperature:  30 °C
Injection Volume: 10 µL
Dimensions: 2.1 × 100 mm 
Mobile Phase:  35% Acetonitrile
   65% Ammonium acetate, pH 5
Detection: MSQ MS
ESI:  Positive
Probe:  400 C
Needle:  2.5 kV
Cone Voltage:  Set per ion
Samples: Seven herbicides at 1 ng on column

Did You Know?
	 Triazine herbicides are photosystem II inhibitors. They reduce electron flow from 

water to NADP+ during photosynthesis, ultimately resulting in plant death.

Download Application Note 453: UHPLC Separation of Triazine Herbicides at Elevated Temperature

Download Application Note ANCCSCETPEST: Analysis of Triazine Pesticides Using a Core Enhanced Technology Accucore HPLC Column

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Mass%20Spectrometry/LC%20MS/AN453-uhplc-separation-of-triazine-herbicides-at-elevated-temperature.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/ANCCSCETPEST-Analysis-of-Triazine-Pesticides-Core-Enhanced-Accucore-HPLC-Column.pdf
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Here you’ll find a multitude of references using our 
HPLC, ion chromatography and sample preparation 
solutions.

Technical Collateral and  
Peer Reviewed Journals
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