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What’s New and What Value Does it Offer? Part 2

The NIST 11 Mass Spectral database, the successor to the NIST 08, is 
a fully evaluated collection of electron ionization (EI) Mass Spectra, 
which also includes a growing number of MS/MS Spectra and GC 
data. In this multi-part article, David Sparkman looks at history 
and current status of NIST 11 and explains its value to analytical 
scientists.
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What’s New and What Value Does it Offer? Part 2
The NIST 11 Mass Spectral database, the successor to the NIST 08, is a fully evaluated 
collection of electron ionization (EI) Mass Spectra, which also includes a growing number of 
MS/MS Spectra and GC data. In this multi-part article, David Sparkman looks at history and 
current status of NIST 11 and explains its value to analytical scientists.

 In 1971, shortly after the acquisition of its initial 
six GC/MS instruments, the newly formed United 
States Government’s Environmental Protection 
Agency (EPA) awarded a development contract 
to Battelle-Memorial Institute in Columbus, Ohio, 
to create a system that automatically transmitted 
data over voice-grade telephone lines directly from 
the minicomputers connected to the 
GC/MS instruments in field laboratories to a 
program running on a large-scale remote time-
sharing computer where the actual search was 
done against the m/z value and intensity pairs 
stored as fields in each individual spectrum 
which constituted records in the database. The 
database of electron ionization (EI) spectra stored 
on that time-sharing computer has grown and 
evolved into what is today’s NIST 11 Database.  
The evolution of this Database has also lead to the 
most widely used mass spectral program, the NIST 
Mass Spectral (MS) Search Program.

NIST Mass Spectral Search Program v.2.0g used 
with NIST 11
This version of the NIST MS Search Program has 
many new features that make it easier and more 
efficient to identify compounds using the mass 
spectral data provided with the release. As seen 
in Figure 1, the Program consists of six Tab views, 
selectable along the bottom of the display. Each 
view can be brought into focus by either clicking 

on the Tab or using the Ctrl-Tab and Ctrl-Shift-
Tab Hot keys. When the Program is exited and 
restarted, the last Tab view in focus is brought 
back into focus. Each Tab view can be configured 
individually with respect to Windows opens, slider 
bar positions and orientations, fonts, colors of text, 
graphics and backgrounds, and the information 
displayed in the various Windows; i.e., bar graph 
spectra with or without structures. If multiple 
people are using the Program, each can have 
an individual set of configurations because the 
configurations can be saved and recalled.

The Lib Search Tab Display
The Lib Search Tab is used to search imported 
spectra or structures against the NIST Mass 
Spectral Databases and other databases such the 
Wiley Registry of Mass Spectral Data and proprietary 
databases such as those that may be created by 
the user. Several different types of searches are 
available. Some are briefly described below. For 
a more detailed explanation, the NIST MS Search 
Program’s manual can be downloaded from http://
chemdata.nist.gov/mass-spc/ms-search/docs/
Ver20Man_11.pdf.
 Spectra can be exported from Perkin Elmer’s 
TurboMass®, Waters’ MassLynx®, ThermoFisher’s 
Xcalibur®, Agilents’ GC GC/MS ChemStation®, LC 
LC/MS ChemStation®, and Mass Hunter®, JEOL/
Sharder’s TSSPro®, and Bruker’s Workstation 6.9 
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to MS Search, brining it into focus, automatically searched, output the 
search results and return the focus to the calling program. For data systems 
that don’t have this connectivity, spectra in the mzML, netCDF, or JCAMP 
formats can be imported. NIST 11 is provided with AMDIS (Automated Mass 
spectral Deconvolution and Identification System) which reads the native 
form of many manufacturer’s GC/MS and LC/MS data file formats allowing 
for display of reconstructed total ion current (RTIC) chromatograms and 
selection of individual spectra to be sent to MS Search.
 MS Search has several different search algorithms. The two primary 
categories are the Identity Search, which is used to determine if there 
is a mass spectrum of compound that generated the spectrum of the 
unknown in the Database, and the Similarity Search, which is used when 
it is believed that there is not a spectrum of the unknown in the Database 
and spectra of similar compounds to the unknown are retrieved as an aid 
to determining the identity of a unique substance. Both of these searches 
are variations of the NIST Mass Spectral Search algorithm which is describe 
in detail in the manual sited above. A spectrum can be search so that the 

best spectral matches are reported or the best spectral matches within a 
subset of conditions (constraints*) are reported. A spectrum search can be 
constrained as to what elements are presence and the number of atoms 
each element, the nominal mass range that the analyte may have, name 
fragments that may be present, name fragments that should not be present, 
specific elemental compositions, and the presences of peaks with specific 
m/z values and the relative intensity (ranges) of these peaks. These 
m/z-intensity pairs can be designated as normal peaks, peaks that represent 
losses from the molecular or precursor ion, or that represent a position in 
an intensity range; i.e., the most intense peak in the spectrum or the 2nd, 
5th, etc. most intense. The most significant high m/z value peak can also be 
specified along with its intensity range.
 New to v.2.0g is the ability to constrain a spectrum search by specifying 
an accurate mass of the analyte molecule along with a +/- accuracy range 
in parts-per-million (ppm), or millimass units (mmu). A numeric value for 
the mass or m/z value can be entered, or an elemental composition can 
be specified. This is epically useful when data are acquired with a time-of-
flight (TOF) or some other type of mass spectrometer that provides accurate 
masses. All the spectra (both EI and MS/MS) in the NIST 11 Database are 
indexed according to their exact** mass. Anytime a spectrum record 
contains an elemental composition, not only will its nominal*** mass 
be reported, but its exact mass will also appear in the header of the Text 
Information Window for that spectrum. Spectra in User Databases can be 
indexed according to their exact masses so that these spectra can then have 
the exact mass as a constraint when these databases are searched. This 
means, that third party mass spectral databases such as the Wiley Registry 
and Wiley’s boutique databases and the Robert Adams Terpene database 
can be searched using the exact mass constraint.
 In addition to being able to search the Database of mass spectra using 
a submitted spectrum, it is also possible to perform a Structure Similarity 
Search. This allows for the submission of a structure that is imported from 
files using the molfile**** format or that exist on the Windows’ Clipboard 
in the molfile format and searching for similar structures in the Database 
resulting in a Hit List of compounds with similar structures. This is especially 
useful when dealing with an EI spectrum whose structure is suspected, but 
whose spectrum is believed not to be in the Database.

  
Figure 1

Figure 1: The Lib Search tab view of the NIST MS Search Program, called the Program’s Desktop.  Other 
views are selected by clicking on the tabs on the lower left of the display.  The Hit List can be displayed 
along with the hit number, database where the Hit is, Match Factor, Reverse Match factor, Probability, 
number of synonyms, and number of other databases containing the compound.

* All constraints are not necessarily available at the same time. For example if an elemental composition is used as a constraints, the number of 
atoms of a specific element and/or the elements presence constraints are not available.
** An accurate mass is a value that is measured using a mass spectrometer. An exact mass is calculated form the published exact masses of the 
elements and their number in an elemental composition.
*** The nominal mass of an elemental is the integer mass of the most abundant naturally occurring isotope of that element. The nominal mass 
of a molecule, ion, or radical is calculated from the nominal masses of the elements in the elemental composition. 
**** The Molfile is a file format that was created by Molecular Design Limited, founded in Hayward, CA in 1978 as a computer aided drug design 
firm. The company name was changed to Symyx until it merged with Accelrys. This ASCII file format contains information about the atoms, 
bonds, connectivity and coordinates of a molecule. The molfile consists of some header information, the Connection Table (CT) containing atom 
information, then bond connections and types, followed by sections for more complex information. It is considered an industry standard for 
chemical structures.



 The features of the MS Search Program are designed to facilitate the 
identification of analytes. The first five and last column of the Hit List (lower 
left window in Figure 1) of Lib Search Tab display have to do with actual 
searches. Columns one and two are the Hit number and an Identification of 
which of the up to 127 simultaneously searched databases (New in v.2.0g; 
previous versions were limited to 16 databases) the Hit is in, respectively. 
The next three columns pertain to match of the searched spectrum to the 
library spectrum. The first of these columns is a Match Factor that uses a 
numerical scale of 0 to 999 based on both the m/z value and the intensities 
of all the peaks in both spectra. The second is a Reverse Match Factor which 
is calculated in the same way as the Match Factor; however, all peaks in the 
sample spectrum that are not in the library spectrum are disregarded when 
it is calculated. This is especially useful when the spectrum represent more 
than a single compound. The third value is a Probability, which is a more 
esoteric property of the Hit. It is not only dependent on the quality of the 
match, but also the uniqueness of the spectrum for that compound in the 
database compared to all the other spectra in the database. For example if 
spectra of the three regioisomers of xylene are in the Hit List, the probability 
numbers will not be high for these Hits due to the fact that their EI mass 
spectra are almost identical. The last column is the primary name of the 
compound that is assigned to spectra in the mainlib. Information from 
these six columns can be displayed with a display of the structure as seen in 
Figure 2 which is an alternative view of the Lib Search Tab.
 Also New in v.2.0g of the MS Search Program is the optional display of the 
two columns between the Prob and Name columns. These columns show 
the number of synonyms associate with the Hit and the number of other 
database where the Hit’s compound can be found. These other databases 
are non-mass spectral databases. They include the Toxic Substance Control 
Act Inventory, EPA Environmental Monitoring Methods Index, European 
Index of Commercial Chemical Substances, and six others. When searching 
for known unknowns in various types of samples, two Hits which have 
similar numeric values can be differentiated from one another by the 
number of synonyms and the number of other databases containing the 
compound. The one with higher values for both of these is the more likely 
candidate. These two columns are also available in the Hit Lists produced in 
the Other Search tab view.
 When a Lib Search tab Hit List is displayed it is usually sorted either by the 
Match Factor or the Reverse Match Factor, depending on the settings in the 
Library Search Options multiple tabbed dialog box.; however, by clicking 
on any of the column headers (except Lib.) the Hit List can be sorted by that 
column. Again, this is also true for the Hit List in Other Search tab view. The 
Spec List (upper left part of Figure 1) can be sorted alphabetically. This Spec 
List is the same as the Spec List in the Librarian tab view.
 Some other import New features are the ability to have as many as 

1,048,560 spectra in a single library instead of 786,420 spectra (especially 
important when trying to use the combined Wiley Registry/NIST Database); 
import spectra from the Windows Clipboard that are in the NIST MSP text 
file format; ability to import spectra from mzXML and mzData MS and MS/
MS files (in addition to mgf, msp, dta, pkl, JCAMP, etc.); optional display of 
isomers and derivatives as replicates (actually was introduced with v.20f ); 
optionally turn off homologs in a Structure Similarity Search; and being 
able to do a string search in the Text Info Window. This last new feature is 
especially important when wanting to obtain information regarding a GC 
method associated with a Hit. If multiple methods are displayed, this feature 
can be used to find a specific column type or, especially because the journal 
article titles are included, the analysis of a substance in specific matrix.
 It should not go unnoticed that v.2.0g is compatible with the latest 
version of the NIST Peptide MS/MS Databases. These are twelve free 
databases, (downloadable from http://peptide.nist.gov/) that contain >700K 
spectra (Human, Mouse, Drosophila, C. elegans, Yeats, E. coli, Rat, Chicken, 
Sigmaups1, and BSA). Just like the spectra of di- and tri-peptides shown the 
NIST 11 MS/MS Database, these spectra will optional be labeled with m/z 
values of peaks or ion types (b and y).
 Covered in Parts 1 and 2 of this multiple part presentation on NIST 11, is 
the history of the NIST Mass Spectral Database(s), information about the 
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Figure 2: The Lib Search tab view with the Hit List displaying Hits as structures.



search of spectra and structures and what is contained in the results of 
those searched, and the compatibility of with the NIST Peptides MS/MS 
Databases and where to find them. To be presented in subsequent parts are 
the uses of the searches in the Other Search tab view, how to use the NIST 
EI Database as an aid to determining the structure from a MS/MS spectrum 
without a match in the NIST MS/MS Database (includes Substructure 
Identification utility), the used the MS Interpreter (a tool that correlates 
structure to spectra and predicts spectra from structures), building user 
libraries with customized fields (Librarian tab view), and the Compare tab 
view.

O. David Sparkman is currently an Adjunct Professor of Chemistry 
at the University of the Pacific in Stockton, California; Consultant 
to the National Institute of Standards and Technology Mass 
Spectrometry Data Center; President of ChemUserWorld.com; and a 
former American Chemical Society Instructor and American Society 
for Mass Spectrometry Member-at-large for Education. At the 
University of the Pacific he teaches courses in mass spectrometry 
and analytical chemistry and manages the mass spectrometry 
facility. Over the past 28 years, he has developed and taught five 
different ACS courses in mass spectrometry. He is the author of 
Mass Spectrometry Desk Reference. 1st and 2nd editions; Introduction 
to Mass Spectrometry, 4th ed. with J. Throck Watson and Gas 
Chromatography Mass Spectrometry: A Practical Guide, 2nd ed. 
with Zelda Penton.  He also provides general consulting services 
in mass spectrometry for a number of instrument manufacturers, 
manufacturing companies, and government agencies.

© Agilent Technologies, Inc. 2011

CHECK OUT ALL THE REASONS  
WE’RE THE MASS SPEC LEADER: 
www.agilent.com/chem/clearlybetter

LC/MS with iFunnel Technology gives you the lowest limits of detection—down 
to zeptomole levels at conventional flow rates.

GC/MS/MS acquisition speed up to 500 MRM transitions per second lets you 
automatically quantify and confirm more targets in a single method.

ICP-MS High Matrix Introduction (HMI) technology enables faster, easier  
ppt-level quantification of trace elements in the dirtiest samples.

CE/MS is the industry’s only single-vendor, fully integrated solution  
delivering flexibility, performance, and productivity—plus the  
confidence of Agilent reliability.

Agilent MassHunter Software makes your MS analyses faster,  
easier and more productive with software that is consistent for all  
your MS instruments.

P
P
P
P

P

http://www.agilent.com/chem/clearlybetter


An Improved SPE/LC/MS/MS Platform for the Simultaneous 
Quantitation of Multiple Amyloid beta Peptides in 
Cerebrospinal Fluid for Preclinical or Biomarker Discovery
Company: Waters
A previous application note described in detail the development 
of a fast, flexible SPE/LC/MS/MS platform for the quantification 
of multiple amyloid beta peptides from human or monkey CSF 
for the use in biomarker or preclinical disovery setting. In this 
note, the mass spectrometry platform has been updated from 
the Xevo TQ MS to the Xevo TQ-S system. This change facilitated 
both a 4X reduction in required sample size and a 4-5X increase 
in assay sensitivity.

Analysis of 258 Pesticides in Vegetable Matrix using Triple 
Quadrupole GC-MS/MS
Company: Bruker
A method for analysis of 258 pesticides has been developed 
on Scion TQ triple quadrupole mass spectrometer. The 
method setup is streamlined with the new software approach 
of Compound Based Scanning (CBS). The matrix-matched 
calibration results have demonstrated good sensitivity, linearity 
and precision of Scion TQ.

Developing New Methods for Pesticides in Dietary 
Supplements
Company: Restek
New requirements for dietary supplements to be manufactured 
under cGMP regulations have created a need for methods to 
detect pesticides in these complex, largely botanical products. 
QuEChERS offers a simple, cost-effective approach that 
can reduce matrix interferences as well as variation among 
technicians. Here we demonstrate a procedure that incorporates 
a QuEChERS extraction, cSPE cleanup and GCTOFMS, resulting 
in good recoveries for a wide range of pesticide chemistries in 
dandelion root powder.
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Analysis of 258 Pesticides in Vegetable Matrix using 
Triple Quadrupole GC-MS/MS

Abstract:
A method for analysis of 258 pesticides has been  
developed on Scion TQ triple quadrupole mass  
spectrometer. The method setup is streamlined with the 
new software approach of Compound Based Scanning 
(CBS). The matrix-matched calibration results have  
demonstrated good sensitivity, linearity and precision of 
Scion TQ. 

Introduction
There are nearly one thousand pesticides used in modern 
agricultural practice, and the residues of pesticides in the 
food from plant origins have been an increasing concern 
for consumers worldwide. Monitoring programs based 
analytical methodologies are established to ensure that 
the pesticide levels in plant foods are in compliance with 
national and international laws. However, the diversity of 
pesticides and complexity of food sample matrix present 
ongoing challenges for analytical chemists to meet the 
increasingly stringent requirements for sensitivity, precision 
and throughput. 

Gas chromatography (GC) coupled to a triple quadruple 
mass spectrometer (GC-MS/MS) operated in multiple 
reaction monitoring (MRM) mode is an ideal technique 
for multi-residue analysis in complex matrix samples[1]. In 
MRM mode, a precursor ion of a target residue is isolated 
in the first quadrupole (Q1), followed by collision induced 
dissociation (CID) in the second quadrupole (Q2), and one 
or two selected product ions are filtered through the third 
quadrupole (Q3) to reach the detector. MRM can greatly 
enhance the sensitivity through increased specificity and 
selectivity by reducing the background signals from matrix. 
Moreover, multiple MRMs from co-eluted residues can be 
monitored simultaneously. 

This application note describes a GC-MS/MS method for 
detection of 258 pesticides in a vegetable matrix after 
extraction using the QuEChERS (Quick Easy Cheap Effec-
tive Rugged and Safe) method. The ease of method setup, 
and the sensitivity, linearity and precision of the GC-MS/
MS system are demonstrated.
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New requirements for dietary supplements to be manufactured under cGMP regulations have created a
need for methods to detect pesticides in these complex, largely botanical products. QuEChERS offers a sim-
ple, cost-effective approach that can reduce matrix interferences as well as variation among technicians.
Here we demonstrate a procedure that incorporates a QuEChERS extraction, cSPE cleanup and GC-
TOFMS, resulting in good recoveries for a wide range of pesticide chemistries in dandelion root powder.  

Introduction
Recently the FDA announced that makers of dietary supplements (e.g. vitamins, herbal and botanical pills,
etc.) will have to adhere to current Good Manufacturing Practices (cGMPs), marking a major shift in reg-
ulatory oversight and testing for the industry. Previously, compliance was voluntary, but in 2003, due to
public and industry concern, the FDA proposed requiring dietary supplement manufacturers to adhere to
cGMP standards. The final rule was issued in June 2007 and is in full effect June 2010 [1]. Basic GMPs
require implementing comprehensive procedures to ensure product quality and safety. Since many dietary
supplements are largely derived from botanical sources, they must be tested for pesticide contaminants in
order to meet cGMP regulations. As a result of this requirement, labs are working to develop and validate
methods, an endeavor which is complicated by the wide range of pesticides and matrices to be tested.

Labs can begin method development with the FDA Pesticide Analytical Manual (PAM), which includes
procedures for plant materials. While PAM Method 303 is an appropriate starting point, it has several dis-
advantages, including high solvent consumption, manual procedures that contribute to analytical varia-
tion, and the inability to extract polar pesticides. As an alternative, we developed a QuEChERS-based
method for analyzing pesticides in dietary supplements that has several advantages over PAM 303 (Table
I). QuEChERS is an approach that was developed by the USDA Eastern Regional Research Center as a
simple, rapid, effective, yet inexpensive way to extract pesticide residues from fruits and vegetables, fol-
lowed by a novel dispersive solid phase extraction (dSPE) cleanup of the extract. Because of these bene-
fits, the approach has become popular and has been expanded to include numerous other matrices. We
chose QuEChERS as an alternative to PAM 303 because of its speed, simplicity, and low solvent use, as
well as its ability to produce good extraction efficiencies for relatively polar pesticides [2].

Based on preliminary studies, we knew that while the extraction part of QuEChERS would be successful,
the dSPE cleanup step probably did not have the capacity to handle the matrix complexity of most dietary
supplements. Thus, we compared dSPE to a cartridge solid phase extraction (cSPE) cleanup and established
a procedure that uses a QuEChERS extraction, cSPE cleanup, and GC-TOFMS for accurate determinations
of 46 pesticides in dandelion root powder. This approach saves time and can reduce analyst variation by
minimizing manual preparation with prepackaged extraction salts and snap-and-shoot standards. As
shown in Figure 1, it also uses much less solvent, salt, and sorbent, making it a greener, more cost-effective
method than PAM 303.

Table I Decrease costs and increase reproducibility with a GMP-friendly QuEChERS
approach to analyzing pesticides in dietary supplements.

Applications Note

Developing New Methods for
Pesticides in Dietary Supplements

Advantages of the QuEChERS Approach

Chromatography Products

PAM 303 QuEChERS Benefits of 
Method + cSPE QuEChERS + cSPE

Solvent used (mL) 1,850 92 20x less solvent;
cleaner, greener,
& cost-effective

# of Solvents 4 3
Salt and sorbent used (g) 35 6.6 5x less salt/sorbent
Glassware/lab • Separatory funnel • Centrifuge Fast, easy batch
equipment (1L capacity) • SPE manifold processing

• Filter apparatus
• Florisil column

Manual preparation • Salt solution None—prepackaged Highly reproducible;
• Standards salts and cSPE less manual prep means
• Florisil column cartridge are less human error
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Analysis of Cholesterol Lowering Drugs (Statins) Using Dried Matrix Spots Technology
Company: Agilent Technologies
Dried blood spot (DBS) technology combined with the analytical capability of modern mass 
spectrometers (LC-MS/MS) has recently emerged as an important method for the quantitative 
bioanalysis of small molecules. It is increasingly being looked at as a microsampling approach for 
preclinical and clinical pharmacokinetic/toxicokinetic studies. The primary advantage of DBS is the 
significant reduction in blood volume requirements, leading to cost and ethical benefits.

Non-Targeted Screening of Lipophilic Marine Biotoxins by Liquid Chromatography – 
High-Resolution Mass Spectrometry
Company: Thermo Fisher Scientific
Marine biotoxins are produced by naturally occurring microalgae, whose populations can increase 
significantly under certain environmental conditions to form a harmful algal bloom. This report 
describes the use of the Thermo Scientific Exactive benchtop LC/MS system powered by Orbitrap 
technology for screening lipophilic marine biotoxins commonly found in shellfish. The method was 
optimized using a standard mixture of marine biotoxins, and then applied to a mussel tissue extract.

High-Speed Analysis of Tocopherols and Polycyclic Aromatic Hydrocarbons
Company: Shimadzu
The fluorescence detector is used in a wide range of fields as a detector which is indispensible for 
its high detection sensitivity and selectivity. The Prominence RF-20Axs fluorescence detector not 
only achieves high sensitivity, it also includes as a standard feature a temperature controlled cell 
with a cooling function to provide highly reliable detection irrespective of ambient temperature 
fluctuations. Moreover, its excellent performance as a fluorescence detector for ultra fast LC is 
demonstrated with its high-speed sampling and fast response. Here we introduce examples of high-
speed analysis of tocopherols and polycyclic aromatic hydrocarbons using the Prominence 
RF-20AXS.

Non-Targeted Screening of Lipophilic Marine
Biotoxins by Liquid Chromatography –
High-Resolution Mass Spectrometry
Pearl Blay, Joseph P.M. Hui, Jeremy E. Melanson, 

National Research Council of Canada, Institute for Marine Biosciences, Halifax, Nova Scotia, Canada

James S. Chang, Thermo Fisher Scientific, San Jose, CA, USA

Introduction

Marine biotoxins are produced by naturally occurring
microalgae, whose populations can increase significantly
under certain environmental conditions to form a harmful
algal bloom (HAB). During the incidence of a bloom,
marine biotoxins pose a significant food safety risk when
bioaccumulated in shellfish that are ingested by humans.
Therefore, adequate testing for biotoxins in shellfish is
required to ensure public safety and long-term viability 
of commercial shellfish markets. 

The lipophilic marine toxins class includes the
dinophysistoxins, azaspiracids, pectenotoxins, and
yessotoxins. The compounds are structurally diverse, as
shown in Figure 1, and thus do not contain a common UV
chromophore or reactive functional group for fluorescence
derivatization. Therefore, LC-MS is the method of choice
for their analyses and several MRM-based methods have
been reported.1-3

In response to the need for non-targeted methods that
can potentially detect unknowns, high-resolution LC-MS
has been successfully implemented for screening and
quantification in food safety applications.4-6 The lower-cost,
higher-mass accuracy, and ease-of-use of modern quadrupole
time-of-flight (QTOF) and Thermo Scientific Orbitrap
based mass spectrometers have made high-resolution
systems viable alternatives to triple-quadrupole systems
for routine analysis. After full-spectrum data acquisition,
specificity is typically achieved by extracting narrow mass
windows (ie. 2–5 ppm) centered around a list of target

analytes. Using this approach, it has been demonstrated
that a resolving power of 50,000 or greater is required for
correct mass assignments in complex matrices.6 This
report describes the use of the Thermo Scientific Exactive
benchtop LC/MS system powered by Orbitrap™ technology
for screening lipophilic marine biotoxins commonly found
in shellfish.7 The method was optimized using a standard
mixture of marine biotoxins, and then applied to a mussel
tissue extract. 

Experimental

Chemicals and Materials

Certified calibration solutions and mussel tissue reference
materials were purchased from the NRC Certified
Reference Materials Program (Halifax, Nova Scotia,
Canada). Certified calibration solutions were used for the
following biotoxins: okadaic acid (OA), dinophysistoxin-1
(DTX1), dinophysistoxin-2 (DTX2), pectenotoxin-2
(PTX2), azaspiracid-1 (AZA1), azaspiracid-2 (AZA2),
azaspiracid-3 (AZA3), and yessotoxin (YTX). As a test
sample, a mussel tissue containing certified levels of OA
and DTX1 was used (CRM-DSP-Mus-b).

HPLC grade acetonitrile and formic acid (98%) were
purchased from EMD chemicals (Gibbstown, NJ, USA).
Distilled-in-glass grade methanol was acquired from Caledon
Laboratories (Georgetown, ON, Canada), and ammonium
formate (≥ 99.0%) was from Fluka (St. Louis, MO, USA).
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Figure 1: Chemical structures of the primary analogs of the regulated lipophilic marine biotoxins
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Applications of the Prominence RF-20AXS Fluorescence Detector  
High-Speed Analysis of Tocopherols and Polycyclic Aromatic Hydrocarbons

High Per formance Liquid Chromatography

The fluorescence detector is used in a wide range of 
fields as a detector which is indispensible for its high 
detection sensitivity and selectivity.
The Prominence RF-20Axs fluorescence detector not 
only achieves higher sensitivity than ever before 
possible (water Raman SN ratio greater than 2000), it  
also includes as a standard feature a temperature-
controlled cell with a cooling function to provide highly 

reliable detection irrespective of ambient temperature 
fluctuations. Moreover, its excellent performance as a 
fluorescence detector for ultra fast LC is demonstrated 
with its high-speed sampling and fast response.
Here we introduce examples of high-speed analysis of 
tocopherols and polycyclic aromatic hydrocarbons 
using the Prominence RF-20AXS.

■ Analysis of Tocopherols
Tocopherols (Vitamin E) consist of a class of nutrients 
that are not only used as food additives such as 
antioxidants and nutritional supplements, but are also 
included in natural ingredients. Tocopherols are known 
to exist in various forms, including the β-, γ-, and δ- 
isomers, not to mention α-tocopherol (Fig. 1).
HPLC analysis of tocopherol isomers is typically 
conducted using normal phase chromatography 
combined with fluorescence detection. Here we 
conducted ultra fast analysis using the Shim-pack XR-
SIL high-speed, high-resolution analytical column 
(particle diameter 2.2 μm) together with the RF-20Axs 
detector. Fig.  2 shows an example of analysis of a 
standard solution of 4 tocopherols (2 mg/L each) using 
the Shim-pack CLC-SIL (M) conventional column 
(particle diameter 5 μm) and the Shim-pack XR-SIL.  
Table 1 shows the analytical conditions used. The 
Shim-pack XR-SIL shor tened the analysis time to less 
than one-fourth of the time when using the Shim-pack 
CLC-SIL(M).
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Fig. 1 Structure of α-Tocopherol

Fig. 2 Chromatograms of Standard Mixture of Tocopherols (2 mg/L each)

Table 1 Analytical Conditions

Column

Mobile Phase
Flow Rate
Column Temp.
Injection Volume
Detection
Cell Temp.
Flow Cell

: Shim-pack XR-SIL (75 mm L. × 3.0 mm I.D., 2.2 μm)
Shim-pack CLC-SIL(M) (150 mm L. × 4.6 mm I.D., 5 μm)

: Hexane / 2-Propanol = 100 / 0.5 (v/v)
: 1.2 mL/min (XR-SIL), 1.0 mL/min (CLC-SIL(M))
: 30 ˚C
: 4 μL (XR-SIL), 10 μL (CLC-SIL(M))
: RF-20AXS Ex. at 298 nm, Em. at 325 nm
: 25 ˚C
: Semi-micro Cell (XR-SIL)
  Conventional Cell (CLS-SIL(M))
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