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Keywords:
Antioxidant screening by using LCMS/MS

Novel aspects:
LCMS/MS can be used for screening of antioxidants present in unripe Manilkara zapota fruits, for their potential application as 
new source of natural antioxidants for food, nutraceutical and pharmaceutical industries.

Abstract:
Introduction
Antioxidants are the compounds that act as radical scavengers, prevent the radical chain reactions of oxidation, delay or inhibit 
the oxidation process and increase shelf life by retarding the process of lipid peroxidation.
Antioxidants found in fruits and vegetables play an important role via their protective effects against the onset of aging-related 
chronic diseases. The objectives of this study is to screen the antioxidants present in unripe Manilkara zapota fruit, which is 
commonly available in India, and to indicate that it can become a new source of natural antioxidants for food, nutraceutical and 
pharmaceutical industries. The LCMS/MS is used to identify the presence of antioxidants from the plant. 
Method
Antioxidants were extracted from unripe Manilkara zapota fruit followed by purification using Solid Phase Extraction （SPE）. Eluate 
from SPE was subjected to Low Volume Evaporator （LVE） with final reconstitution in methanol.
The extract was then analysed using Ultra High Performance Liquid Chromatography （UHPLC） Nexera system coupled with LCMS-
8030 triple quadrupole system of Shimadzu Corporation. The use of LCMS-8030 ultra high speed mass spectrometer, which is 
compatible with UHPLC system, aided in keeping the ultra fast and high sensitivity without any deterioration in the quality of data. 
The use of Nexera with High Speed LCMS/MS has facilitated not only in achieving fast method development but also in getting 
high sensitivity in MS/MS mode. 
Preliminary Data
Antioxidants were extracted from unripe Manilkara zapota fruit and UHPLC method was developed for the analysis of the same. 
The extract was also subjected to mass spectrometric analysis using triple quadrupole system. 
Polyphenol antioxidants like catechin, epicatechin were observed in the extract. Their presence was confirmed by comparing m/z 
values obtained with those cited in the literature. Product Ion Scan spectra for selected precursor ions gave further confirmation 
of their presence.
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Keywords:
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Novel aspects:
Mass++’s unique plug-in architecture makes it easy for third parties to extend the extensive core feature set with original 
functionality which may be distributed freely.

Abstract:
Introduction
 Mass++ was originally funded by CREST （Core Research for Evolutional Science and Technology） and developed by Eisai. 
Mass++ 2.0.0 development was taken over by Shimadzu Corporation with continued support from Eisai, and funding from FIRST 
（Funding Program for World-Leading Innovative R&D on Science and Technology）.
 Mass++ is freeware for mass spectrometry analysis that can be downloaded from http://www.first-ms3d.jp/. Mass++’s primary 
objectives are：
 1. To provide essential functionality for proteomics and metabolomics analysis.
 2. To support a wide range of vendors’ data file formats.
 3. To be easily extendible using plug-in technology. 
 Mass++’s rich feature set, implemented as plug-ins to the core software, includes chromatogram, spectrum, heatmap and 3 D 
viewers, data pre-processing, advanced peak detection and quantitative analysis.
Support for a wide range of data file formats has been implemented - Shimadzu （LCMSsolution, GCMSsolution）, Applied 
Biosystems （Analyst, AnalystQS）, Thermo Fisher （Xcalibur）, Waters （MassLynx）, mzXML/mzML and MSB （original format）.
 Mass++ is distributed as freeware. Mass++’s unique plug-in architecture makes it easy to use Mass++ as a base platform onto 
which original functionality may be implemented as plug-ins.

Method
 Mass++ has a “plug-in type“ concept； by handling plug-in types, a plug-in can respond to Mass++ events （for example, when a 
spectrum is displayed, a DRAW_SPEC event occurs and any plug-in could respond by annotating additional information onto the 
graph） or it can define itself as a certain type of plug-in, and it will appear as a new option in a dropdown list within Mass++. The 
types of plug-in that can be created include：
 - Data file input
 - File export
 - Peak detection （spectrum, chromatogram, 2 D）
 - Charge detection
 - Database search
 - Peak filter
 - Peak analysis
 - RT （retention time） alignment
 To support third party developers who want to write original plug-ins, Mass++ ships with：
 - Comprehensive documentation
 - Microsoft Visual Studio development wizard.
 This presentation will show, step-by-step, how easily new functionality can be developed with the Mass++ platform, using as an 
example a simple plug-in to eliminate unwanted detected peaks based on a user-specified height threshold.
The steps for creating a new plug-in are as follows：
 1. Create a plug-in project using the development wizard
 2. Define the user interface and handler functions etc. in definition XML files
 3. Implement handler functions
 4. Copy the built plug-in DLL and XML files into the Mass++ plug-ins folder

Result



 Newly-created plug-ins are auto-detected the next time Mass++ is run, and their functionality automatically appears in Mass++, 
for immediate use. It is hoped that third party developers will be encouraged to take advantage of Mass++’s rich core 
functionality via its SDK to develop their own original plug-ins. New plug-ins may be distributed freely.

References
 1 ） S.Tanaka et al., MSSJ 57th 3 P-44 （2008）.
 2 ） S.Tanaka et al., MSSJ 58th 2 P-004 （2009）.
 3 ） S.Tanaka et al., ASMS 59 th  ThP383 （2011）
 4 ） H.Parry et al., MSSJ 59 th  2 P-01 （2011）
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Keywords:
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Novel aspects:
Identification and quantification of thirteen AHLs in a complex activated sludge system were demonstrated for the first time using 
UHPLC-MS/MS

Abstract:
*Corresponding author

Introduction

Quorum sensing （QS） signalling is critical for coordinating the social behaviours of bacteria, i.e., regulating biofilm development 
［ 1 ］. Acyl-homoserine lactones （AHLs） consist of a homoserine lactone ring and an acyl side chain, at variable lengths, oxidation 
states and saturation levels, are the most common signals employed by the bacteria. As AHLs are highly susceptible to elevated 
temperatures, alkaline conditions, and are often degraded rapidly by other microbes living within the same niche, it is always a 
real challenge to characterize and quantify AHLs in the natural environments ［ 2 ］. Conventionally, AHLs are detected by 
biosensor-dependent assays, which are time-consuming and with limited sensitivity detecting all range of AHLs ［ 3 ］. Here, a 
UHPLC-MS/MS method is developed to overcome the limitations of the biosensor-based AHL detection.

Experimental

Naturally occurring AHLs, from the activated sludge of a lab-scale bioreactor system, were extracted by dichloromethane. The 
samples extracted were analysed on UHPLC-MS/MS tandem quadrupole system （Shimadzu LCMS-8030） using a Shim-pack XR-ODS 
column （ 2  x 100 mm, 2.2µm）. A total of thirteen synthetic AHLs, ranging from C 4  to C14, with various oxidation states, were used 
as reference AHLs for the analysis. Automatic MRM optimization was applied to each standard to determine the MRM transitions 
for subsequent sample analysis. A pair of MRM transitions was selected for each standard. The MRM transition that exhibited 
higher intensity was used for quantification analysis, while the other for confirmation of the AHL identity. In addition, MS full scan 
coupled with synchronised survey scan was employed to identify possible existence of other AHL structures with predicted m/z 
values.

Results and discussion



A rapid and sensitive quantitative MRM method for the AHLs was established using UHPLC-MS/MS. This UHPLC-MS/MS based 
method allows for detection and identification of AHL identities with high level of confidence, which would not be achievable 
otherwise by the conventional biosensor-dependent assays that generally require the AHL samples to be first separated on a thin 
layer chromatography （TLC） plate, followed by the detection with a specific bacteria biosensor overlay. Using the synthetic AHLs 
as standards, in the blank sample matrix, good repeatability of the UHPLC-MS/MS method was demonstrated. Despite the 
presence of complex matrix components, which are highly inhibitory to the ionization of the AHL molecules with ESI interface, the 
limit of detection （LOD） for all the thirteen AHL standards were found to be approximately 0.1 ppb to 1.0 ppb. These LOD values 
are comparable to various biosensor-based AHL detection methods ranging from 0.05 ppb to 1000 ppb. However, unlike the 
biosensor assays, which are often bias towards specific types of AHLs with different acyl side chain lengths and oxidation states, 
the UHPLC-MS/MS method is unequivocally sensitive to all the AHLs studied at various oxidation stages. This was demonstrated 
by the detection of naturally occurring AHLs in activated sludge samples, with acyl side chains ranging from C 4  to C10-HSL and 
with or without carbonyl-substitution at low concentrations. On the other hand, the analysis using Agrobacterium tumefaciens 
A136 biosensor was only able to detect the presence of carbonyl-substituted C 8 -HSL （C 8 -OXO-HSL） in the same samples 
extracted. Moreover, an additional MS full scan coupled with synchronized survey scan approach allowed further detection of 
other AHL structures beyond the thirteen synthetic AHL standards that were present in the samples, which would be otherwise 
not detectable by the biosensor methods.

Conclusions

It was clearly demonstrated that UHPLC-MS/MS as a rapid, sensitive and high-throughput alternative to the conventional 
biosensor-dependent approach in validation and quantification of quorum sensing signalling molecules in the complex 
environmental samples.
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Keywords:
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Novel aspects:
The workflow by non-targeted analysis using GCxGC TOFMS is an efficient method to extract potential candidate compounds 
from the huge quantities of peak data.

Abstract:
Introduction
 The investigation of aroma compounds has been growing in importance in several analytical fields such as food science and the 
environment, as well as clinical medicine. In such samples, there are many kinds of flavor compounds which contribute to the 
overall sample flavor profile in a synergistic way. Therefore, comprehensive profiling of the aroma components is essential. GCxGC 
TOFMS allows non-target analysis and comprehensive fragrance screening due to the enhancements in selectivity and sensitivity 
provided by two dimensional GC （GCxGC） and by Time of Flight mass spectrometry （TOFMS）. In this presentation we show an 
example of the comparison of the fragrance components of Awamori, specialty distilled liquor in Okinawa, that has been stored in 
three different types of vessel, stainless steel, glass and pottery bottles, for twenty years. There are significant differences in flavor 
between samples due to the long aging process and the method of storage. We applied a non-target analytical method using 
GCxGC TOFMS to characterize each sample and determined typical compounds defining sample characteristics. We present a 
workflow for this study and discuss the efficiency of the method for flavor/fragrance analysis.

Method and Materials
 One micro liter of each Awamori sample was dispensed into a tall vial （10 mL） and diluted with 1  mL of distilled water. After 
capping of the vials, aroma components were collected using SPME （DVB/CAR/PDMS） at 60° C, for twenty minutes. The GCxGC 
data were collected on a Pegasus® 4 D GCxGC-TOFMS system （LECO Corporation） and processed using ChromaTOF® Version 
4.41 software. We repeated the measurements four times for each sample to allow a variance analysis. All peak lists tables for the 
samples were subjected to a peak alignment step in the software to generate a spread sheet which could be exported into the 
multivariate analysis software JMP08.

Results
 More than three thousands peaks were detected for each sample. In order to compare samples we summarized all peak lists 
into a spreadsheet using the peak alignment function in ChromaTOF 4.41 software. Additionally we calculated Fisher Ratios for 
each compound in the list. The Fisher Ratio which is a variance ratio between class-to-class and within-class variance is a powerful 
tool to eliminate peaks that do not show significant difference among the data sets. We sorted the Fisher Ratio of each compound 
in the peak list in descending order. Since the higher Fisher Ratio is generated by good repeatability and significant differences, 
the top 150 compounds were assumed to be important candidates as that contribute to the characteristics of the sample. The list 
of candidates includes many aromatic compounds （e.g. esters, terpenes, sulfur compounds, etc.）. The compound name and peak 
area data in the list can be used to express the relative abundance ratio of each compound with a 100% stacked bar graph. This 
workflow provides not only information about compound identity but also quantitative data. The candidate list can also be 
subjected to multivariate analysis, and showed definite differences between samples in a principal component analysis. The result 
indicates that this workflow by non-targeted analysis using GCxGC TOFMS is an efficient method to extract potential candidate 
compounds from the huge quantities of peak data.
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Novel aspects:
Coordination species, which extends to form coordination polymer, was detected by cold-spray ionization mass spectrometry.

Abstract:
Coordination bonding is one of the most attractive interactions for the construction of nanometer-sized molecules such as 
catenane, rotaxane which is dumbbell shaped molecule, and guest encapsulating compound. The interaction provides the 
reaction profiles as well as selective molecular recognition capability. Analytical techniques such as NMR spectroscopy, X-ray 
analysis and other spectroscopic approach have been developed with a progress of macromolecular synthesis and applied to 
reveal coordination structure or selective molecular recognition. However, conventional mass spectrometry （MS） has not been 
adopted for these labile complexes even by using soft ionization, such as electrospray ionization （ESI）. Cold-spray ionization （CSI） 
at low temperature has made it possible to observe labile coordination species without any dissociation. CSI-MS has been applied 
to unstable compounds, Grignard reagents, host-guest molecules, multiply stranded DNAs, and other unstable biological 
compounds. 
 Metal-organic porous materials mainly categorized as metal-organic frameworks （MOFs） and coordination polymers （CPs） are 
generally obtained by hydrothermal synthesis and the diffusion method, respectively. After the material is synthesized, structure of 
the product, generally obtained as the solid, is determined by powder or single-crystal X-ray structure analysis. 
However, the coordination species which is soluble and grown up to be insoluble coordination polymer has not received any 
attention for a long time. In recent research, the crystal growth of MOFs was investigated by time-resolved in situ X-ray scattering. 
Although this analytical method yields a part of the metal-organic structure determined by the combination of the ligand and the 
metal before crystallization, it is not sufficient to discuss the detailed structures of the coordination species in solution. In our 
previous study, it was succeeded to observe organic network structure with hydrogen bonding of steroid compounds over 10-mer 
in solution by CSI-MS and confirms its network structure accommodated into crystal. The molecule having weak interaction each 
other in solution generally exhibits good agreement with the structure observed in crystal.
 In this work, we observed the coordination behavior in solution by CSI-MS comparing to the crystalline coordination structure. To 
discuss coordination, Cu（I） iodide was selected as a metal which potentially had two competitive weak interactions： 
coordination bonding and metal-halogen interaction. Although Cu（I） iodide was a widely used catalyst for the 1,3-dipole 
cycloaddition reaction to obtain multiply substituted 1,2,3-triazole, the tetrahedral CuI easily gave 1 -D chain cluster with metal-
halogen interaction. Complexation of organic ligand having multiple nitrogens with the copper potentially gives several 
coordination compounds. In addition, the two competitive weak interactions furnish highly complicated pathways for the 
construction of coordination polymers. We investigated a soluble coordination species in CSI-MS and discuss coordination 
structure in solution compared with coordination polymer.
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Novel aspects:
A library of plant metabolites is developed of recurrent unidentified spectra. Specific algorithms to improve the data quality for 
complex data files are discussed.

Abstract:
A principal problem in plant metabolomics is the large number of unidentified components in the samples. However, these 
complex mixtures may be characterized by frequently recurring components in terms of the spectral and retention parameters of 
the components. We have developed a series of methods for the analysis that provides high quality spectra with well 
characterized retention parameters for recurrent compounds that can be used in search libraries. Here we discuss the algorithms 
that are used to filter and sort these data. The example data used here is a set of essential oil samples of Vetiver taken from 
multiple commercial sources and analyzed at multiple dilutions.

The GC/MS data files are deconvoluted using the NIST deconvolution software AMDIS and a target library composed of spectra 
from the NIST MS library （NIST11） as well as spectra from the literature for components in Vetiver. The analysis was limited to a 
region of the chromatogram between 16 and 31 min on DB-5. Typically 120 to 200 components were extracted by AMDIS with 
about one half identified using the target library. All unidentified components were then analyzed to determine which recurred. 
AMDIS was run in a mode that rejected data if there were too few ion peaks that had similar time histories （model peaks）, if the 
S/N of the spectra was so low that the minimum ion peak that could be extracted from the noise was not at least 0.5% of the 
base peak. The resulting set of unidentified peaks provided between 200 and 400 unknowns that were recurring. These unknowns 
were then searched against the entire NIST database and where identification was made （initially about 5 % of the unidentified 
components）, the new compounds were placed in the target library. 

The spectra from the recurring unknowns were further processed using a set of algorithms that examined the distribution of peaks 
in the spectrum. These algorithms were designed to find spectra that a human expert would find “unlikely“. The preliminary 
version of the algorithm focused on the appearance of clusters of peaks. Thus spectra with numerous isolated peaks with no 
apparent isotope peaks were rejected. In addition, spectra with very few peaks were rejected as were spectra that appeared to 
have unreasonable neutral losses. Preliminary application of these criteria rejected almost 80 % of the unidentified spectra. The 
resulting 20% were incorporated into a target database and then rerun against the data files to confirm the quality of the data. The 
resulting data sets were examined exactly as was done with the initial data set and the same set of filters were applied to define 
any remaining high quality spectra that could be added to the library. 

The challenge in analyzing these complex mixtures is that there are two common problems that give poor spectra - strong overlap 
between components so that it is not clear that there are multiple components （resulting in extra peaks in a component） and 
small components that are partially coeluting with larger components containing common ions that make the deconvolution of 
the these ions difficult （resulting in missing peaks in the component）. Specific algorithmic tools were developed to identify cases 
where one or the other of these problems was occurring and spectra where these problems could be identified were rejected. 
The success of these algorithms was tested on the Vetiver data prior to their being applied to a far larger set （over 1000 data files） 
of essential oils. 

The library of these recurrent, high quality spectra is available for download.
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Novel aspects:
Structure estimation of triacylglycerol by comparing calculated peak pattern with high energy CID spectrum using MALDI-TOF-TOF 
tandem MS was performed

Abstract:
Introduction：
Lipids are the molecules consisted of backbone structure, such as glycerol and, which combined with one or more fatty acids 
combined with backbone. Characters of lipids vary according to structure of fatty acids in those. Structural analysis of lipids have 
been performed using tandem mass spectrometer. Especially tandem mass spectrometers which are capable of high energy CID 
have been well performed for obtaining detail structure of fatty acid moieties, such as position of double bond and branching, by 
observing signal yielded by charge remote fragmentation. However, product ion spectra of lipids which have two or three fatty 
acids observed by those instruments is quite complex to interpret structural information, because signals derived from each fatty 
acids are overlapped in a product ion spectrum. Therefore, simple interpretation methodology of product ion spectra is necessary. 
In this study, automatic interpretation based on database search was performed. There are some databases of product ion 
spectra of lipids, but those which has enough product ion spectra of lipids by high energy CID is not found. And, development of 
new database required the much time, effort, and many money to acquire product ion spectra of lipids standards. So, we 
attempted to develop the estimation method of product ion spectrum of lipid based on the empirical rule. This empirical rule was 
established by comparing the product ion spectra between the several kinds of lipids that have a similar structure each other. 
 We report the estimation method of high energy CID product ion spectra of lipids and the validation result of the method by 
employing triacylglycerol as a test sample.

Method： 
A JMS-S3000 “SpiralTOF“ MALDI-TOF-TOFtandem MS （JEOL Ltd., Tokyo, Japan） was employed for obtaining product ion spectra 
of several kinds of TAG whose chemical structure have already known. The product ion spectrum of one of TAGs in low or middle 
mass region were estimated by consulting past literature［ 1 ］. And the product ion spectra in high mass region were estimated 
based on the observed product ion spectra of TAG that has similar structure. The product ion spectra of several kinds of TAG 
（54： 3 ） were estimated by using above method, and those were stored into the database. MassBank search system were used 
for product ion search between observed product ion spectra and estimated spectra. 

Result：
The product ion spectra of several kinds of isomer of TAGs （54： 3 ） were estimated and stored on to the private database of 
MassBank. The observed product ion spectrum of TAG （16：0,18：1,18： 2 ） were applied for MassBank search by using the private 
database. As a result of database search, correct candidate was clearly distinguished from some structural isomers of TAG （54：3 ）. 
On the other hand, identification of positional isomers was not clearly performed （MassBank search gave almost same score for 
each isomers） because product ion spectra in high mass region were exact same that was induced by CRF of fatty acid moieties. 
But, characteristic peaks which enable identification of positional isomers were observed. If the search algorithm can be improved 
for TAGs by using such characteristic peaks, product ion spectrum search system based on MassBank has possibly to be useful 
tool for lipids identification.

［ 1 ］. Pittenauer,E.； Allmaier, G.； J. Am. Soc. Mass Spectrom. 2009, 20, 1037-1047.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 34: MS Informatics for Identification and Characterization

PTh-031
11:10 － 12:20

Identification of antioxidants in Fructus aurantii and its quality evaluation3 
using a new on-line combination of analytical techniques

ZONGTAO LIN2, JING DONG1, HONG WANG2, YING XU2, YUKI HASHI3, SHIZHONG CHEN2

1 Shimadzu(China), Beijing, China, 2 School of Pharmaceutical Sciences, Peking University, Beijing, China, 3 Shimadzu 
(China) Co., Ltd., Shanghai Office,ShangHai, China

　
Keywords:
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Novel aspects:
An on-line system developed here can be applied for rapid, accurate identification of multiple active constituents in Fructus 
Aurantii

Abstract:
A new on-line method for simultaneous identification and monitoring of antioxidants in Fructus aurantii was established by 
coupling high performance liquid chromatography-diode array detector-electrospray ionisation-ion trap-time of flight-mass 
spectrometry with post-column derivatisation and luminol-potassium ferricyanide chemiluminescence （HPLC-DAD-ESI-IT-TOF-MS-
PCD-LPFCL）. While the HPLC fingerprint, structural identification and radical scavenging profile were rapidly obtained by an on-
line assay using ultraviolet （UV） absorption, MS and LPFCL, details of the precise substitution patterns of various structures were 
achieved through UV absorption using PCD addition of shift reagents. Twenty-five flavonoids were identified by either their PCD 
and MS data or comparison with reference substances. Data collected both from chromatograms and activity profiles of 12 
samples revealed significant differences among samples from different habitats. The results showed that this method was rapid 
and precise, and therefore would be an effective and sensitive method for biocompounds analysis and quality evaluation for 
complex food and medicinal samples.
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Novel aspects:
To our knowledge, this is the first report of using the proteomic strategy to distinguish Taiwan teas from the foreign teas.

Abstract:
Oolong is a traditional Chinese tea (Camellia sinensis), one of the major teas in Taiwan, processing with partially fermentation, the 
major components are tea polyphenols and caffeine. Many studies have proofed that drinking of tea appropriately can prevent 
cardiovascular disease, obesity and cancer. Recently, the cheap cost and the poor-quality of the foreign tea have made an 
enormous impact on Taiwan teas. The blend of low-quality foreign teas with Taiwan teas resulted in the low competitiveness of 
Taiwan teas exportation. Furthermore, consumers are worried about the unclear place of production and indistinct safety of 
import foreign teas. In this study, we focus on finding the key biomarkers to differentiate between import foreign teas and Taiwan 
teas. The sources of Taiwan oolong teas come from Nantou, Chiayi, Taitung, New Taipei City, Taichung, Ilan, Hualien, Yushan, 
Lishan, Alishan, Deer Valley, Lushan, Dong Ding Mountain, and ones of foreign oolong teas come from Thailand, Indonesia, and 
South Vietnam. Until now, several studies have showed that the proteome expression profiles of plant leaves altered with the 
variant environment, including harvest time, composition of the soil, insect damage, disease, cultivation, and the pollution of 
pesticide and heavy metals, it have been carried out on different kinds of stress in plants and biomarker discovery. Herein, 
2 D-PAGE （two-dimensional polyacrylamide gel electrophoresis） was applied to the comparative proteomics analysis of the teas 
with different production place. These specific proteins could be used to distinguish Taiwan teas from the foreign teas.
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Keywords:
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Novel aspects:
We developed an easy-to-use and scalable software platform for proteomic analysis, and its application for protein identification. 
They will be publicly released on the web.

Abstract:
Introduction

For proteomic analysis, it is often necessary to modify the analysis procedure for the large amount of data acquired. However, it 
takes time and effort to rewrite the “controlpart“ of the entire process, such as the control part of the execution sequence for 
multiple programs, or the administration for multiple computational servers, etc. Moreover, this rewrite is not related to the 
proteomic analysis itself. For the UNIX environment, some tools for these purposes are already available, although utilizing them 
presents a significant hurdle for experimental scientists to overcome, because they require an advanced knowledge of computer 
systems. Hence, an easy-to-use software platform for the bioinformatics analyses of proteomic data is widely anticipated.

Implementation of JobRequest

We developed the “JobRequest“ analysis platform in order to overcome the situation mentioned above： this program has a 
scalable architecture that works on one or more PCs, and controls the hardware and the entire process on both Windows and 
UNIX compatible （Linux） environments via a graphical user interface. JobRequest itself can be run on both Windows and Linux, 
accompanying the Apache web server. This platform automatically executes system-related tasks and scalability-related tasks 
such as designing parameter setting screens, scheduling tasks and assigning low load PCs to each analysis process： hence users 
are relieved from the burden of implementing these functions, and can focus on writing the actual analysis programs. For the 
analysis programs in JobRequest, web-standard languages, such as PHP, Ruby, and Perl, are supported. We will introduce the 
basic functions of JobRequest in the poster presentation session.

Implementation of ProteoAnalysis

As a practical application of JobRequest, we also constructed the “ProteoAnalysis“ software suite on the JobRequest platform 
for the identification of proteins from raw mass spectrometry data. By inputting multiple raw data, this suite automatically 
executes several processes as follows, in parallel：
 （ 1 ） Making peak lists using Mass++ ［ 1 ］ functionality.
 （ 2 ） Identification of proteins from MS/MS spectra using X! Tandem as the search engine and
 searching using MSPTM-DB, which we have developed ［ 2 ］ ,is also available.
 （ 3 ） Filtering results by search scores.
 （ 4 ） Adding detailed annotations such as Gene Symbols, Gene Ontology terms, literature
 information etc.
Each result is automatically merged and integrated into a single file and displayed on the screen or saved in a comma separated 
value （CSV） file which can be opened in Excel. Both JobRequest and ProteoAnalysis will be freely available to download in the 
immediate future. ProteoAnalysis will also be published as a web service.

References



［ 1 ］ Tanaka, S., et al., Development of a client tool for a mass spectra database. 59th ASMS Conference on Mass Spectrometry 
and Allied Topics, 2011, Denver, USA.
［ 2 ］ Yoshizawa, A.C., et al., MSPTM-DB： a known PTM database for high-speed and accurate search available on the 
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Keywords:
Fragmentation, Glucuronide, CID, ESI, ISD

Novel aspects:
An MS approach for determining the site of glucuronidation in glucuronide metabolites was found by using CID, pos/neg ion 
mode, and ESI-ISD methods.

Abstract:
[Introduction]
Identifying metabolic pathways of a drug candidate is important not only for its pharmacokinetic characterization, but also for the 
estimation of its safety and efficacy. The chemical structures of metabolites are mainly estimated based on mass fragmentation 
data in drug discovery. It is known that glucuronidation is one of major non-CYP metabolic pathways. However the metabolic site 
of glucuronidation is difficult to determine using mass fragmentation data, because the glucuronide is easily decomposed during 
electrospray ionization （ESI） process and rapidly dissociated during fragmentation process. In this study, the in-source decay （ISD） 
in ESI and collision-induced dissociation （CID） of glucuronide metabolites were investigated using eight model compounds.

[Method]
Acyl-glucuronides of probenecid, ketoprofen, naproxen, and telmisartan, and 0 -glucuronide isomers of raloxifene and ezetimibe 
were used as model compounds. Experiments were performed using a LTQ Orbitrap Velos hybrid mass spectrometer with 
electrospray ionization interface （Thermo Fisher Scientific Inc., San Jose, CA）. The solution of glucuronide standards at a 
concentration of 20 μmol/L, delivered by a syringe pump at a flow rate of 5  μL/min, was mixed through a T-piece with an HPLC 
effluent. The mobile-phase flow rate was set at 0.2 mL/min. The heated capillary was set at 330°C, and the spray voltage was kept 
at 4.5 kV （positive ion mode） or 3  kV （negative ion mode）. The sheath gas flow （N 2 ） and auxiliary gas flow （N 2 ） were set to 50 
and 10 arbitrary pressure units, respectively. Capillary and lens voltages were systematically optimized for the protonated or 
deprotonated molecule using autotune. The CID was used to acquire the product ion spectra using helium as a collision gas in the 
ion trap. 

[Results and discussion]
The ionization efficiency of each deprotonated molecule ［M-H］ -  was little different among eight model compounds in negative ion 
mode. However that of protonated molecule ［M+H］ +  was so much different in the positive ion mode. In the case of the 
compounds ketoprofen and naproxen, the protonated molecule was not detectable at any conditions. This may be due to low-
efficiency of protonation since they have no nitrogen atoms in their chemical structures. The extent of the deconjugation in ESI-ISD 
was very low in the negative ion mode except for a compound probenecid, On the other hand, the glucuronide of the compounds 
ezetimibe, probenecid and telmisatan was dissociated easily in positive ion mode. The extent of the deconjugation of telmisartan 
glucuronide was higher under acidic conditions than neutral conditions. The results obtained about the telmisartan in the positive 
ion MS data and chemical conditions suggested that the dissociation or deconjugation takes place through the attack of proton 
to the analyte molecules. The fragmentations in the CID spectra of six model compounds showed that the glucuronide moiety 
was rapidly dissociated even when lowest collision energy was applied, while the CID spectrum of two ezetimibe glucuronides 
did not show a rapid dissociation. When the compounds have a beta-lactam ring like the ezetimibe, a rapid dissociation of the 
lactam moiety occurred. Here we obtained the information about the MS and chemical conditions for the dissociation or 
deconjugation of glucuronide metabolites, and using the information obtained here the glucuronidation sites could be obtained 
on the basis of the fragmentation analysis.
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Keywords:
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Novel aspects:
These salt-responsive ubiquitinated proteins may be helpful in further elucidating the molecular mechanisms involved in protecting 
plants from salt stress.

Abstract:
Ubiquitination of proteins plays an important role in regulating a myriad of physiological functions. In plants, ubiquitination governs 
such processes as xylogenesis, senescence, cell cycle control, and stress response. However, only a limited number of proteins in 
plants have been identified as being ubiquitinated in response to salt stress. Rice （Oryza sativa） seedlings exposed to salt stress, 
and the proteins of roots were extracted then analyzed using Western blotting against ubiquitin. Differentially expressed 
ubiquitinated proteins were identified by LC-MS/MS and quantified by the Exponentially Modified Protein Abundance Index. In 
addition, we performed a gel-based shotgun proteomic analysis to detect the total ubiquitinated proteome that may be involved 
in response to salt stress. We found ubiquitinated proteins that were expressed in response to salinity such as pyruvate 
phosphate dikinase 1, heat shock protein 81-1, probable aldehyde oxidase 3, plasma membrane ATPase, and cellulose synthase A 
catalytic subunit 4  ［UDP-forming］. Most of those ubiquitinated proteins were found to be involved in metabolism and transport 
functions. The result demonstrates that the differentially expressed ubiquitinated proteins with different rice species in salt stress 
by using proteomics technology and mass spectrometry.
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Keywords:
High Speed LC-MSMS Technology

Novel aspects:
The detailed charaterization of base degraded impurities of Lenalidomide has been accomplished for the first time, the structure 
of the impurities is elucidated unambiguously.

Abstract:
Lenalidomide RS（ 3 -（ 4 -amino- 1 -oxo1, 3 -dihydro- 2 H-isoindol- 2 -yl）piperidine-2,6-dione） is a potent immunomodulatory drug 
with antineoplastic, antiangiogenic and anti-inflammatory properties. It is also used in combination with dexamethasone for the 
treatment of multiple myeloma. It is being evaluated in combination with other agents for the treatment of other type of tumors, 
including solid one. One of the requirements of drug substance as well as the drug product is their stability under harsh 
environments such as temperature, humidity, light and oxidizing agents. It is also important that the drug substance / drug product 
has to be evaluated at wider pH range to understand the degradation of the product. Following ICH guidelines, degradation 
studies are carried out by acid hydrolysis, base hydrolysis, UV irradiation studies and peroxide degradation. Knowing the potency 
of the lenalidomide, many attempts have been made to understand the stability of the compound simulating different 
environmental conditions towards separation and identification of degradation products using HPLC and LC-MS methods. Though 
the molecular weight of some of the degraded products has been identified, no attempts have been made to fully characterize 
the degraded products to understand the mechanism of degradation of lenalidomide. The high speed LC-MSMS technology is 
applied, for the first time, to unambiguously characterize the forced degraded products by appropriately proposing the MS 
fragmentation pathways for the degraded products.
Lenalidomide was in-house synthesized following a four step synthetic process. Briefly, esterification of 2 -methyl- 3 -nitrobenzoic 
acid in the presence of thionyl chloride in methanol provided the methyl ester of 2 -methyl- 3 -nitrobenzoic acid. Benzylic 
bromination of this methyl ester using N- Bromosuccinimide provided the bromo compound, isolated bromo compound was 
coupled with 3 - aminopiperidine-2, 6 -dione hydrochloride using triethylamine in the mixture of acetonitrile and 
dimethylformamide gave 3 -（ 4 -nitro- 1 -oxoisoindoline- 2 -yl）piperidine-2,6-dione. Hydrogenation of 3 -（ 4 -nitro- 1 -oxoisoindoline-
2 -yl）piperidine- 2,6-dione using palladium on carbon in dimethylformamide provided crude lenalidomide, crude was purified 
using methanol to obtain a pure lenalidomide. The purity of the lenalidomide was found to be 99.96% （% area） by HPLC.
The degradation was simulated under （a） acid hydrolysis, （b） base hydrolysis, （c） peroxide oxidation and （d） photo degradation 
under sunlight. It was observed that the degradation was the highest and instantaneous when base hydrolysis simulation was 
carried out, whereas acid hydrolysis did not show any degradation products in HPLC analysis. The purity of lenalidomide got 
reduced from 99.96% to about 97.0% under peroxide oxidation and exposure to sunlight. The number of degraded products formed 
under these conditions were 7  to 8  components of intensity varying from 0.02 % to 1.6 % . However, in this presentation the 
characterization of degraded products due to base hydrolysis is discussed in detail. 
Though the instantaneous formation of degradation products of lenalidomide by base hydrolysis is known, the application of high 
speed scanning capability of Shimadzu LCMS-8030 has enabled us to characterize these products. We observe two major 
impurities as degradation products having the relative retention time （RRT） of 0.47 and 0.67 minutes respectively. It is interesting to 
observe that the molecular weight of both the degradation products is found to be 277 Daltons. The negative MSMS analysis of 
both the components has shown that the structures are different with unique fragmentation pattern. The product at RRT 0.47 is 
found to be 4 -（ 4 -amino- 1 -oxoisoindolin- 2 -yl）- 4 -carbamoylbutanoic acid and the product at RRT 0.67 is found to be 2 -
（ 4 -amino- 1 -oxoisoindolin- 2 -yl）- 4 -carbamoylbutanoic acid. The structures are assigned unambiguously by exploiting the high 
speed scanning rate of LCMS8030 under MSMS environment.
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Metabolite ID analysis using UNIFI, a novel database driven software 
platform approach for screening and understanding metabolism
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Keywords:
Metabolite ID, LC/MS, Informatics,

Novel aspects:
Metabolite identification for processing and sharing of high resolution mass spectrometry datasets using a scientific library 
controlled LCMS software package

Abstract:
Current software platforms have been limited generally to single experiment analysis types, although these approaches have and 
continue to serve us well, the majority were designed for linear experimental designs and answers. As individual assay 
performance in Met ID and DMPK departments have continued to improve with LCMS platform advances in recent years, 
researchers are focusing on ways to increase value from their complex datasets. The approach defined is a Met ID software 
system that uses the latest generation PC hardware （64bit, multi-core capabilities）, latest generation hardware （High resolution 
UPLC/MS Quant of platforms） and software （scientific library data management） to more accurately screen, confidently 
interrogate datasets and report the data to the user in a highly customizable format. 

Samples were analyzed on G 2  and G 2 -S Quant of MS platforms equipped with I-class AcquityUPLC systems. Metabolite analysis 
of several compounds was performed using a prototype version of UNIFI 1.6 software. Software contains a scientific library which 
is used to enter and retrieve information about the compounds being analyzed and is able to interface. Samples were 
automatically processed to provide a comprehensive list of metabolites which can then be filtered or interrogated to suit both the 
analytical and reporting needs of the user. Integrated and flexible mass accuracy filtering, decimal mass filtering, isotopic 
recognition and fragment analysis along with metabolite relationship mapping will be discussed. 

Dataset processing using UNIFI was compared and contrasted to current generation software product, Metabolynx XS version 2.0. 
Data was analyzed using latest Apex peak picking algorithms with advanced multicore processing capabilities. Processing takes 
advantage of builtin scientific library functionality which manages both compound and metabolite identification specific criteria 
and allows users to define and generate metabolite relationships within a single LCMS software package. Current methodology 
relies heavily on linear single compound, single dataset, single answer approaches. With a scientific library underpinning, users are 
able to both build and retrieve metabolite relationship information across datasets and samples that were historically difficult to 
manage as a single report. Stronger integration of in silico tools, metabolite prediction, isotopic pattern analysis and more flexible 
mass defect filtering will be discussed. Will demonstrate how drug metabolism departments will have the ability to manage 
instrument and server assets remotely across the network. The network based infrastructure also facilities scientifically sharing 
and disseminating data and knowledge across labs and across networks. DMPK datasets are processed for both generating 
qualitative structural and relationship pathways as well as for quantitative analysis and putting the datasets into meaningful 
context within a single, integrated processing and reporting environment.
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Metabolite Identification Workflow Software
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Keywords:
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Novel aspects:
Association of structures from metabolism data including fragmentation and involvement of software to manage full 
biotransformation schema linked to interpreted spectra.

Abstract:
Background

Metabolite structure determinations made by review of LC/MS extracted chromatograms and spectra are vital but time-
consuming. Gains in sensitivity, acquisition rates and resolution of mass spectrometry instruments offer more rather than simpler 
data, so the identification process must increasingly involve software for data, structure and information management to satisfy 
mounting pressure for workplace efficiency. However, software absolutely needs to handle chemical structures and results 
documentation as well as facilitating the processes of mass spectrometry data interpretation to truly be effective and reliable. 
While elemental composition assessments are improving, finding metabolic ’soft spots’ of new chemical entities and summarizing 
biotransformation pathways for drug candidates remain key activities in pharmaceutical discovery and development. This work 
describes a new software approach facilitating overall structure assignment workflows including biotransformation knowledge 
management for metabolite identification. 

Methods

New ACD/Labs software was investigated for processing mass spectrometry data acquired from any major instrument system. 
Workflows for LC/MS data from several vendor instruments, including different quadrupole time-of-flight analyzers, were examined. 
Parent structures were provided and metabolites were identified by automated feature finding and subsequent determination of 
mass and from accurate mass systems also elemental composition. The software made comparisons of parent and metabolites to 
further localize sites of modification when possible. The software was able to conveniently handle structurally ambiguous 
metabolites using Markush representations. The structures were stored together with extracted mass spectra, including assigned 
fragment ions, and could be reported or exported to a biotransformation database. Various manual searches of the saved 
structures and data were then conducted to demonstrate that feasibility.

Preliminary Results

LC/MS data files from metabolite identification studies were processed post-acquisition. Along with the data files from various 
samples, the appropriate parent structure was imported and translated to a new software format capable of managing the various 
channels of LC/MS, LC/MS/MS, LC/MSn data and associating chemical structures with those data. With parent structures provided, 
metabolites were identified by automated feature finding then their masses determined and, if mass accuracy permitted, 
elemental compositions. The software made comparisons of parent and metabolites to further localize sites of modification when 
possible. The software was able to conveniently handle structurally ambiguous metabolites using Markush representations. Files 
storing structures together with extracted mass spectra, including assigned fragment ions, could be saved or reported. Also, a 
major aspect for workflow is that any data could also be exported along with the structure assignments to another software 
module designed for biotransformation knowledge management. The latter accommodates entire metabolic pathways, with 
searchable spectra and structures. Various manual searches of the structures, substructures and data saved in a biotransformation 
database were then conducted to demonstrate that feasibility.
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Novel aspects:
The integration of a spectral library, used as a pre-search, in standard data processing pipeline for shotgun proteomics data.

Abstract:
Introduction
Over the past years the usage of spectral library search tools was established in shotgun proteomics. Instead of identifying the 
same peptide over and over again by a sequence database search engine like SEQUEST, spectral library search uses a library of 
spectra identified with high accuracy. The restriction to previously measured spectra avoids a lot of computational overhead. 
Search tools like SpectraST, MSPepSearch or BiblioSpec are freely available and a lot of work was spent on building accurate and 
confident libraries, which is the crucial part of the identification procedure. Here we present the integration of a spectral library 
search engine （SpectraST） into an automated pipeline for shotgun proteomics data analysis （Proteome Discoverer）. 

Methods
The usability of spectral library search as fast and sensitive first level search to speed up the peptide identification in a standard 
shotgun proteomics data analysis workflow will be presented. 
All samples were measured on a Thermo Scientific LTQ Orbitrap Elite instrument coupled to a Thermo Fisher Easy nano-LC. The 
data was analyzed using a pre-release version of Thermo Scientific Proteome Discoverer. All spectral libraries used were from 
NIST. For data analysis different workflows were used. Search results of spectral library searches were compared to classical 
database search engines like SEQUEST and Mascot. The benefit of the usage of spectral library search as pre search to a standard 
database search is investigated in a sequential Proteome discoverer workflow. 

Abstract
A HeLa and a E.Coli sample were processed using the different workflows. Comparing spectral library search to classical database 
search shows a decrease in search time. The number of spectra identified in the spectral library search is smaller compared to the 
database search due to the limitations of the used libraries to previously identified high confident peptides, but almost all 
identifications from spectral library search have a corresponding highly confident identification in the database search. Using a 
spectral library search as an identification method for a subset of spectra prior to a database search is still considerably faster 
than a method based on identifying peptide sequences by database search alone.
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Novel aspects:
Application of MALDI-TOF mass spectrometry as a conclusive characterization tool for Metal Tetranitro- and Metal Tetraamino-
Pthalocyanins

Abstract:
Metallo 4 ’, 4 “, 4 ’“, 4 ““ tetraamine Pthalocyanines （MTAPcs） have attracted attention for the preparation of chemically 
modified electrodes for electrocatalytic reactions and sensor applications and they are typically immobilized onto the electrode 
surface as a stable polymeric film by electropolymerization that proceeds through the oxidation of the -NH 2  substituent. In this 
work we report the successful synthesis of MTAPc monomers （using a 2 -step synthetic protocol） via reduction of the 
corresponding Tetra-nitro Phthalocyanine （MTNPc） intermediates using oil bath or microwave heating methods for M=Cu, Mn, Zn, 
Fe and Pt. The synthesis of Metal tetranitropthalocyanins （MTNPcs） involves the cyclotetramerization of pre-functionalized 
phthalonitrile, phthalic acid and phthalic anhydride precursors together with an appropriate metallic salt, with subsequent 
reduction to give the desired amino monomers （MTAPcs）. 

Apart from the use of UV-Vis and 1 H-NMR spectroscopies and elemental analysis, the products of synthesis were also extensively 
characterized using MALDI-TOF mass spectrometry. In the analysis of experimental MALDI-TOF mass spectrometric data of 
MTNPcs and MTAPcs, attention was paid to compare our results with simulation results of expected products （“IsotopeViewer 
version 1.0“ was used to provide the simulation of the ［M］ +· isotopic clusters）. MALDI-TOF mass spectrometry has been found 
to be an exceptionally useful characterization tool in providing conclusive evidence of success of the synthesis.

In general, MALDI-TOF mass spectra of the MTNPc and MTAPc complexes provided intense signals due to the molecular radical 
ion （［M］+·）. The mass spectra of MnTNPc, PtTNPc and ZnTNPc complexes show minor fragmentations due to 
photodeoxygenation of the peripheral nitro substituents. The mass spectra of FeTNPc and FeTAPc show the ［M］+· of the metal 
complex as well as those of the metal-free H 2 TNPc and H 2 TAPc compounds, strongly suggesting the demetallation of FeTNPc 
and FeTAPc under the intense laser pulses. For PtTNPc, the ［M］+· species （calculated： 887.05489, found： 886.9318） is 23 % in 
intensity relative to the base peak of 903.9324 （100%）. The base peak is deduced to be due to the ［M+OH］+ species, where M is 
the molecular weight of PtTNPc. 

The second part of our work involves studies on the electrochemical detection of dissolved nitric oxide （NO） in phosphate 
buffered saline （pH 7.4） by electropolymerized-Metallo 4 ’, 4 ’’, 4 ’’’, 4 ’’’’ tetra-amine Phthalocyanine （poly-MTAPc） modified 
electrodes. For fabrication of electrodes for electrocatalytic reactions and sensor applications, MTAPcs are typically immobilized 
onto the electrode surface as a stable polymeric film by electropolymerization that proceeds through the oxidation of the -NH 2  
substituent. The electrocatalytic poly-MTAPc coating is in the form of arrays of nanotubes and fibers - this gives rise to improved 
sensitivity and detection limit through the provision of more electroactive area.

Two modified electrode systems （the flat glassy carbon electrode （GCE） and a Pt-coated nanoporous anodic aluminium oxide 
（AAO） membrane） were selected as the bare substrates for poly-MTAPc modification. Our Differential Pulse Voltammetry and 
Amperometry （DPV and DPA） results showed that of the two, the high-density poly-MTAPc nanotube array within the modified 
AAO electrode provided a high faradaic （signal） to charging （background） current ratio leading to 10-15 times improvement in 
sensitivity and a 10 times drop in detection limit.
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Novel aspects:
The problem of chemical formula elucidation has been addressed previously, but this is the first comprehensive and user-friendly 
implementation in an open source mass spectrometry profilingtool （MZmine 2 ）.

Abstract:
Mass spectrometry is commonly applied to qualitatively and quantitatively profile small molecules, such as peptides, metabolites, 
or lipids. Modern mass spectrometers provide accurate measurements of mass-to-charge ratios of ions, with errors as low as 1  
ppm. Even such high mass accuracy, however, is not sufficient to determine the unique chemical formula of each ion, and 
additional algorithms are necessary. Mass spectrometry vendors provide their own software modules for chemical formula 
prediction, the capabilities of which vary by vendor. We developed a universal software tool for predicting chemical formulas from 
high-resolution mass spectrometry data. The tool is based on the use of a combination of heuristic techniques, including MS/MS 
fragmentation analysis and isotope pattern matching. The performance of the tool was evaluated using a real metabolomic 
dataset obtained with the Orbitrap MS detector. The true formula was correctly determined as the highest-ranking candidate for 
79% of the tested compounds. For compounds smaller than 250 Da, the true formula was always predicted correctly and, in 67% of 
the cases, as the only candidate conforming to the heuristic rules. On average, the heuristic algorithms reduced the search space 
for potential formula candidates 40-fold. The novel isotope pattern-scoring algorithm outperformed a previously published method 
in 64% of the tested Orbitrap spectra. Great emphasis was put on user-friendly operation of the tool, which is now freely available 
as part of the open-source MZmine 2  framework and its source code can be accessed within the MZmine 2  source code 
repository.

Reference： Pluskal T., Uehara T., Yanagida M., Highly Accurate Chemical Formula Prediction Tool Utilizing High-Resolution Mass 
Spectra, MS/MS Fragmentation, Heuristic Rules, and Isotope Pattern Matching. Anal Chem （2012）, 84（10）：4396-403
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Novel aspects:
Study of degradation of esfenvalerate by using a chemical oxidative process. Utilization of SBSE-GC-IT-MS for extraction of 
degradation products of esfenvalerate and their identification.

Abstract:
A growing number of investigations have been reported recently showing the widespread occurrence of agrotoxics in the 
environment, notably in the aquatic compartment. The treatment of these pollutants by oxidative process using hydroxyl radicals 
（·OH） have been highlighted because of its high efficiency in the degradation of numerous organic compounds and low operating 
cost. To evaluate the efficiency of this process and monitoring of intermediates and final products, hyphenated chromatographic 
techniques are indispensable. However, due to the low concentration of pollutants and their degradation products in aqueous 
medium associated to the incompatibility of the aqueous matrix with conventional GC-MS techniques, some steps of preparation 
and pre-concentration of the samples are necessary. The SBSE （stir bar sorption extraction） technique combined with hyphenated 
chromatographic techniques such as GC-MS resulted in rapid analysis, low solvent consumption, higher analytical precision and 
sensitivity, and has been successfully employed in the extraction of agrotoxics in water at the concentration range of sub-ng L -1 . 
However, SBSE-GC-MS analysis requires thermic desorption of the analytes, and nowadays only one commercial SBSE thermal 
desorption system is available. On the other hand, an approach called “SBSE probe desorption“ is being investigated by us as an 
alternative to integrate the advantages of SBSE and the power of GC-IT-MS （gas chromatography-ion trap-mass spectrometry） as 
the detection technique. In this procedure, the SBSE bar, containing the analytes sorbed （extracted） is placed into an 
appropriated probe and thermally desorbed, without using the commercial SBSE thermal desorption system. In this work the 
degradation of esfenvalerate, a pyretrhoid insecticide, was studied by using a chemical oxidation process and the degradation 
products were monitored by using SBSE probe desorption GC-IT-MS. Degradation was performed by using 50% hydromethanolic 
solution containing 45 mg L -1  esfenvalerate, pH 11.25, 25 mg L -1  of hydrogen peroxide, within a 4  hour reaction period. After 
degradation process, the products were extracted by SBSE by using stir bars （10mm × 0.5mm, 24 µL PDMS coating, Twister, 
Gerstel） at room temperature （25 o C）, for 120 min, with 15% methanol, 12% NaCl and stirring at 1000 rpm. After extraction, the stir 
bar was placed into the probe of a GC CP 3800 Varian, coupled to an ion trap MS Saturn 2000 （Varian）. Thermal desorption of the 
analytes were done at 250 o C, and the probe heating was held for 18 min. GC analysis were performed on a DB- 5 ms fused silica 
capillary column （30 m x 0.25 mm i.d., 0.5 μm film thickness, Agilent）. The oven temperature was programmed from 70 o C （held for 
0.5 min） to 300 o C/min （held for 6  min）, at 20 o C/min. Helium was used as carrier gas at flow rate of 1.2 mL min -1 . The MS analyses 
were done in the scan mode （m/z 40 to 450） using electron impact ionization （70 eV）. The temperature of transfer line, ion trap 
and manifold were set at 300 o C, 220 o C and 40 o C, respectively. By using the SBSE probe desorption-GC-IT-MS method, it was 
possible to fully identify two products of chemical oxidation of esfenvalerate, 3 -phenobenzoic acid and 3 -phenoxbenzaldeyde. 
These compounds were previously described as being metabolites of esfenvalerate, with small estrogenic （endocrine-disrupting） 
activity and possibly with small environmental impact （McCarthy et al., J. Environ. Monit. 2006, 8,197）. The structural elucidation 
of the other oxidation products of esfenvalerate is still in progress.
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Keywords:
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Novel aspects:
Nonpolar organic solvents containing PCBs and other toxic substances which passed gamma-CD polymers solid phase were 
analyzed congener-specifically using the GC-MS/MS.

Abstract:
Polychlorinated biphenyls （PCBs） production in Japan was started by Kaneka Chemical in 1954. The infamous incident of Yusho, 
rice-oil poisoning, took place in western Japan in 1968. In 1970’s, regulations over PCBs production and use became enforced and 
PCBs disposal measures have been in operation since 1980’s. PCBs waste destruction is still going on today. PCBs were widely 
used as insulating fluids in capacitors and transformers. Although their manufacture and commercial use have been prohibited in 
many countries since the 1970s because of their strong toxicity, environmental persistence, and bioaccumulation, large amounts of 
insulating oils contaminated with PCBs are still being used or are kept without being appropriately treated in many countries, 
including Japan. In the Stockholm Convention on Persistent Organic Pollutants （POPs）, more than 150 countries have agreed to 
destroy PCBs until 2025. Thus, the efficient and safe treatment of PCB-contaminated insulating oils is a crucial problem from a 
global viewpoint.
Cyclodextrins （CDs） are a class of cyclic oligosaccharides consisting of several gamma-（1,4）-linked D-glucopyranose units. They 
have a hydrophobic cavity into which a guest molecule of an appropriate size and shape can be incorporated. The ability of CDs 
to form inclusion complexes with organic molecules has found applications in many areas, including the food and pharmaceutical 
industries and analytical chemistry. However, in most cases, inclusion complex formation with CDs has been achieved in aqueous 
media. On the other hand, much less attention has been paid to inclusion complex formation with CDs in nonpolar organic media, 
because it has been believed that inclusion complex formation in nonpolar organic media would be very difficult due to the 
unfavorable competition with enormous amount of nonpolar organic solvents against the guest molecules for inclusion into the 
CD cavity.
We were reported here the removal of PCBs from insulating oil or nonpolar organic solvents by gamma-CD polymers as a new 
adsorbent. Nonpolar organic solvents containing PCBs and other toxic substances were analyzed adsorption charactor which 
passed gamma-CD polymers solid phase using the GC-MS/MS. PCB 209 congeners were analyzed by product ion obtained by 
destroying precursor ion using MS/MS method. Other toxic substances were analyzed in the same way. The gamma-CD polymers 
were prepared by the reaction of gamma-CD with various kinds of crosslinkers. Among the gamma-CD polymers thus obtained, 
the polymer crosslinked with terephthaloyl units showed the highest adsorption capability towards PCBs. Using this type of 
polymer （more than 45 wt% of insulating oil or nonpolar organic solvents） as an adsorbent, PCB 209 congeners and other toxic 
substance, whose initial concentrations were 1 &#65374；100 ppm, were completely removed from isooctane solution.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 35: Environment I

PTh-044
13:30 － 14:40

Charge exchange ionization in reversed-phase liquid chromatography-
atmospheric pressure photoionization mass spectrometry of hormones

David Matejicek
Mendel University in Brno, Brno, Czech Republic

　
Keywords:
APPI, charge exchange,

Novel aspects:
The use of charge exchange reactions in APPI-MS/MS detection of hormones under reverse-phase HPLC conditions.

Abstract:
Atmospheric pressure photoionization （APPI） has been introduced as an innovative ionization source for LC-API-MS systems to 
broaden the range of analytes that could be determined using LC-MS even if having weak polarity. From the literature data it is 
obvious that APPI provides a better ionization for the non-polar analytes than ESI and APCI. Furthermore, photoionization is less 
susceptible to ion suppression compared to ESI or APCI. Several methods employing APPI-MS detection have been suggested for 
the analysis of environmentally relevant estrogens, predominantly with toluene as dopant. 
Under reversed-phase liquid chromatography conditions, toluene has become a dominant solvent used in the dopant-assisted 
photoionization （DA-APPI）. Toluene allows charge exchange in solvents with low proton affinities, however, in solvents commonly 
used in reverse phase chromatography （acetonitrile, methanol）； ionization via proton transfer prefers to via charge exchange 
reaction. The use of APPI-MS with a dopant enabling ionization via charge exchange will be evaluated for the determination of 
seven environmentally relevant estrogens and progestogens （preferably hormones cited in U.S. EPA contaminant candidate list 3 ） 
in drinking and river water. Finally, the comparison between APPI-MS using ionization via proton transfer （toluene as dopant） or 
charge exchange （e.g. anisole, chlorbenzene, brombenzene, 2,4-difluoroanisole, 3 -（trifluoromethyl）anisole） will be performed in 
terms of sensitivity and ion suppression assessment.
The financial support from the Grant Agency of the Czech Republic （Grant Reg. No. GAR P503/10/0975） is gratefully acknowledged.
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Keywords:
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Novel aspects:
Two-dimensional liquid chromatography and high-resolution mass spectrometry could demonstrate the occurrence of 
biodegradation of huge PFCs to small PFCs in aerobic biodegradation.

Abstract:
Perfluorinated compounds （PFCs） have been considered an environmental problem. Early studies on PFCs focused on the 
presence of perfluoroalkyl carboxylic acids （PFCAs） and sulfonic acids （PFSAs） in environmental matrices and their possible 
biological effects. However, more complicated PFCs were usually used rather than simple molecules such as PFCAs and PFSAs. 
There is limited information about such complicated PFCs. Although major fluorochemical companies now have phased out of 
production and use of PFOA, PFOS and PFOS-related products, PFOA and PFOS still have been found in various contexts. Both 
fluorochemical products and environmental samples always contain complicated matrices. It is difficult to determine what kinds of 
PFCs really exist.
 In the past few years, two or multidimensional liquid chromatography has been attractive for analyses of complex mixtures. 
Multidimensional chromatography coupled with mass spectrometry notably offers comprehensive analysis and has been applied 
to the characterization of natural products and industrial materials. In this study, we used an off-line 2 D liquid chromatograph 
coupled with a high-resolution mass spectrometer （ 2 D-LC/HR-MS） to identify commercial fluoroproducts and their biodegradation 
products.
 Fluoroproducts examined consisted of four products. Three of them were products sold before the regulation. All of them were 
purchased in Japan. Liquid samples were diluted in water by 3000-fold. Activated sludge was added to the diluted samples at a 
concentration of 30ppm. The samples were transferred in closed containers, which were made to be able to supply oxygen for 
aerobic biodegradation. Ten-mililiter portions of samples were taken from each stirred sample once a week for a month. The 
portions passed through solid phase extraction cartridges, OASIS WAX （Waters）, to extract PFCs. PFCs were eluted from the 
cartridges with 0.1 % NH 4 OH methanol. The eluates were analyzed by liquid chromatograph/mass spectrometer, Ultimate 3000/
Exactive （ThermoFisher）.Ultimate 3000 and Exactive were used for acquisition of mass spectra with a high resolving power of 
100,000. In addition, Acquity and Xevo TQ （Waters） were used for quantitation of PFCAs and PFSAs and acquisition of product ion 
spectra. Two-dimensional LC was carried out with two different kinds of columns. A TSK-Gel ODS-100S from TOSOH and an Epic-
FO column from ES-industries were used for chromatography.
 Acquired mass spectra with single LC included numerous ions. The interpretation of mass spectra was, therefore, very difficult. 
Two-dimensional LC could effectively separate these compounds depending on the interaction strength with two different types 
of columns. The mass spectra that generated from separated compounds were easier to interpret than the spectra from 
unseparated compounds. Fragment ion spectra were also acquired. 
 The chemical structures were determined from the interpretation of the data of samples before biodegradation. A dominant ion 
with an m/z value of 1574.2809 was found in one product examined. Because three fragment ions that had equal spaces of 357.007 
were found in the observation with collision gas, the compound was the molecule that had three C 4 F 9 SO 2 NCH 3 C 2 H 4 O groups. If 
triisocyanate such as Tolonate reacts with an alcohol, C 4 F 9 SO 2 NCH 3 C 2 H 4 OH, the chemical formula of the molecule yielded will be 
C 45 H 60 N 9 O 15 S 3 F 27 . The exact mass of the ion is 1574.2867. The two values were well-matched. 
 Biodegradation products were also examined by analyses of the samples after biodegradation. Two out of four products 
examined showed unequivocal increase of concentration of PFCAs. Although the above-referenced sample did not show any 
increase of PFCAs and PFSAs, a degradation product that had a carboxyl group at the terminal was identified. The result 
complemented the presumption of original structure. However, further degradation structures such as sulfonamide were not 
found.
 Two-dimensional LC/HR-MS demonstrated the occurrence of biodegradation of huge PFCs to small PFCs in aerobic 
biodegradation. We need further investigation of fluoroproducts that have been used so far.
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Keywords:
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Novel aspects:
Organophosphate esters and pesticides were detected in water, sediment and mussel samples from Maizuru Bay, Japan.

Abstract:
Organophosphorus （OP） compounds which have been utilized as flame retardants, plasticizers, stabilizers, antifoaming and 
wetting agents, and additives in lubricants and hydraulic fluids etc. are the useful chemical compounds and are used in the various 
areas. It is well known that aquatic environment has contaminated by volatilization, leaching or abrasion from the broad 
application range of these compounds. In this study, the concentrations of eight species of organophosphate esters （OPE） and OP 
pesticides （diazinon, fenitrothion, chlorpyriphos and iprobenphos） are measured in water, sediment and green mussels from 
Maizuru Bay and the distribution of these compounds in water environment is discussed. 
Water sediment and mussel samples in Maizuru Bay were taken from July 7 th to 15th, 2009. Subsurface water samples were taken 
in 7  sites and the surface sediment samples （ 0  5  cm） were taken using a Ekman-Birge type bottom sampler in 13 sites. The 
mussel （Mytius galloprovincialis） samples were taken at 9  sites. The shell lengths of the green mussels were in the range of 380 - 
750 mm. Three mussel samples in each site were homogenated before analysis. Water samples were stored in a fridge at 3   o C and 
their samples were analyzed within a few day. Sediment and mussel samples were stored in a freezer at -20  o C for until chemical 
analysis.
Water samples were extracted with dichloromethane by shaking for10 min. The aqueous layer was dried with anhydrous 
Na 2 SO 4 and was concentrated up to 0.5 ml after the addition of Atradine-d 25  as an internal standard. The analytes were measured 
by GC-MS. OPs in sediment and mussel samples were extracted with acetone. After centrifugation, the supernatants were cleaned 
by addition of distilled water, celite and zinc acetate. After removal of suspended matters by filtration, the analytes in liquid layer 
were extracted dichloromethane. After the addition of Atradine-d 25 , the organic layer was concentrated up to 0.5mL. The analytes 
were measured by GC/MS.
The distribution of OP compounds in Maizuru Bay was surveyed. The concentrations of OP in water samples from Maizuru Bay 
were in the range of 2.7 62 ng/L, which these level was under a thousandth of acute toxic level for aquatic organisms. The 
concentrations of OPEs were high the order of TBXP > TDCPP >TCEP > TBP > TCP > TPP > TEP. This trend is similar to those in 
1976-1996. Diazinon, fenitrothion and chlorpyriphos of OP pesticides were detected in water samples.
The concentrations of OP compounds in sediment from Maizuru Bay were in the range of <0.5 - 56 ug kg -1  dry weight （dw）. The 
patterns of OPEs in sediment are classified two groups. The patterns of OPEs concentrations in a group are characterized that 
OPEs concentrations are high the order of TBXP > TDCPP or TBP, and the other OPEs are similar concentrations. The patterns of 
OPEs concentrations in the other group characterized that TDCPP concentrations is the highest among OPEs. Diazinon was 
detected in all sediment samples from Maizuru Bay and the concentrations of diazinon were in the range of 1.8 and 71 ug kg -1  dw. 
The detection frequencies of fenitrothion and chlorpyriphos were low in sediment.
The concentrations of OP in mussel from Maizuru Bay were in the range of <0.5 and 34 ug kg -1  wet weight. The concentrations of 
OPEs were high the order of TBP > TDCPP >TCP >TBXP = TPP = TCEP.
The partition rate between water and sediment （Kws） of diazinon and fenitrothion were in the range of 200 and 1300, and in the 
range of 200 and 300, respectively and the partition rate between water and biological samples （Kwb） of diazinon and fenitrothion 
were in the range of 700 and 3300, and in the range of 450 and 700, respectively, suggesting that these pesticides prefer biota to 
sediment.
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Novel aspects:
The work uses tandem SPE （SAX+HLB）. This approach was efficient at removal of LAS and to minimize their matrix effects on ESI 
responses of analytes in sewage samples extracts.

Abstract:
In recent years, a variety of organic compounds, also called emerging contaminants, have being detected by LC-MS, at low 
concentrations （ng L- 1 ）, in samples of surface water, wastewater, groundwater, and even drinking water ［ 1 - 3 ］. According to 
Taylor ［ 4 ］, the matrix effect is the “Achilles’ heel“ of the HPLC-MS techniques. Therefore, it is extremely critical to evaluate and/
or minimize the influence of complex matrix composition on the HPLC-MS responses of analytes. Few articles have evaluated 
thoroughly the matrix effect in analysis of emerging contaminants in sewage samples. In this work a new method for the 
determination of three endocrine disrupters （estradiol, ethinyl estradiol, and bisphenol A） and five pharmaceuticals 
（sulfamethoxazole, trimethoprim, diclofenac, bezafibrate and miconazole） in raw and treated sewage samples was developed 
and validated. The method consisted of the application of tandem SPE procedure that uses both a strong ion exchange sorbent 
（SAX） and a modified divinylbenzene-pyrrolidone sorbent to reduce the levels of linear alkylbenzenesulphonate （LAS） and to 
concentrate the analytes of interest from sewage samples, prior to analysis by liquid chromatography combined with high-
resolution mass spectrometry （LC-HRMS）. The influence of matrix composition on the ionization efficiency, the SPE recoveries, 
and the sensitivity of the method was determined. The SAX sorbent was capable of significantly removing LAS content in sewage 
samples extracts. It was also capable of retaining the analytes that were eluted with ethyl acetate with recoveries that varied from 
17 to 35 % （CV < 9 %）. This approach was very efficient at minimizing the matrix effects. The sum of the recoveries from both 
sorbents varied from 30 to 70% （CV < 9 %）. The mass spectrometry detection was performed using a LC-ESI-IT-TOF/MS instrument 
working at high-resolution （10.000 FWHM） and high mass accuracy （< 5  ppm）. The instrumental limits of quantitation varied from 
0.4 µg L- 1  to 3.3 µg L-1. The method limits of quantitation ranged from 3.3 ng L- 1  to 41 ng L-1. The method was successfully applied 
to the determination of analytes in raw sewage samples at the Arrudas Sewage Treatment Plant, Belo Horizonte, Brazil and also to 
evaluate the efficiency of different experimental sewage treatment systems.

［ 1 ］ M.J.L. deAlda, S. Diaz-Cruz, M. Petrovic, D. Barcelo, J. of Chromatography A 1000 （2003） 503-526.
［ 2 ］ D. Barcelo, M. Petrovic, Trac-Trends in Analytical Chemistry 26 （2007） 2 -11.
［ 3 ］ M.A. Moreira, R.J.C.F. Afonso, S.F. Aquino, Environmental Technology 32 （2011） 1409- 1417
［ 4 ］ P.J. Taylor, Clinical Biochemistry 38 （2005） 328-334.
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Novel aspects:
Simultaneous analysis method of anionic, amphoteric and non-ionic surfactant using ultra-high speed polarity switching technique 
of LC-MS/MS was developed.

Abstract:
Introduction
Surfactant chemistry has made a considerable impact on a number of household products including detergents, shampoos and 
toothpaste. Products are generally classified by the type of each hydrophilic substructure into anionic, cationic, amphoteric and 
non-ionic surfactants. Either anionic or non-ionic surfactants are typically used as synthetic detergents, however, to better 
elucidate the potential risk in environmental samples, mainly in agricultural soils and sediments, methods need to take into 
account a range of surfactant chemistries. Current surfactant monitoring methodologies tend to focus on a specific surfactant. 
Here, we have developed the simultaneous analysis method for typical anionic, amphoteric and non-ionic surfactant using LC-MS/
MS.

Method
Commercially available surfactants were used for this experiment. Standards of surfactants were diluted with water to an 
appropriate concentration and then determined by LC-MS/MS. As an LC-MS/MS system, UHPLC was coupled to triple quadrupole 
mass spectrometer （Nexera MP with LCMS-8030, Shimadzu Corporation, Kyoto, Japan）. Separation was achieved using a YMC-
Triart C 8  column （100mmL., 2.0mmI.D., 1.9um particles） and column oven temperature was maintained at 40 C. Samples were 
eluted at flow rate 300uL/min with a binary gradient system； the mobile phase consisted of （A） 10mM ammonium acetate buffer 
and （B） mixture of 10mM ammonium acetate / acetonitrile / isopropanol （ 1 / 4 / 5 ）. LC-MS/MS with electrospray ionization was 
operated in multiple-reaction-monitoring （MRM） mode with ultra-fast polarity switching.

Preliminary data
The following standard surfactants were selected and analyzed； anionic surfactant： linear alkylbenzene sulfonate （LAS） C10-C14 
mixture, amphoteric surfactant： EMPIGEN BB Detergent （Betaine） C10, C12, C14 mixture and non-ionic surfactant： 
heptaethyleneglycoldodecylether （HEDE）. Full scan measurement by flow injection analysis （FIA） was conducted to determine 
the optimum ionization polarity of target compounds followed by MRM transition optimization by FIA. As a consequence, all LASs 
were detected as the de-protonated ions and m/z 183 was selected as the product ion of MRM transitions for all LASs （C10-C14）. 
All Betaine were detected as protonated ions and m/z 104 was selected as the product ions of MRM transitions for all Betaine 
（C10, C12 and C14）. HEDE yielded the protonated ion as the precursor and m/z 133 was selected as product ion for MRM 
transition. As compounds selected in this experiment formed either positive or negative ion, high-speed polarity switching is an 
important parameter to consider in developing an optimized method. The dilution series of these compounds were analyzed and 
all compounds were detected at sub ppb level with excellent linearity. In addition, the quantitative analysis of real world sample 
using the kitchen detergents and liquid soap was achieved using this method



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 35: Environment I

PTh-049
11:10 － 12:20

Limitations of a commercially available plasma air purifier

Stefan Schmid1, Andreas Gerecke2, Herbert Haechler3, Hubert Hilbi4, Simon Weidmann1, 
Renato Zenobi1
1 ETH Zurich, Zurich, Switzerland, 2 Swiss Federal Laboratories for Material Science and Technology, Dubendorf, 
Switzerland, 3 University of Zurich, Zurich, Switzerland, 4 Ludwig-Maximilians-Universitaet, Munich, Germany

　
Keywords:
Non-thermal plasma, Cleaning efficiency, Air-cleaning

Novel aspects:
Efficiency study of a commercially available plasma air purifier over a wide range of different substances

Abstract:
The molecular processes in a commercially available AC, driven plasma air purifier （PAP） were studied in detail. Such air purifiers 
are supposed to break down all air contaminants to small, nontoxic molecules （e.g. H 2 O and CO 2 ）. However, the degradation 
mechanisms in such PAPs are not known yet. In this study, we examined the exhaust of a commercially available PAP to determine 
its efficiency and the molecular processes taking place. Three different classes of substance were studied： environmental toxins 
representative for of low MW molecules, a high-mass protein, and various bacteria to represent very high masses. One goal of this 
project was to examine the limitations of such commercially available air purifying systems. 
A setup was designed in such a way that the PAP could be studied under realistic conditions, simulating common heating and 
ventilation systems. Phenanthrene and methyltriclosane were chosen as small molecules. Bovine serum albumin （BSA） was chosen 
as a model high mass protein. Legionella Pneumophila and Bacillus anthracis were used to cover the class of airborne infectious 
agents. The sampling method was adapted to the respective compounds. Adsorption tubes were used for the low MW 
molecules； bubbling 10% of the PAP exhaust through water was used to quantify the amount of degraded BSA； L. pneumophila 
and B. anthracis were sampled using agar strips, which were afterwards wrapped in sterile containers and incubated.
The study of environmental toxins using GC-MS showed a degradation of 31.0% and 16.9% for phenanthrene and methyltriclosane, 
respectively （relative error, 13 %）. However, no characteristic degradation products could be found. Therefore, a mass balance 
with methyltriclosane was conducted which yielded surprising results. On the 4  copper electrode surfaces of the PAP exactly 17% 
were methyltriclosane found. Since the degradation was determined by performing an experiment with and without activated 
PAP, the decreased amount of methyltriclosane was considered as degraded. However, our experiments do not support the 
hypothesis of degradation for small molecules anymore.
Measuring the PAP degradation performance of BSA showed a reduction of 81.1±30 % , when comparing experiments with and 
without the plasma activated. The copper electrodes showed a white film after the experiment with the plasma activated. After 
dissolving the white precipitate in water, LC-MS and MALDI-MS experiments identified it as BSA. 1 % of white and water insoluble 
crystals which were identified as polymerized BSA using MALDI-MS equipped with a high mass detector. The reduction in amount 
of various bacteria showed, that the PAP is capable of reducing aerosolized bacteria in air. However, it seems that the reduction is 
mainly occurring due to adherence to the copper electrodes.
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Novel aspects:
Fast polarity switching results have been equivalent to dedicated single polarity experiments for the analysis of PPCPs in 
environmental samples.

Abstract:
Pharmaceuticals and personal care products （PPCPs） constitute a group of emerging contaminants which have received 
considerable attention in recent years. Monitoring of PPCPs in the environment is vital as many of these compounds are 
ubiquitous, persistent and biologically active with recognised endocrine-disruption functions. Given the hazardous nature of these 
compounds, there is a need to provide fast and sensitive multi-residue methods that are able to analysis multiple classes of 
compound within one analytical procedure. Here we report a new multi-residue UHPLC-ESI-QqQ method that utilises fast polarity 
switching with an optimised chromatographic gradient that removes matrix effects and results in excellent ng/L detection levels. 
Furthermore, we evaluate the performance of polarity switching in comparison to dedicated single polarity experiments.
 Natural river and lake water was collected from the Shiga region （Japan） and spiked, without any sample pretreatment, at a 
range of concentration levels （ 1  - 10000 ng/L） with 15 PPCPs （e.g. Carbamazepine, Dehydronifedipine, Gemfibrozil, Triclocarban）. 
Separation was achieved using a Shim-pack XR-ODS III column （50 x 2.0 mm, 1.6 µm） maintained at 40 °C on a UHPLC system, 
Nexera （Shimadzu, Japan）. The method was maintained at a flow rate of 0.4 mL/min with mobile phase A： water/0.1 % formic 
acid and B： acetonitrile. The gradient （detailed in preliminary data） was optimized to minimise matrix effects. A higher sensitivity 
triple quadruple mass spectrometer, LCMS-8080 （Shimadzu, Japan） operating in SRM mode with fast polarity switching （20 msec） 
was used for the detection of positively and negatively charged analytes.
 As a result of the complex matrix PPCPs are present； the occurrence of ion suppression/enhancement is commonly described in 
literature and results in reduced MS/MS detection limits and inferior precision. For this reason, a gradient was optimised that 
focused target analytes at the head of the chromatographic column while allowing the interfering environmental matrix to be 
eluted； this resulted in excellent recoveries of around 100 % for almost all studied compounds. This was achieved using a gradient 
which held the aqueous mobile phase at 100 % for 6  min, and subsequently increased the organic mobile phase to 80 % over 10 
minutes and then to 100 % organic mobile phase.
 PPCPs encompass a wide range compound classes and chemical properties and consequently it is necessary to employ both 
positive and negative electrospray ionization for complete analysis in a single run. All compounds were measured by SRM with 
fast polarity switching （20 msec） for multi-component analysis. Excellent limits of quantification were achieved in the range 1  - 50 
ng/L for nearly all studied compounds, with outstanding linearity （R 2 > 0.999）.
 To evaluate the capability of polarity switching the data quality obtained was compared to dedicated negative or positive 
analysis. Comparisons were made by selecting compounds that prefer positive （Carbamazepine and Dehydronifedipine） and 
negative ionisation （Gemfibrozil and Triclocarban）. Findings showed that the data quality obtained during polarity switching 
experiments was directly comparable to that achieved during dedicated positive or negative analysis. In addition, long term 
stability was investigated by making 100 injections over >10 hours, with polarity switching presenting excellent stability.
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Novel aspects:
Fast Aqcuisition time, High Sensitivity, Direct measurement, Over 100 compounds

Abstract:
Introductions
In recent years, many kinds of chemical substances are polluting environmental water. When people take a medicine, use insect 
repellent, or apply cosmetics, these chemicals flows into the water in the environment, finally. These compounds are called PPCP 
（Pharmaceuticals and Personal Care Products） as a whole. Furthermore, it is known that the pesticides originally used for 
agricultural products are polluting environmental water. These compounds are also contained in PPCP in a broad sense.
 The diversity and the numerousness of these compounds make method development challenging. But In order to properly assess 
the effects of these compounds on our environment, it is necessary to accurately monitor their presence. Liquid Chromatography 
coupled to tandem Mass Spectrometry （LC-MS/MS） is able to analyze polar, semi-volatile, and thermallylabile compounds 
covering a wide molecular weight range, such as pesticides, antibiotics, drugs of abuse, x-ray contrast agents, drinking water 
disinfection by-products etc. In addition, state-of-the-art LC-MS/MS instruments operated in selective Multiple Reaction Monitoring 
（MRM） mode, offer unmatched selectivity and sensitivity to quantify PPCP reproducibly at trace levels without time consuming 
and extensive sample preparation. 
AB SCIEX QTRAP ® 4500 LC/MS/MS System can measure many compounds simultaneously because of its fast MRM scanning, and its 
can measure compounds high-sensitive because its hasQ-jet ® 2  ion guide.
 More recently, it is discussed that detection only by MRM cause false positive and false negative. To avoid false detection, one 
useful process is library search for a fragment ion spectrum. This process judges positive or negative by comparing the spectrum 
of standard with the spectrum of the compound detected in the sample. At 1 ch MRM, while judging from one fragment ion, by 
the library search using a spectrum, a judgment is performed from all fragment ions which the compound has. Therefore, library 
search can do more precise judging.
 ABSCIEX QTRAP ®  4500 LC/MS/MS System can acquire fragment ion spectrum fast and sensitive because its has Linear Ion 
Trap  technology with Linear Accelerator TM  Trap. And AB SCIEX has fragment ion spectrum library that contains large number of 
compounds. 

 LC-MS/MS is suitable for measurement of PPCP, and judgment by library search is desirable. Therefore, AB SCIEX QTRAP ®  4500 
LC/MS/MS System suitable for PPCP screening.

Methods and results
 20 Japanese environmental water samples were injected directly into AB SCIEX QTRAP ®  4500LC/MS/MS System to detection PPCP 
at low parts-per-trillion （ppt） levels（ng/L）. 4500 quick scanning speeds supported simultaneous analysis of 304 compounds （273 
for positive, 31 for negative） were acquired by using MRM. Enhanced Product Ion Scan （EPI） was used for acquiring the fragment 
ion spectrum at ppt levels, and “Mega-library“ spectrum library was used to judge compounds detected by MRM were true or 
false. EPI is high-sensitive and high-speed fragment ion scan mode, supported by Linear Ion Trap  technology with Linear 
Accelerator TM  Trap.“Mega-library“ is fragment ion spectrum library that contains over 1240compound’s spectrums.
From Japanese environmental water, some compounds were detected by MRM. The detected compounds did not related 
sampling point. According to results of the library search, some compounds were truly detected, but some compounds were false 
positive. 
As a conclusion, the PPCP exist Japanese wide area environmental water. So it is necessary to measure much more samples to 
know a trend, such as regionality.
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Novel aspects:
The solid phase extractionwas optimized for analysis of twelve PFCs in water sample, especially tap water and river water （with 
low matrix）.

Abstract:
In recent years, perfluorinated compounds （PFCs） have appeared as a new class of global contaminants. Researchers have 
reported PFCs contamination in surface water, tap water and bottled water around the world. They are particularly difficult to 
deal with once released into the environment, because they do not break down easily, they can travel long distances carried by 
air or in water and they can accumulate in human and animal tissue. To understand the sources and fate of these compounds, it 
is essential to optimize the analytical methods for a wide range of perfluorinated compounds in water sample. Solid phase 
extraction （SPE） coupled with high-performance liquid chromatography-tandem mass spectrometry （HPLC-MS/MS） is generally 
used to analyze PFCs in environmental matrices. Researchers have reported the difficulties in analysis of short chain （C 4  C 6 ） and 
long chain （C10 C12） PFCs. The ineffective SPE procedure and matrix interferences were the two major difficulties for analyzing 
environmental water sample. To overcome these problems, the optimization of SPE process is needed. The objective of this study 
was to evaluate the optimum SPE condition for two ion exchange （OasisWAX and PresepPFC-II） cartridges for analyzing 12 PFCs 
in water sample. These cartridges were also compared with PresepC-Agri （C 18 ） and OasisHLB, which are generally used for 
perfluorooctane sulfonate （PFOS） and perfluorooctanoic acid （PFOA） analysis. Several options for optimizing SPE were evaluated 
such as adjusting sample loading flow rate, washing sample’s bottle by methanol, optimizing cartridges drying step, adding matrix 
washing step, conducting sequential elution, adding volume of solvent and optimizing nitrogen purging. Ion-exchange cartridges 
（OasisWAX and PresepPFC-II） were showed better result comparing to both PresepC-Agri （C 18 ） and OasisHLB. Flow rate 10 mL/
min showed better recoveries of most chemicals comparing to flow rate 5  and 20 mL/min. Comparison of drying cartridges and 
without drying cartridges was conducted for both PresepPFC-II and OasisWAX. The average increase of all twelve chemicals was 
9 % . An experiment was conducted for washing the sample bottles two times after loading to the cartridges. Five milliliter of 
methanol （ 2  times） was applied for each washing. Recoveries of C10 C12 increased by 2 %, 12% and 33%, respectively for both 
cartridges. The elution was done three times by using 2 mL 0.1%NH 4 OH in methanol each time. More than 97% of all compounds 
were eluted in the first elution. An experiment on the effect of PFCs lost during nitrogen purging step was also examined. There 
was no significant in the loss of PFCs during nitrogen purging for 1  hr, 2  hrs and 3  hrs. The solid phase extraction was optimized 
for analysis of twelve PFCs in water sample, especially tap water and river water （with low matrix）. Coupled with the use of 
HPLC-MS/MS, a method detection limit in the range of several tens of parts-per-quadrillion （pg/L） in water can be achieved.
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Novel aspects:
OH-PCBs in ambient air was detected using QFF and PUF which were set to Hi-Volume air sampler.

Abstract:
This analytical method is suitable for the determination ofHydroxylated Polychlorinated Biphenyls （OH-PCBs） in ambient air by gas 
chromatography- high-resolution mass spectrometer with selected-ion monitoring （GC/HRMS-SIM）. OH-PCBs are considered as 
one of the endocrine disturbing chemicals because OH-PCBs have negative impacts on the some thyroid and female hormones. 
OH-PCBs are formed by metabolism of PCBs by the cytochrome P450 enzyme-mediated oxidation and OH radical reaction of PCBs. 
The concentrations of OH-PCBs in the environmental waters, air, sediments and living things have been investigated and OH-PCBs 
have been detected from every medium. In Canada, OH-PCBs were also detected from the rain and snow. In this study, we 
modified the analytical method and investigated the concentration of OH-PCBs in ambient air. The air was introduced into quartz 
fiber filter （QFF） and poly urethane foam （PUF） which were set to Hi-Volume air sampler at a flow rate of 700 L/min for 24 hr （total 
volume was 1000 m 3 ）. After collection was completed, clean-up spike （OH-Di-Hp-CB- 13 C 12  3.0ng）was added to the PUF. Both 
QFF and PUF were simultaneously extracted with acetone by ASE. The acetone extract was added 6  mL of 5 % sodium chloride 
solution, and extracted with 2  mL of hexane, twice. The hexane phase was clean upped with pre-washed Sep-Pak Plus Florisil. 
Sep-Pak Plus Florisil was eluted with 0.5% diethyl ether/hexane 8  mL （for PCB）, and then with 50% acetone/methanol 10 mL （for 
OH-PCBs）. The eluate was concentrated until just before dryness. After derivatization and alkaline digestion, added 6  mL of 5 % 
sodium chloride solution, and extracted with 2  mL of hexane, twice. Concentrated to about 1  mL and dehydrated with 
anhydrous sodium sulfate. The concentrate was applied to a pre-washed Sep-Pak Plus Florisil, and eluted with 8  mL of 5 % 
diethyl ether/hexane. The eluate was concentrated to100 μL and added syringe spike （MBP-70- 13 C 12  0.50 ng）. The method 
detection limits （MDL） and the method quantification limit （MQL） were 0.067 - 0.13 and 0.17 - 0.33 pg/m 3 , respectively. The average 
of recoveries （n = 3 ） from 1000 m 3  of air sample added with 3.0ng OH-PCBs were almost 60-110 % , and the relative standard 
division was 1.2 - 24% . Lowly chlorinated OH-PCBs tend to be collected in PUF and highly ones tend to be collected in QFF. In the 
air samples, OH-PCBs were detected 1 pg/m 3  order and the lowly chlorinated OH-PCBs were dominant.
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Novel aspects:
Combined UPLC-TOF-MS and combustion ion chromatography technique used for first time in elucidating electrolytic degradation 
mechanism of PFOS.Carbon-carbon bond cleavage adjacent to sulfonate functional group is the first reaction step.

Abstract:
Perfluorooctanoic acid （PFOA） and perfluorooctane sulfonate （PFOS） are the most extensively investigated representative 
compounds of perfluoroalkyl carboxylate （PFAC） and perfluoroalkyl sulfonate （PFAS） groups respectively. PFOA can be degraded 
by UV photodegradation in water while PFOS is extremely resistant to the degradation. But the latter in water can be degraded 
very easily by electrolytic method than by UV photodegradation. However, electrolytic degradation mechanism and pathways for 
PFOS are not still known.

Mechanism of electrolytic degradation of PFOS in water is investigated and discussed for the first time using ultra-pressure liquid 
chromatography time of flight mass spectrometry （UPLC-TOF-MS） combined with combustion ion chromatography. Batch tests for 
electrolytic degradation （current = 1.0 A, DC voltage： 33.0 V, surface area of circular platinum electrodes = 236 mm2, current 
density = 4.23 A/m 2 ） of PFOS （concentration = 1.0 mg/L, volume = 250 ml） were conducted using a cylindrical air-tight and heat-
resistant glass vessel for 60 min durations. Sodium bicarbonate （50.0 mmol/L） was added to the reaction solution for enhancing 
electrical conductivity. Liquid samples were collected and analyzed （UPLC-TOF-MS） for PFOS and its degradation intermediates. 
Head space gas samples were adsorbed to activated carbon columns by continuous nitrogen gas flow through the space. Total 
fluoride ion concentration and short carbon-chain intermediates in the sample （i.e. activated carbon after head space gas 
adsorption） were analyzed using combustion ion chromatography. PFOS degradation mechanism in water is discussed based on 
the identified intermediates.

Though it has already been demonstrated that fluorinated short carbon-chain byproducts of PFOA degradation remain mostly in 
gas phase （i.e. head-space gas）, no such products of PFOS electrolytic degradation in activated carbon columns were observed 
in this investigation. Absence of fluorinated short carbon-chain compounds and additional fluoride ion contents due to oxidation 
of the compounds during combustion ion chromatographic analysis strongly suggested that either the compounds were actually 
absent during PFOS degradation or the compounds in gas phase were not adsorbed to activated carbon. This point still remains 
to be elucidated. Analysis of water samples by UPLC-TOF-MS showed fragments （with seven carbon atoms） of PFOS having 
hydroxyl functional group suggesting carbon-carbon bond cleavage adjacent to sulfonate functional group followed by its 
hydrolysis during electrolytic degradation of PFOS. The present investigation needs to be continued further to understand whether 
fluorinated short-carbon chain byproducts of PFOS electrolytic degradation do not really exist in head-space gas and elucidate on 
complete degradation mechanism.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 35: Environment I

PTh-055
11:10 － 12:20

2,3,7,8-tetrachlorodibenzo-p-dioxin congener in breast milk among 3 hot 
spots in Vietnam

Manh D Ho1, Teruhiko Kido1, Rie Okamoto1, Tai T Pham2, Muneko Nishijo2, Hideaki Nakagawa2, 
Shoko Maruzeni2, Hung N Nguyen3, Nhu D Dang3

1 Kanazawa University, Kanazawa, Japan, 2 Kanazawa Medical University, Japan, 3 Ha Noi Medical University, Vietnam

　
Keywords:
TCDD, dioxin congener, hot spot, Vietnam

Novel aspects:
Investigating dioxin and furan congener profile in 3  dioxin - contaminated areas in VIetnam, which are known as hot spots, we 
found TCDD contribution were different in these hot spots.

Abstract:
Using GC-MS to quantify 7  congener of polychlorinateddibenzo-p-dioxins （PCDDs） and 10 congener of polychlorinated dibenzo-p-
furans（PCDFs） in breast milk of Vietnamese primiparous mothers who are living in dioxin-hot spots in Vietnam. These areas are 
former United State Airbases in Southern Vietnam, where herbicide was stored during the Vietnam War. These airbases are 
knowns as hot spots because of extremely higher level of dioxin in comparison with sprayed and non-sprayed areas. There major 
hot spots are Bien Hoa, Da Nang and Phu Cat. 52 breast milk samples in Bien Hoa （BH）, 43 in Da Nang （DN）, and 23 in Phu Cat 
（PC）, and 19 in Kim Bang （KB）- a non-exposed area were collected between 2008 and 2010. Mean total toxicity equivalence 
（TEQ-WHO 2005） of PCDDs/PCDFs in BH, DN, PC were 10.9, 16.0, 14.8 pg-TEQ/g lipid, respectively while it was 4.51 pg-TEQ/g lipid 
in KB. Mean of TCDD concentration in BH, DN, PC and KB were 3.60, 2.47,1.79 and 0.64 pg/g lipid, respectively. DN and PC have 
same congener  d iox in and furan prof i le  but  d i f ferent  f rom BH.  In  DN and PC the re lat ive abundance of 
1,2,3,7,8-pentachlorodibenzo-p-dioxin （PeCDD） is about 2 - 3  times higher than 2,3,7,8-tetrachlorodibenzo-p-dioxin （TCDD）； 
however relative abundance of TCDD is higher than that of PeCDD in BH. When TCDD concentration were categorized, 
percentage of samples have TCDD in the highest category （>10 pg/g lipid） or lowest category （< 1  pg/g lipid） in BH are higher 
than PC and DN, which mean that there is a large variation in TCDD level from BH, especially a small number of mothers in BH are 
highly exposed. Mean percentage of TCDD contribution to TEQ in BH, DN, PC and KB were 24.6 % , 15.1 % ,12.2 % and 13.3 % , 
respectively. Various herbicides were used during the Vietnam War including Agent Orange, Agent Purple, Agent White, Agent 
Blue, Agent Pink.These herbicides were contaminated with different concentration of TCDD, which may explain the different in 
TCDD levels from those hot spots.
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Novel aspects:
Usage of APPI and FTICR mass spectrometry for the characterization and comparison of organic components, including 
compounds of low polarity, found in waters from different sources in the Athabasca region

Abstract:
Due to pressures on a finite supply of petroleum as consumption continues to grow, it is necessary to turn to less conventional 
sources, such as oil sands. The Athabasca oil sands are located in Alberta, Canada, and consist of clay, sand, water, and bitumen. 
An alkaline hot water extraction process can be used to separate the bitumen, which can then be upgraded to synthetic oil. 
Approximately three barrels of water are consumed during the production of one barrel of oil, resulting in intensive water usage 
by the oil sands industry. This oil sands process water （OSPW） must be stored in vast tailings ponds, as there is a zero discharge 
policy, and there is a need to monitor potential effects upon local water quality. It is important to be able to differentiate between 
those organic components found in the aquatic environment due to natural processes, such as expected seepage of oil sands 
material, and those which arise due to human activity.

Samples were acquired from a range of natural water and oil sands process water sites in the Athabasca Basin and analysis was 
performed using a 12 T solariX Fourier transform ion cyclotron resonance （FTICR） mass spectrometer （Bruker Daltonik GmbH, 
Bremen, Germany）. Previous research into the characterization of OSPW has typically relied upon the usage of electrospray 
ionization （ESI）, usually due to the targetting of naphthenic acids within the complex mixtures. Whilst ESI is best suited to the 
study of polar and ionic species, atmospheric pressure photoionization （APPI） can be applied to the study of less polar species 
and can produce radical ions in addition to protonated/deprotonated ions. ESI and APPI represent complementary methods, 
where APPI is an amenable ionization method for the study of a broad range of compounds, such as less polar, sulfur-containing 
compounds and hydrocarbons which do not incorporate heteroatoms. Mass spectra of complex mixtures that have been acquired 
using APPI are typically more complex, due to the greater number of components observed and the fact that radical ions are 
observed in addition. High field FTICR mass spectrometry offers ultra-high resolving power and mass accuracy, which afford high 
confidence in assignments of species within complex mixtures, which is particularly important for mass spectra generated using 
APPI. 

Following assignments of elemental compositions, it is possible to visualize the data using different methods of categorization, 
such as heteroatom content, carbon number, “hydrogen deficiency“ （Z）, or double bond equivalents （DBE）. Principal 
component analysis （PCA） has been used to highlight similarities and differences between water sources. Differences were found 
between river waters, ground waters, and OSPW, indicating potential for determining anthropogenic influences on the aquatic 
environment.
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Novel aspects:
This study presents a new quantitative method for quantification of the pesticide imazalil and its major metabolite DCPI in human 
urine using LC/MS/MS.

Abstract:
Introduction - Imazalil is a widely used post-harvest fungicide applied on a variety of crops, especially on fruits. Imazalil is also 
used in veterinary medicine as an antimycotic drug. 
Imazalil is classified as “Likely to be carcinogenic inhumans,“ according to EPA. Exposure to imidazole derivatives is also 
suspected to produce craniofacial malformations in vertebrate development. Studies on rats have shown that imazalil is 
metabolized into 25 different metabolites with 1 -（2,4-dichlorophenyl）- 2 -（ 1 H-imidazole- 1 -yl）- 1 -ethanol （DCPI） as the major 
metabolite. There are very few studies in humans, however a case study of a patient treated with imazalil indicated a half-time of 
2  h in serum. Various methods have been published for determination of imazalil residues in agricultural and food products. 
However, no methods have been described for determination of imazalil or its metabolites in human biological samples. Human 
occupational exposure can be substantial especially in developing countries were the use is high. It is especially common that 
women in fertile age are exposed during post-harvest treatment. Thus, methods for measurement of biomarkers of exposure is 
valuable. The aim of this study was to develop a simple liquid chromatography-tandem mass
spectrometry （LC/MS/MS） method for the analysis of imazalil and DCPI in human urine.
Method Several SPE columns were evaluated and optimized for sample pretreatment. The eluates were analyzed using 
electrospray ionization and selected reaction monitoring （SRM） in positive ion mode after separation on a C18 LC column. The 
mobile phase used was water and methanol with0.1% formic acid. D 5 -labeled imazalil was used as an internal standard. 
Results Two SPE columns could be used for samples pretreatment, C 2  and Oasis HLB. The sample was retained at neutral pH and 
eluted using 1 % formic acid in methanol. For quantification of imazalil the transition atm/z 297.1-159.0 and for DCPI the transition 
m/z 257.0-69.2 was used. The method have an LOD of 1  ng/ml for both imazalil and DCPI. Data on levels found in a population will 
be presented.
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Novel aspects:
The combination of GCMS analyses snd photolytical studies has resulted in detailed understannding of the underlying mechanisms 
for aerobic formation of methane from plants.

Abstract:
Introduction
Methane （CH 4 ） is the second most important long lived greenhouse gas. The total global CH 4  source strength is well described, 
whereas substantial uncertainties exist about the strength of individual source components. When it was discovered that 
terrestrial plants emit CH 4  under aerobic conditions it presented quite a conundrum as CH 4  is a highly reduced molecule. The 
ubiquitous plant structural component pectin is a highly activated methyl donor, and in purified form it emits CH 4  in response to 
UV-radiation. Therefore, pectin is regarded as one of the most likely precursors in plants to aerobically emitted CH 4 . In vivo, 
however, pectin is situated under the cuticle and in between primary cell walls and is very well protected against UV-radiation 
due to absorption and reflection by the outer epicuticular wax layers. This raises the question to what extent UV-induced CH 4  
production may occur at the plant surface wax layer. In this presentation we report the mass spectrometric investigations of the 
photolytic pathways.

Materials and methods
Seeds of Brassica oleracea capitata f. alba, donated by Nordic Gene Bank, were germinated in potted soil and grown for seven 
weeks in a climate controlled chamber. The B. oleracea surface wax was gently removed and exposed to 17 W m -2  of UV-B （309-
314 nm） for 331 h using Philips PL-S 9 W/01 2  P 1  CT tubes while incubated in gas tight, UV transparent glass vials.

Analysis
Head space aliquots of 500 µl were sampled and identification of the gaseous products （C 1 -C 3 ） was performed with a Varian 3400 
gas chromatograph interfaced to a Saturn II ion trap mass spectrometer （GCMS）. The compounds were separated using a 
PORAPLOT U fused silica column 

The leaf surface wax was analyzed by GCMS using a Hewlett Packard HP 6890 gas chromatograph interfaced to a HP5973 mass 
selective detector. The products were separated using WCOT fused silica column coated with VF-23 and identified using NIST 
search engine, version of 2.0 f. 

UU/VIS spectra were obtained using a HPLC system and a UV6000LP PDA-detector 

Results and discussion
A trial resulted in specific CH 4  emission rate of 153 ± 14 nmol CH 4  g -1  wax h -1  in air when exposed to UV-radiation. The GCMS 
analysis of the leaf wax revealed （C 29 H 60 ） and 15-nonacosanone （C 29 H 58 O） as the predominant compounds accompanied by linear 
C13-C15 aldehydes, 2 -pentadecanone and 2 -hexadecanone in low concentrations. The surface lipids have only a weak UV 
absorption tailing into the 300-330 nm region. However, the photolytic products of isolated surface wax as well as the secondary 
products were identified by GCMS analysis. 

In sum, methane formation from leaf surface wax is a two step process initiated by a photolytic rearrangement reaction of the 
major wax component, i.e. 15-nonacosanone followed by an α-cleavage of the generated ketone. In the latter reaction the 
presence of concurrent path ways become significant for the yield of methane as only the Norrish I route leads to methane. The 
ratio of the Norrish I and II routes can be estimated using the two products 1 -tridecene （Norrish II） and tetradecane （Norrish I）. 
This ratio C 14 H 30 /C 13 H 26  has been estimated to 0,021, and hence the methane route is a minor, but nevertheless significant process.

Mass spectrometry was found to be an excellent analytical tool for rationalization of the photolytic pathways
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Application of HPLC/MS in determination of heroin metabolites in saliva 
an urine samples
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Keywords:
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Novel aspects:
Developing accurate, simple, cheap and suitable method in determination of heroin metabolites in saliva an urine with HPLC/MS

Abstract:
Introduction
Urine is a common, and saliva represents an alternative specimen for substances of abuse determination in toxicology. In this 
study, one step was to optimize a method for saliva and urine specimen preparation for heroin metabolites, codeine, 
6 -monoacetylmorphine （ 6 -mam） and morphine determination by high performance liquid chromatography-mass spectrometry 
（HPLC/MS）, and then this method was applied on saliva and urine samples taken from the patients. As a preliminary analysis, 
test strips for opiates identification in patients` urine were used. Saliva and urine samples from patients whose preliminary test 
was “positive“ were taken for further analysis.

Methods
Sample preparation
Both, saliva and urine specimens was prepared using liquid/liquid extraction of codeine, 6 -mam and morphineby mixture of 
chloroform and isopropanol （ 9 ： 1 ； v/v）.

HPLCMS analysis
Extracts were analyzed by HPLC-ESI-MS technique： at Waters Alliance ® system, the separation column Waters Spherisorb® 5  μ
m, ODS2, 4.6 × 100 mm was used； mobile phase： ammonium acetate ： acetonitrile （80：20； v/v）, mobile phase flow rate 0.3 mL/
min, autosampler temperature 20°C； injection volume 50 μL； Mass detection range： 100400 m/z, centroid mode, interscan delay 0.1 
s, scantime0.5 s, splitless, four voltage values： 70, 60, 50 i 38 V, ES+, source temperature 150°C , desolvation temperature 430°C, gas 
flow for desolvation 362 L/h and at cone 135 L/h, capillary voltage 3  kV - mass spectrometer Waters Micromass® ZQ™ （Waters 
Corporation, Milford, MA, USA）. 
Calibration and optimization were done using morphine standard （ion 286） 10 mg/L at flow rate 10 mL/min. Regression and 
correlation analyses were performed with the probability level of 0.05. Mass spectra were analyzed by software Waters 
MassLynx™ （Waters Corporation, Milford, MA, USA）.

Results and Discussion
Calibrations for each analyzed substance in both specimens were done in the concentration range from 0.1 to 1  mg/L and the 
coefficients of correlation were above 0.99. Recoveries for morphine and codeine determination in saliva was 99%, while for 6 - 
mam it was 94 % and recoveries for morphine, codeine and 6 -mam for determination in urine were 103 % , 101 % and 93 % , 
respectively. Limits of detection and quantification of a proposed method were 0.01 mg/L and 0.05 mg/L, respectively for both 
sample types. 
Applying the proposed method on real samples of patients （n=10） where positive reaction was obtained on test strips we 
determined concentrations of heroin metabolites in selected samples in following ranges： Concentration of codeine in the saliva 
of the heroin abusers ranged from 0.05 to 5.33, for morphine between 0.05 and 5.33 and for 6 -mam between 0.01 and 0.68 mg/L. 
Concentration of codeine in the urine samples of the same patients ranged from 0.22to 5.74, for morphine between 0.15 and 6.32 
and for 6 -mam between 0.05 and1.78 mg/L.
A proposed HPLC/MS method for codeine, 6 -mam and morphine determination in saliva and urine samples is accurate, simple, 
cheap and suitable for routine analysis and monitoring of heroin abuse.
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Keywords:
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Novel aspects:
For analysis of BDEs using GC/MS or GC-MS/MS, the novel method using AIQS-DB and the conventional （isotope dilution method） 
was developed for easy operation and reduction of standards.

Abstract:
There are 209 isomers of polybrominated diphenyl ether （BDEs） with each one showing different level of toxicity and detection 
frequency in environmental samples. GC-MS is commonly used for the analysis of BDEs.
 A common method of BDEs analysis requires the expensive standards and instrument of gas chromatograph/ double focusing 
high resolution magnetic sector mass spectrometer （GC-HRMS）. Moreover, the handling and maintenance of GC-HRMS 
instruments is a time-consuming and labor-intensive work. This situation is critical problem especially for environmental 
laboratories in under developing countries. 
 Kadokami et al. ［ 1 ］ developed a novel automated identification and semi-quantification system with a database （AIQS-DB） 
which allows an automatic identification and semi-quantitation of 1,000 pollutants without standard sample analysis. The database 
includes retention indices, mass spectra, and internal calibration curves for 1,000 pollutants. The pollutants are identified using the 
mass spectrum and retention time predicted by retention index and retention times of n-alkanes. Semi-quantitation is performed 
using internal calibration curve. 
 We developed a method for BDEs analysis. For reduction of the necessary authentic standard, AIQS-DB was applied to BDEs 
with less toxicity and detection frequency, while the conventional method （isotope dilution method） was applied to BDEs with a 
higher toxicity and detection frequency in order to obtain precise quantitation results. For easy handling and maintenance, single 
quadrupole mass spectrometer of GC-MS was used.
 The developed method was applied to sediment samples. BDEs were detected and semi-quantitation results were obtained. 
However, several samples with heavy matrix could not detected BDEs due to peak overlapping. GC-MS was not applied to heavy 
matrix sample analysis such as sediment sample. Gas chromatography triple quadrupole mass spectrometry （GC-MS/MS） was 
applied to improve the separation of BDEs from heavy matrix, ensuring easy handling and maintenance. Using GC-MS/MS, BDEs 
were successfully identified and determined, corresponding to the results by the conventional method by HR-GCMS.

1. Novel gas chromatography-mass spectrometry database for automatic identification and quantification of micropollutants, 
Kiwao Kadokami, Kyoko Tanada, Katsuyuki Taneda, Katsyhiro Nakagawa, J. Chromatogr A, 1089 pp 219-226, 2005.
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LC-HRMS investigation of the human in vitro metabolism of brominated 
flame retardants using APPI and ESI.
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Keywords:
Brominated flame retardants, APPI, High resolution mass spectrometry, metabolism

Novel aspects:
Complementary use of ESI and APPI for complete characterisation of BFRs formed in vitro. HRMS provides discrimination between 
isobaric hydroxy-polybrominated diphenylethers. New information about metabolic fate of BFRs in human.

Abstract:
Brominated flame retardants （BFRs） are widely used in the production of polymers and plastics in order to prevent fires in 
electronic and domestic goods. These compounds, mainly represented by tetrabromobisphenol-A （TBBPA） and 
polybromodiphenyl ethers （PBDEs）, are suspected to act as endocrine disruptors ［1,2］ and their toxicity is of growing concern. 
However, although the occurrence of BFRs has been shown in almost all environmental compartments, limited data is available 
about their fate, in particular in humans.
GC-MS is widely used nowadays for the analysis of PBDEs, though not perfectly suited for the highest MW PBDEs （octa- to deca-
BDEs）, mainly due to thermal degradation problems. For TBBPA, a derivatisation step is required. In this work, LC-MS methods 
based on ESI and APPI associated with high resolution ion analysis, were developed for the analysis of BFRs metabolites, which 
we expected to be moderately polar to polar molecules. These methods were applied to the study of in vitro metabolism of BFRs 
after incubation with human primary cultures of hepatocytes. HRMS full scan analysis was found to be useful not only for the 
identification of known metabolites, but also for the detection of non targeted metabolites, which were identified by MS/MS 
experiments.
First, the efficiency of ESI, APCI and APPI was compared for the analysis of TBBPA, PBDEs and their metabolites formed after 
incubation with hepatocytes. ESI was found to be well suited for the analysis of TBBPA and their metabolites, as well as for 
hydroxylated metabolites of PBDEs. We have previously shown that LC-MS using Atmospheric Pressure Photo Ionization （APPI） 
could constitute a possible alternative for the analysis of PBDEs ［ 3 ］. In the continuation of our work, the use of APPI was 
assessed for the analysis of PBDE metabolites with particular emphasis on hydroxylated PBDEs. 
After the optimization of APPI ionization parameters （nature and % of dopant, heated nebulizer and transfer capillary 
temperatures, LC mobile phase composition and flow rate）, a high resolution acquisition was set up on a LTQ-Orbitrap 
instrument operating in the full scan mode at a resolution of 60,000, which was necessary to get a total resolution of e.g. the m/z 
498,7 ions formed from both OH-tetra-BDE ［M-H］ -  ions and OH-penta-BDE ［M-H-HBr］ -  ions.
The developed methods were then applied to the study of TBBPA and BDE-47 metabolism after in vitro incubations with human 
hepatocytes. Absolute quantification of metabolites was achieved by using radiolabelled molecules. LC-ESI-HRMS allowed the 
identification of conjugated forms of TBBPA, namely glucuronide, sulphate and doubly conjugated metabolites. For BDE-47, LC-
APPI-HRMS allowed not only the identification of expected metabolites such as hydroxylated PBDEs, but also the characterization 
of other metabolites, such as a tetra-BDE dihydrodiol and conjugated metabolites. For the latter metabolites, identification was 
completed by the use of ESI, allowing the access to the m/z of quasi-molecular ions.
Results obtained in vitro using human primary hepatocyte cultures as well as other human cell lines demonstrate that human cells 
can biotransform TBBPA into conjugated metabolites and BDE-47 into hydroxylated, dihydrodiol and conjugated metabolites. The 
potential of these metabolites to be used as biomarkers of exposure in human samples will further be evaluated within the frame 
of ongoing impregnation studies.
References
［ 1 ］ Law RJ, Herzke D, Harrad S, Morris S, Bersuder P, Allchin CR （2008） Chemosphere 73：223-241 
［ 2 ］ Antignac JP, Cariou R, Zalko D, Berrebi A, Cravedi JP, Maume D, Marchand P, Monteau F, Riu A, Andre F, Le Bizec B （2009） 
Environ. Pollut. 157：164-173 
［ 3 ］ Debrauwer L, Riu A, Jouahri M, Rathahao E, Jouanin I, Antignac JP, Cariou R, Le Bizec B, Zalko D （2005） J. Chromatogr. A 
1082：98-109
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Keywords:
POPs, HCHs, enantioselective analysis, Japan Sea

Novel aspects:
Pollution levels of POPs in sea water and air over the ocean were investigated. Also isomer and enantiomer analysis were 
conducted to estimate the source and pollutant pathway of POPs.

Abstract:
Although a large amount of Persistent Organic Pollutants （POPs） have been used in Asian countries such as China or Korea, the 
state of contamination has not been clarified in Japan Sea surrounded by these countries. In this study, pollution levels of POPs in 
sea water and air over the ocean were investigated by using voluntary sampling of passenger ships. Also isomer and enantiomer 
analysis were conducted to estimate the source and pollutant pathway of POPs. 
The sea water samples （approx. 50L） and air samples（approx.108m 3 ） were taken by the passenger ship （NYK cruses CO.,LTD , 
ASKA- 2 ） equipped with concentrating device between 2009 and 2011.Also in downstream site of Chang Jiang, water samples
（approx.6L） were taken in 2010 and 2011.
Identification and quantification of POPs were performed using a gas chromatograph, （HP6890N Agilent） /high-resolution mass 
spectrometer（800D,JEOL Ltd.） equipped with HT- 8 PCB capillary column
 （60m*0.25mm id. Kanto Chemical） and BGB172 capillary column（30m*0.25mm id, BGB Analytik AG） for enantioselective analysis
In this result, the highest concentration of Hexachlorocyclohexanes （HCHs） was in the sea around the northern Hokkaido, 880pg/L. 
DDTs was higher in Tsushima straits than in the north of Japan Sea. On the other hand, it is several times higher concentration in 
Chang Jiang than in around the Sea of Japan, 1300&#65374；2600pg/L （HCH）.
From the view point of isomer pattern, the ratios （ α/γ ） of Sea waters were apparently different according to the areas. In 
general, lowerα/γratios were observed in low-latitude region. Especially in downstream site of Chang Jiang, it was the lowest 
value,1.4±0.1, and 1.9±0.6 in the seas around Korea,
4.2±0.6 in southwestern Sakhalin. These results seem to reflect the usage of γ-HCH（Lindane） in China and indicate that HCHs 
was discharged to the marginal seas of the region through rivers in considerable amounts and transported to Japan Sea via 
oceans.
Dechlorane Plus （DP） is a chlorinated FR additive introduced as a replacement for Dechlorane, or Mirex.
In the past, there are few data of DP in the environment. In this study the concentration of DP in the sea water was investigated 
for the first time. The range of DP is 0.7&#65374；14pg/L in the sea around Japan and 5 &#65374；16pg/L in Chang Jiang. 
As for chiral analyis, it is regarded that enantioenrichment indicates that it was released some time ago and has since been 
subjected to recycling from water or soil. EF value of α-HCH was close to racemic in southwest Sakhalin（0.5±0.02） ,downstream 
site of Chang Jiang （0.51±0.02） . In Chang Jiang and the northern Hokkaido, enantiomer fractions （EFs） of alpha-HCH was nearly 
0.5（racemic）. It suggests that those areas were affected by relatively-recent pollutant source.
In Japan Sea, as latitude become higher, EF values tend to become lower. Since 2005’s survey , EF values was 0.46±0.05 in middle 
Japan Sea, 0.44±0.03 in northern Japan Sea（ around Hokkaido）,0.46±0.01（pacific sideboard of Tohoku area）. These results 
indicate that southwest Sakhalin, downstream site of Chang Jiang and Tsushima Straits area polluted by relatively new HCHs.
From comprehensive viewpoint, there is a possibility of contamination in Japan Sea, which is caused by the transportation from 
other countries and polluted area by HCH was found in around Hokkaido.
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LC/ESI(-)-MS/MS analyses of the biotransformation products of dibenzo-p-
dioxin by Sphingobium sp. strain KK2
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Keywords:
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Novel aspects:
LC/ESI（-）-MS/MS was utilized to determine biotransformation products of dibenzo-p-dioxin by a bacterium.

Abstract:
Biaryl ether environmental pollutants such as dibenzo-p-dioxin, dibenzofuran and their halogenated congeners are considered to 
be environmentally-persistent pollutants that originate from incineration processes of domestic and industrial waste. There is 
much interest to know the ultimate environmental fates of these compounds and this includes the contributions of soil 
microorganisms to their biotransformation. A soil bacterium, Sphingobium sp. strain KK22 was recently isolated from a 
hydrocarbon-degrading microbial consortium and was found to biotransform dibenzo-p-dioxin following induction on the 3 -ring 
polycyclic aromatic hydrocarbon phenanthrene. Strain KK22 was exposed to 50 mg/L dibenzo-p-dioxin in 50-ml size microcosms 
and was sampled multiple times over 48 hours. Liquid chromatography electrospray ionization tandem mass spectrometry coupled 
with UV detection in negative ionization mode （UV-LC/ESI（-）-MS/MS） was conducted by full scan analyses on acidified 
microcosm organic extracts and revealed multiple putative ions of interest that were not detected in biotic and abiotic controls. 
Further investigation by CID product ion scanning showed that least two biotransformation products corresponding to the 
deprotonated molecular ions ［M - H］ -  = 251 and ［M - H］ -  = 267 were present. Fragmentation analyses revealed that these 
compounds appeared to be ring-opened structures derived from initial angular dioxygenation of the dibenzo-p-dioxin molecule by 
strain KK22 and they were tentatively identified as 6 -（ 2 -hydroxyphenoxy）- 6 -oxo-hex- 4 -enoic acid and a singly-hydroxylated 
derivative respectively. If confirmed, these chemicals shall represent previously unreported metabolites from dibenzo-p-dioxin by a 
bacterium. Further investigation is continuing to determine the nature of dibenzo-p-dioxin transformation by strain KK22 through 
the utilization of LC/ESI（-）-MS/MS.
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Novel aspects:
Novel information of CWA contamination of the Baltic sea.

Abstract:
After the Second World War, a large amount of chemical warfare agents （CWAs） were dumped at the Baltic Sea. For example, in 
the Bornholm dumpsite located within Danish economic zone, it is estimated that over 500,000 shells and containers containing 
over 11,000 tons of chemical warfare agents were dumped in 1947 by the Soviet Military Authority in Germany. 

In this study, sediment samples were collected during different sampling cruises conducted in the Bornholm dumpsite or around it 
between 2006 and 2011. The target chemicals were mustard, tabun, Clark I & II, Adamsite, Lewisite I & II and α
-chloroacetophenone as well as arsenic oil containing Clark I, triphenylarsine, phenyldichloroarsine and trichloroarsine, and related 
degradation products. After an appropriate sample preparation procedure, the samples were analysed using GC-EI/MS with 
selected ion monitoring （SIM） as such and after derivatisation with propanethiol, and LC-APCI/MS/MS with selected reaction 
monitoring （SRM） as such and after oxidation using hydrogen peroxide.
Analysed sediment samples showed considerable spreading of arsenic-containing chemicals within the dumpsite as well as 
between the dumpsite and the Bornholm Island. The highest found sediment concentrations have been over 16,000 ng/g of 
degradation products of Clark I and 39,000 ng/g of triphenylarsine within the primary dumpsite. ［ 1 ］

Baltic Sea contains also unexplored areas, e.g. Gotland and Gdansk deep, that have been claimed as dumping sites of CWAs. The 
Chemical Munitions Search and Assessment （CHEMSEA） project has been established to carry out investigation at the official and 
unofficial dumping areas in the Gotland and Gdansk deep. The main focus of the project is to locate the dumped CWAs and 
sample the surrounding environment to assess the possible threat. The outcomes of the project will also include 
recommendations on operating procedures, and guidelines to employ in those areas, to be used by maritime administrations of 
respective countries, as well as a contingency plan for risk management. The CHEMSEA project is a transnational collaboration 
including project partners from five EU countries and a number of associated organizations, including governmental agencies and 
international organizations. This project is part of the Baltic Sea Region Program and is partly financed by the European Union. The 
project was started in the fall of 2011 and will continue until early 2014. ［ 2 ］

References
［ 1 ］ T. Missiaen, M. Söderström, I. Popescu and P. Vanninen, Sci. Total Environ., 408 （2010） 3536-3553.
［ 2 ］ J. Jeldowski and T. P. Long, Mar. Technol. Soc. J., 46 （2012） 28-36.
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Keywords:
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Novel aspects:
The main difficulty is the wide panel of chemical structures to be separated using a single rapid automated method

Abstract:
Introduction :
Over 50 cytotoxic chemotherapies are used in hospitals. The main anti-cancer drugs used in cancer chemotherapy can be 
classified into several categories： cytotoxic, the most represented, but also hormones, immune response modifiers and 
antibodies. Most cytotoxic agents used in cancer chemotherapy interact with DNA or its precursors. Very few studies are 
evaluating the future of these drugs in wastewater. Potential risks associated with these discharges are poorly understood and 
require study work and research to better understand the hazards, exposure characterization and assessment risks to human 
health and the environment. The purpose of the study is to establish an analytical methodology to screen most of the anti-cancer 
drugs currently used in hospital waste waters. 
Methods :
The goal was to develop a simultaneous analysis of a large number of anticancer drugs from water samples with a limited amount 
of sample. These samples are processed by on-line solid phase extraction （SPE） to isolate and concentrate the different 
cytotoxics. Following extraction, compounds are transferred to an UHPLC column for separation. Detection is performed using 
Multiple Reaction Monitoring mode on an ultrafast triple quadrupole mass spectrometer. Special attention was given to the 
orthogonal selectivity and to the working pressure compatibility of the extraction and analytical columns.
Preliminary results:
The UHPLC system （NEXERA, Shimadzu Corp.） is equipped with an online SPE cartridge which, thanks to the innovative switching 
valves configuration, is isolated from the high pressure LC. This allowed us to combine on-line SPE with UHPLC. The first step of 
the project was to optimize the MRM transitions for each molecule of the chosen list and to choose the best mobile phase 
composition compromise for optimum sensitivity. Once that process done for the 25 selected drugs, several SPE sorbent for 
extraction of a wide range of different chemical class compounds were tested. The same study was conducted on the choice of 
the analytical column trying to combine several retention mechanisms. The final stage of development of the method was devoted 
to optimization of the sensitivity to reach the lowest limit of quantification and to study of the dynamic range for each molecule. 
Finally the methodology was validated with real wastewater sample to assess extraction and ionization recovery as well as 
ruggedness of the system.
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Keywords:
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Novel aspects:
Identified high levels of POPs in technical CPs and products by GC-HRMS or GC-HR-Tof-MS

Abstract:
Chlorinated paraffins （CPs） are industrial products used as metal-working fluids and flame retardants for plastic materials. Short 
chain CPs （SCCPs） seems to persist in the environment and bioaccumulate in biota, and are under review by the Stockholm 
Convention on persistent organic pollutants.
We identified high levels of POPs such as PCBs, PCBz, PCNs and HCHs from air sampler materials. After detailed investigations 
these POPs are concluded as impurities of technical chlorinated paraffins （CPs）, which used for rubber materials as flame 
retardant at 2 - 6  % contents. The exact mass spectrum and accurate mass of these chemicals are fixed theoretical mass with few 
ppm errors. The profile of PCBs congeners are close to technical PCBs, which suggest chlorination of biphenyls as impurities of 
paraffins. The homologue profiles of PCBs are relatively lower chlorination pattern with some specific congeners. 
These technical CPs are imported from China. The production of total CPs in China has continued to increase, reaching 600,000 
tones in 2007. Although the huge production and use of CPs in China could imply potential contamination of various media, there 
is little information on exposure to SCCPs. In our previous study, the analytical methods for SCCP were investigated in detail and 
applied for dietary samples. Preliminary evidence on the significant increase of SCCP in food sample Beijing in 2009 warrants urgent 
investigations to refine dietary intake estimates by targeting food types and source identification.
On the other hand, the finding high levels of legacy POPs as impurities in technical CPs are more serious for POPs inventories 
around the world.
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Novel aspects:
Absolute configuration of PCB-183 （aS and aR） were determined, aS-PCB-183 and aR-PCB-183 in serum are determined enantio-
selectively.

Abstract:
The electronic circular dichroism（CD） spectra of a pair of enantiomeric 2,2’,3,4,4’,5’,6-heptachlorobiphenyls （PCB-183） were 
investigated for the first time experimentally and theoretically. Geometrical optimization at the DFT-D 3 -B-LYP/TZVP level revealed 
that the two phenyl planes of PCB-183 are nearly orthogonal （89°）. Due to the sterically large chlorine atoms, PCB-183 becomes 
atropisomer. Thus, optical resolution was performed by chiral HPLC （column： OJ-H）, affording enantiomerically pure first elute 
（100% ee） and optically enriched second elute （74% ee）. Their experimental UV-vis and CD spectra in n-hexane were compared 
with those obtained by theoretical calculations at the RI-CC 2 /aug-TZVPP level.
Determination of absolute configuration is crucial in the structure elucidation and their biological activities of chiral compounds, 
and it is also true for PCB atropisomer. However, the determination of absolute configuration of PCB has never been performed. 
Here absolute configuration of PCB-183 （aS and aR） were determined, aS-PCB-183 and aR-PCB-183 in human sample are determined 
enantio-selectively.
Sample collection： The serum and adipose tissue samples were obtained after receipt of written informed consent. After about 
10ml of blood were centrifuged by 3000 rpm, serum samples were obtained and stored in -20°C until analysis.
Extraction and cleanup： About 2 g of serum was added cleanup spike solution, 2.5ml of diethyl ether, and 5 ml of ethanol, then 
extracted with 10ml of hexane twice. Hexane extracts were passed through 1 g of florisil/ 1 g of silica gel double layer column 
（Supelco Inc., U.S.）, eluted with 15ml of 15 % diethyl ether/hexane. Eluate was concentrated to 0.1ml under gentle stream of 
nitrogen, and then added syringe spike solution 1) .

GC and LC conditions for chiral separation
To determine absolute configuration of each PCB atropisomers, the enantioselective separation of PCB atropisomer was 
performed using HPLC（TOSOH CO-8020, SHIMADZU LC-10AT） with CHIRALCEL （DAICEL） OJ-H （4.6mmIDx150mm）. The adsorbent 
is cellulose tris（ 4 -methylbenzoate） silica gel coating type, particle size 5μm, sample loop ： 20μL, column temp ： 38°C, n-hexane 
was used as elution solvent with flow rate 0.3mL/min, UV 291nm.

PCB-183 in human sample was enantio-selectively determined by GC/HRMS.（JEOL JMS-800D） using BGB-172 column （20 % tert-
butyldimethylsilylated beta-cyclodextrinin methylphenylcyanopropylpolysiloxane, 30m length x 0.25mmID, 0.25μm Film Thickness, 
BGB Analytik AG）. Carrier gas was helium, and injector and transfer line temperature were 230°C and 245°C. 1μl of samples 
were injected splitless at an initial temperature of 120°C, 4 °C/min to 180°C, 1 °C/min to 230°C, and held for 10minutes. The ion 
source was operated in the electron-impact mode （EI, 38eV, 250°C）.

Experimental data and theoretical calculation results
The concentrations is calculated as epsilon（209）=73000. Experimental CD spectra of aR/M are roughly similar in comparison with 
theoretical calculation of aS/P.（aS： axial S）. In experimental CD spectra, comparison between fraction A（100%ee） and fraction 
B（74%ee） multiply 1.35 with inversion of sign were in excellent agreement. The first elution peak on BGB-172 column by GC/MS is 
assigned as aS/P. The first elution peak on OJ-H column by LC/MS was also assigned as aS/P.

1 ）Chisato Matsumura et al, Organohalogen compounds, 69, 275-278, 2007
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Analysis of natural organic dyestuffs extracted from textiles.
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Novel aspects:
During the first phase of colour fading of textiles the aglycone concentration is increasing because of the O-glycosidic bond 
breakdown.The moment O-glycosidic bonds are completely hydrolysed, aglycone concentrations begin sinking.

Abstract:
Study of the fading of natural dyes in （historical） textiles is rather complicated because of low concentration of investigated 
chromophores plus a big surplus of matrice elements （textile fibres and degradation products） and because of the lack of 
significant portions of the testing material. 
 Most suitable method is extraction/soft hydrolysis by mixture of methanol formic acid （95 ： 5 ） followed by LC-MS analysis. Most 
of the previous papers were concentrated on the analysis of chromophores themselves （aglycones） while glycosylated 
chromophores were not the principal target. The main reason was that the extraction by mixture of 37% HCl/MeOH/H 2 O （ 2：1：
1 ） would hydrolyse O-glycosylated chromophores. Therefore, it is not possible to study the concentration changes of 
O-glycosides along with their artificial aging. 

 The overall goal of this work is to devise efficient techniques for extracting dyes from textile samples without simultaneously 
decomposing some of the dye components. Moreover, this type of extraction is more suitable for MS-analyzers, as HCl is a 
corrosion agent and, at the same time, formic acid can be readily evaporized after the extraction.
 Silk textiles were dyed by mordant dyes （anthraquinones） extracted from the madder roots and exposed to two types of artificial 
aging （thermal and photooxidative）, before and after the aging experiment. Analyses of the samples were carried out by 
extraction, 30 minutes-sonification at 60 °C followed by evaporation of the solvents in a N 2 -stream. Separation of analytes was 
carried out by gradient reverse phase chromatography on C18-column. Mobile phases were 
water and/or acetonitrile both with 0,1 % of formic acid. ESI in negative mode and HRMS detection using ORBITRAP technology 
were used for the analysis. Monitoring analytes were rubyretric acid （alizarin primeveroside）, alizarin glucoside, alizarin, lucidin 
primeveroside, lucidin glucoside, lucidin, galiosin （pseudopurpurin proveroside）, rubiadin primeveroside, rubiadin, purpurin. 

Conclusions
 During the first phase of colour fading of the analysed textiles the concentration of the aglycone itself （not bonded to the sugar 
moiety） is increasing because of the O-glycosidic bond breakdown （which is the most vulnerable to a fission）. The moment all 
O-glycosidic bonds are completely hydrolysed, aglycone concentrations begin to sink. O-primeverosides first change onto 
O-glykosides of aglycones. The fotooxidation is more destructive then thermal conditions.
 The most stable are O-glycosides and O-primeverosides of alizarin, which at the same time are the most concentrated 
chromophores in madder. Lucidin, rubiadin and pseudopurpurin are more degraded than alizarin. These facts lead to search first 
in historical textile for aglycons of chromophores, these are more stable. 
 The single MS spectra of glycosylated aglycones are always accompanied by typical daugther ions of the aglycones ［M-162,053］ -  
for O-glucosides and ［M-294,095］ -  for O-primeverosides occuring in the ESI ionizator.
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Atmospheric pressure ionisation and ion mobility novel techniques for the 
analysis of the POPs on the Stockholm convention including dioxins
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Novel aspects:
First time data on APGC and dioxins and ion mobility

Abstract:
Within the UNEP program ’Assessment of Existing Capacity and Capacity Building Needs to Analyze POPs in Developing Countries’ 
several activities were undertaken during the period from 2006 to 2010. The program is focused on the development of analytical 
capacity for the POPs under the Stockholm Convention including several pesticides （DDT, chlordane, toxaphene） and industrial 
（by）-products （dioxins, PCBs）. Recently brominated flame retardants （BDE） and an organic fluor compound （PFOS） were 
added to the convention. One of the conclusions of the program was that it is quite a challenge to analyze all POPs in the sample 
types proposed for the global monitoring program （GMP）. This is especially through for countries in developing countries.

Traditionally low resolution GC/MS is used for the analysis of the chlorinated POPs, mostly operating in the EI mode or NCI mode 
for specific compounds including toxaphene and the brominated BDEs. For dioxins high resolution GC/MS systems are often 
required to avoid inferences and to achieve the low LODs needed. One of the difficulties to develop a universal method for the 
Stockholm convention POPs is that different ionization techniques are needed for different POPs. 

Preliminary results show that APGC might be a way forward to the development of a universal detection system based on mass 
spectrometry. Atmospheric pressure ionisation under charge transfer conditions often results in very soft ionisation compared to 
EI or even NCI conditions. For many of the POPs on the Stockholm convention only the molecular ion is formed under these 
conditions. By avoiding fragmentation the sensitivity in the MRM or SIR mode is enhanced. Especially for compounds known to 
show extensive fragmentation （for example Aldrin, Dieldrin） under EI conditions, the results using APGC showed nearly exclusively 
the molecular ion. Sensitivity was tested for dioxins using the APGC ion source with dry N 2  on a Waters Xevo TQ-S in the MRM 
mode. The results were surprising and the sensitivity was comparable with high resolution GC/MS, the standard for dioxin 
analysis. Injection of a 1 /10 dilution of calibration standard CSL （Wellington Labs, Ontario, Canada） of concentration range 10-100 
fg/ul resulted in S/N from 10 to 65.

Another problem of the isomer specific dioxin analysis is the co-elution of non-toxic PCDD/DF congeners with the 17 toxic isomers 
to be analysed according to the TEQ concept. Currently no commercial column available is able to separate all congeners, and 
confirmation analysis has to be performed on a different GC column. Ion mobility might be able to a solution to this problem, by 
separating ’critical’ PCDD or PCDF congeners in an ion mobility cell. Normally only used for larger （bio） molecules recent 
developments have also shown a potential to separate smaller molecules, thus adding an additional MS separation dimension. 
Preliminary results using ion mobility to separate ’critical’ dioxin and furans pairs will be presented.
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Novel aspects:
A direct aqueous injection mixed-mode liquid chromatography/tandem mass spectrometry method was developed and applied 
to a large scale whole ecosystem glyphosate exposure experiment for the first time.

Abstract:
Glyphosate-based herbicides are the most commonly used herbicides in Canadian agriculture and silviculture. However, it is quite 
challenging to monitor glyphosate and its related compounds in the environment due to their high polarity, high water solubility, 
low volatility, and the lack of chromophore and fluorophore in the molecules. Tedious and time-consuming derivatization is often 
required for the analysis. Taking advantage of the multimode （reversed-phase and weak anion-exchange combined） separation 
mechanism offered by the Acclaim WAX- 1  column, a direct aqueous injection （DAI） mixed-mode liquid chromatography/tandem 
mass spectrometry （LC/MS-MS） method was developed for the determination of glyphosate, aminomethylphosphonic acid 
（AMPA） and glufosinate. The analysis was carried out by using an electrospray ionization （ESI） source in negative ionization and 
multiple reaction monitoring （MRM） scan mode. Two MRM channels were monitored for each target compound to achieve 
positive identification. Aqueous environmental samples were directly injected and analyzed in 12 minutes with no sample 
concentration or derivatization steps. Isotope labelled internal standards  13 C,  15 N-glyphosate and  13 C,  15 N-AMPA were used to 
compensate matrix effects during the measurement. The instrument detection limits （IDLs） for glyphosate, AMPA and glufosinate 
were 1, 2  and 0.9 μg/L, respectively.

The method was applied to determine glyphosate residue concentrations for a large scale whole ecosystem experiment designed 
to access potential ecotoxicological effects of glyphosate based herbicides in small wetland systems. Each naturalized small 
wetland was split in half with impermeable plastic barriers so that one side of the wetland would be treated with formulated 
glyphosate herbicides （VisionMax or Roundup WeatherMax） and the other side would serve as untreated control. The herbicide 
formulation was applied at different rates to yield two different aqueous exposure concentrations, one was the relevant level in 
either agriculture environment （210 μg a.e./L） or forestry environment （550 μg a.e./L） and the other was the predicted worst case 
scenario exposure level （2,880 μg a.e./L）. Herbicide treatments were applied to wetlands in replicates （N = 5  or 6 ） either alone 
or in combination with nutrient additions. The concentrations of glyphosate at specific periods after treatments were monitored 
by the LC/MS-MS method for both the treated side and the control side of each wetland. Selected samples were also analyzed by 
another gas chromatography method using nitrogen-phosphorous detection （GC-NPD） after derivativzation of glyphosate and 
AMPA for comparison purpose. The results demonstrated that the novel mixed-mode LC/MS-MS method was effective and 
reliable for the analysis of glyphosate based commercial herbicide formulations in various surface water samples. This method 
would provide a quick, easy and accurate approach for the determination of glyphosate and its related compounds in the 
environment to satisfy the needs for emergency response, water quality monitoring and regulation enforcement.
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Novel aspects:
DAPPI-MS was applied for the first time to ambient atmospheric aerosol samples with possibility of semiquantification using 
tandem mass spectrometry

Abstract:
The Earth’s climate is a highly dynamic and complex system in which aerosols have been increasingly recognized to play a key 
role. Because of the complexity, quantification of the climate effects of aerosols is still uncertain and is a challenging aspect in 
climate research. Qualitative and quantitative information about the compounds in aerosol particles is essential if we are to 
comprehend their role and effects in the atmosphere. To date, numerous analytical techniques, both on-line and off-line, have 
been developed in order to determine size-dependent chemical composition of ambient aerosol particles 1,2 . They all, however, 
have different disadvantages, including complicated sample preparation, which may alter the original chemical composition, low 
time resolution or, e.g. in aerosol mass spectrometry, mixed spectrum of many compounds present in the particle which is difficult 
to interpret. Desorption atmospheric pressure photoionization-mass spectrometry （DAPPI-MS） 3  offers an alternative to the existing 
on-line techniques. DAPPI-MS has been developed for the mass spectrometric analysis of polar and non-polar compounds directly 
from a variety of surfaces. In DAPPI, the analytes are desorbed from the sample surface using heated solvent flow, after which the 
gaseous analytes are ionized via photon initiated gas-phase reactions. In this research, semi-on-line analysis, based on filter 
sampling of all-size ambient aerosols, and DAPPI-MS with consecutive DAPPI-MS 2  was developed. This approach allows the 
verification of structures of compounds found in aerosols by tandem mass spectrometry. The DAPPI-MS system gave linear 
response over the calibration range from 20 to 400 ng applied on filter for over 30 studied compounds （acids, aldehydes and 
amines）. This allowed semiquantitative analysis of the compounds from the filter samples. Since no sample preparation was 
required and since the sampling system can be easily integrated to DAPPI-MS analysis, the method developed herein can be 
considered highly promising in the field of atmospheric research. 
 1 Pratt et al., Mass Spec. Rev. 2012, 31, 17-48
 2 Duarte et al., TrAC 2011, 30, 1659-1671
 3 Haapala et al., Anal. Chem. 2007, 79 （20）, 78677872
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Evaluating multiplex fragmentation and ion mobility separations to 
improve the quality of rapid LCMS peptide mapping analyses for 
biotherapeutic proteins.
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Novel aspects:
Ion mobility gas phase separations and multiplexed fragmentation acquisition improve peptide assignment quality for rapid LCMS 
peptide mapping of biotheraputics.

Abstract:
Introduction
LCMS Peptide mapping is a fundamental technique for defining the primary structure of biotherapeutic proteins. Improvements in 
separations, mass detection, and informatics have reduced acquisitions to an hour, and data processing from days to hours. Such 
assays are invaluable for biotherapeutic characterization and identification of product variants, but lack the throughput required to 
become effective screening tools supporting several early （clone screening, QbD） and late （Formulations, Stability） development 
activities. Modern TOF analyzers have enabled the collection of rapid accurate mass peptide mapping data, but accurate mass 
identifications are ambiguous for some peptide assignments, and constitute insufficient evidence for confident identification of 
new variants. Here, we investigate how multiplexed fragmentation and ion mobility LCMS can provide more confident, rapid map 
assignments. 
Methods
Analytical-scale UPLC-QTof MS methods were developed for rapid （5, 10 min gradient）, and typical （90 min） length peptide maps 
of a biotherapeutic IgG 1  monoclonal antibody. Accurate mass precursor and multiplexed fragmentation data were acquired using 
LCMSE acquisition methodology. For conventional 90 min acquisitions, the precursor/ fragmentation （MS/MSE） duty cycle was 1  
sec, equally divided, reduced to 0.4 sec cycle time during rapid analyses. This enabled sufficient data points across ion peaks to 
facilitate precursor identification and quantification, and establish chromatographic linkage of precursors and their fragments. In 
selected experiments, the integral ion mobility functionality was enabled, permitting additional ion separation prior to the collision 
cell, with other parameters unchanged. Data processing was accomplished with a developmental version of BiopharmaLynx 
software. 
Preliminary Data
Initial results indicate that rapid monoclonal antibody peptide maps using 10 minute gradients are capable of yielding high 
coverage （>90 %） peptide maps with readily interpretable MSE multiplex fragmentation patterns that can be used to validate 
accurate mass assignment of peptides. Multiple cases of peptide coelution （peptides with chromatographic profiles having apex 
elution within 1 / 7 th of a chromatographic peak width at half height） were observable, resulting in the generation of chimeric 
multiplex fragmentation spectra. This chimeracy does not preclude using such ions in a confirmatory role （e.g. a quality metric of 
minimum number or percentage of accurate mass b/y ions to validate an accurate precursor mass assignment）. Parallel studies 
conducted with the ion mobility functionality enabled showed the elimination of fragment ion chimeracy, as the resulting data 
processing required not only that MSE fragment ions share chromatographic retention profiles with their precursor ions, but also 
that they exhibit common ion mobility drift time with those precursors. The 10 min gradient studies indicated that Ion mobility 
improved data clarity, but did not appear to be essential for fragment ion validation of accurate mass assignments. Therefore, we 
have undertaken a second round of antibody peptide map analyses using an even shorter 5  min gradient elution. Results of the 
shorter experiment indicate that coverage was not negatively affected by the shorter gradient, and that coelution/chimeracy 
issues were more prominent. We are currently evaluating the results of the ion mobility enabled analyses at this shorter gradient 
length. Further work is ongoing with both rapid peptide mapping workflows applied to additional biotherapeutics to factor in map 
complexity to these studies, and assess the dynamic range and quantitative reproducibility of the delivered results.
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Novel aspects:
Protein structural differences in the liquid phase can translate into measurable conformational differences apparent in the gas 
phase mobility of protein ions.

Abstract:
Background： A Conformational change of biopharmaceuticals affects pharmacological potency and property of final drug product. 
A new category of mass spectrometer has been developed with capability to fractionate biomolecules in gas phase by size, 
shape, and charge （via an ion mobility separation） prior to MS detection. Ionmobility mass spectrometry （IM-MS）, which has the 
capability to fractionate molecules in a gas phase by size, shape, and charge prior to MS detection, is a useful device to predict 
the conformational change of biomacromolecule. This capability can be exploited by researchers to simplify analysis of complex 
samples, or profile structural hetetogeneities within a protein preparation. This study can show direct application to the analysis 
of protein structural heterogeneity and will provide the strategy of quality analysis of biopharmaceutics.
Methods： A Synapt HDMS system （Waters） was operated in mobility-TOF mode for all analysis. Mass Lynx was used for 
instrument control and data processing. Trastuzumab （Herceptin） and Eternercept （Enbrel） were used as model 
biopharmaceuticals and prepared in phosphate buffer to the right consistency. Etanercept in phosphate buffered saline, pH 7.2, 
was heated at 95 degree from 2  min and 10 min and afterward cooled to 4  degree. Trastuzumab was gradually heated from 60 to 
90 degree over a period of 15 min and then cooled to 4  degree. The bioactivity of Trastuzumab was evaluated with bioassay using 
BT-474 cells. BT-474 cells in exponential growth were seeded on day 1  in 96-well plates at 1  x 10 4  cells per well. They were 
allowed to adhere over night and then treated with non- or heat-treated Trastuzumab at indicated doses. After 5  days of 
incubation, WST- 8  proliferation assay was performed as supplier protocol.
Results： A different mobility shift was detected between the denatured antibody drug and the non-treated sample by IM-MS 
analysis. IM-MS data processing involved the generation of three-dimensional m/z versus drift time versus intensity plot scalled 
Driftgram. Driftgrams of each different denatured condition were different in each samples. Significant differences can be observed 
by comparing the ion mobility data for the 28+ charge state, which is the strongest signal in driftgram. In addition, the extent of 
this shift depended on the denaturating conditions. Furthermore, the bioactivity of Trastuzumab was correlated with the degree of 
change in denaturating conditions. The control sample was shown the cytotoxicity to this cell line, but heat-denatured samples 
were decreased the cytotoxicity. While we have to perform further investigation, conformational study using IM-MS might be 
useful to evaluate the quality check of protein drugs.
Conclusions： Ion mobility separations provide an additional separation dimension that permits resolution of underlying protein 
structural distributions within individual charges states of a protein electrospray mass spectrum. Protein structural differences in 
the liquid phase can translate into measurable conformational differences apparent in the gas phase mobility of protein ions. 
Scientists can use this capability to study the stability, refolding, and underlying structural heterogeneity of biotherapeutic proteins. 
Such structural experiments can be accomplished by MS infusion studies requiring only minutes of data acquisition.
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Novel aspects:
Based on the sequence of the central amyloidogenic domain hydrophobic oligopeptides were used in order to accelerate or 
prevent the aggregation process of the Parkinson`s disease key protein alpha-Synuclein.

Abstract:
Synopsis

The intrinsically disordered protein alpha-Synuclein （αSyn） is known to be implicated in both idiopathic and inherited forms of 
Parkinson´s disease （PD）. The pathological hallmark of sporadic PD is the formation of intracyoplasmic fibrillar deposits in 
dopaminergic neurons （Lewy bodies） in the substantia nigra. The amyloid fibrils are formed by conformational changes from α
-helices to β-sheets. Accordingly, one strategy to overcome the disease would be to find a drug that could stabilize the α-helical 
conformations and/or destabilize the β-sheet conformations of the amyloidogenic protein 1 . The 140 amino-acid αSyn consists of 
three main domains： （i）, an N-terminal region （ 1 -60） containing several imperfect KTKEGV repeats； （ii）, a hydrophobic non-
amyloid component of Alzheimer`s disease （NAC） region （61-95）； and （iii）, a highly negatively charged C-terminal region （96-140）. 
The hydrophobic NAC domain has a critical role for aggregation, especially the hydrophobic amino acid stretch Val71-Val82. 
However, how αSyn is involved in the pathogenesis of neurodegenerative disease is not understood at present. Here we report 
the influence of synthetic hydrophobic oligopeptides, so called β-sheet breaking peptides, on the aggregation process of the 
Parkinson`s key protein αSyn.

Methods

Recombinant expressions of full-length αSyn and αSyn polypeptides were performed using the E. coli expression system BL 21
（DE 3 ） ［pLys］ strain and the T 7  RNA polymerase system. Six different hydrophobic oligopeptides were manually synthesized 
according to Fmoc-strategy on TGR-PHB resins. HPLC purification of αSyn and αSyn peptides were performed with Thermo-3000 
semi preparative system on a Vydac-C 4  column （250x4.6 mm） with a linear gradient （0.1 % trifluoroacetic acid with 0 -80 % 
acetonitrile） at a flow rate of 1  mL/min and the purity was verified by ESI-MS.
Purified αSyn wt, βSyn, oligopeptides or mixture of αSyn or βSyn and oligopeptides were dissolved in 20 mM Na 2 HPO 4  pH 7.5 at 
concentration of 30 µM and incubated at 37°C with agitation for several days. Electrophoretic separations were performed by Tris-
Tricine PAGE with 12-15% on a Mini Protean- 3  cell and stained with Coomassie brilliant blue and/or silver nitrate. 

Preliminary data

Application of IMS-MS to oligomerization-aggregation mixtures of αSyn in vitro recently provided the first identification of specific 
autoproteolytic truncation and degradation products. In particular, a highly aggregating fragment was identified by cleavage 
between Val71 and Thr72 in the central aggregation domain of αSyn 2 . 
The in vitro oligomerization of αSyn was investigated by incubation at 37°C in sodium phosphate buffer （pH 7.5） for up to 25 days. 
The formation of oligomers and αSyn species with molecular weights lower than that of full-length αSyn were observed with 
slowly increasing abundances over two weeks. Comparative in vitro studies of the non-aggregating brain protein, beta-Synuclein 
（βSyn）, which lacks the central amyloidogenic domain （residues 72-83）, showed neither oligomerization-aggregation nor any 
autoproteolytic cleavage within 21 days of incubation. Focused on the sequence of the central amyloidogenic domain and in 
consideration of the fact that proline preclude β-sheet structure we synthesized six hydrophobic oligopeptides in order to 
accelerate or prevent the aggregation process of the Parkinson`s key protein αSyn. The interactions were studied by gel 
electrophoretic separation, immunoblotting, circulardichroism and IMS-MS.



 1  Soto C, Kindy MS, Baumann M, Frangione B. Inhibition of Alzheimer’s amyloidosis by peptides that prevent β-sheet conformation. 
Biochem. Biophys. Res. Commun. 1996；226： 672680.
 2  Vlad et al. Autoproteolytic Fragments are Intermediates in the Oligomerization/
Aggregation of the Parkinson’s Disease Protein Alpha-Synuclein as
Revealed by Ion Mobility Mass Spectrometry. ChemBioChem,2011； 12： 2740-2744
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Novel aspects:
The presence of five different discrete conformers of CA 2  was confirmed by using ion mobility coupled with electrospray 
ionization.

Abstract:
［Introduction］
Ion mobility spectrometry （IMS） coupled with electrospray ionization （ESI） has been recognized as a useful method for the 
analysis of conformation of proteins, because ESI generates gas-phase protein ions reflecting the conformations in solution and 
IMS separates gas-phase protein ions according to different collision cross sections corresponding to shape or conformations even 
at the same m/z values. Here we analyzed IMS driftgrams for a distribution of charge states of the gas-phase carbonic anhydrase 2  
（CA 2 ） ions produced from ESI processes. The driftgram obtained suggested the presence of several different stable 
conformations of CA 2  ions. The conformations of CA 2  in gas-phase and liquid-phase have been discussed on the basis of the ESI 
processes such as 1. charge equilibrium state of CA 2  in buffer solution, 2. charge separation in high electric field, 3. charged 
droplet formation, 4. desolvation, and 5. adiabatic expansion in orifice region. 

 ［Method］
Mass spectra were acquired on a SYNAPT HDMS quadrupole IMS orthogonal acceleration TOF mass spectrometer and MassLynx 
data processor （Waters Corp., Milford, MA）. A protein solution prepared at pH3.6 was infused into the ESI source at a flow rate 
of 20 microL/min. An electrocapillary voltage and sampling cone voltage were 2.8 kV and 30 V, respectively. A source temperature 
and desolvation temperature were 100ºC and 200ºC, respectively. For ion mobility measurement, nitrogen was used as a buffer 
gas, and IMS cell pressure was maintained at 0.5 mbar. The IMS wave velocity was 300 m/s and the wave pulse height was 7.9 V. 
CA 2  was purchased from Sigma （St. Louis, MO）.
 ［Results and discussion］
The positive ion ESI mass spectrum of CA 2  obtained from the solution at a relatively acidic condition of pH3.6 showed a 
distribution of charge states 8 + to 32+, which has a bimodal pattern constituting of 11+ and 17+ corresponding to local maximum 
peaks and a local minimum peak of 15+. The distribution pattern indicating a conformational state of CA 2  suggested the 
presence of both extended and folded conformations in solution. At pH3.6, the resulting highest charge state of 32+ was 
consistence of the number of basic amino acid residues （ 9 Arg, 16Lys, 11His）, so that the conformations of CA 2  ion are 
determined by the combination of protonation on the basic residues. To obtain the information about gas-phase conformations of 
CA 2  ions, the IMS experiments were performed upon all the charge state CA 2  ions from m/z 908.1 （32+） to m/z 3629.4 （ 8 +）. 
The resulting drift time distributions from the charge states 32+ to 26+ showed singlet patterns suggesting the presence of single 
conformation I of CA 2  ion. The peak corresponding to the conformation I was observed from 32+ to 17+. The drift time 
distributions from 25+ to 20+ showed doublet patterns suggesting the presence of different two conformations I and II. The peak 
corresponding to the conformation II was observed from 25+ to 14+. The drift time distributions for 18+ and 17+ showed quartet 
patterns suggesting the presence of four different conformations I, II, III and IV. The conformations, III and IV were observed from 
19+ to 13+, and 18+ to 13+, respectively. The drift time distributions for 12+ and 11+ did not show any splitting patterns but 
broaden peaks, while those for 10+ and 8 + showed singlet sharp peaks suggesting the presence of a folded native conformation 
V of CA 2  ion.

References
1 ） Y. Nabuchi, N. Murao, Y. Asoh and M. Takayama, Anal. Chem., 79, 8342 （2007）.
2 ） Y. Nabuchi, K. Hirose and M. Takayama, Anal. Chem., 82, 8890-8896 （2010）.
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Novel aspects:
First quantification of TIMS accuracy and stability for providing data directly comparable to conventional IMS with nitrogen drift 
gas.

Abstract:
Introduction
Trapped Ion Mobility Spectrometry （TIMS） is a recent addition in the field of mobility selective analyzers. In TIMS, ions are radially 
confined in a quadrupolar ion funnel by RF voltages while axially trapped by the balance of the frictional force in a gas flow and 
the electric force generated by a DC electric field （V tunnel ） that varies as a function of position within the TIMS device. Reducing the 
DC electric field strength over time allows trapped ions to sequentially elute from low to high mobilities. By calibrating a list of 
known reduced mobility （K 0 ） values vs. 1 /V tunnel , K 0  can be determined from V tunnel  and compared directly with results from 
conventional IMS systems. 

Methods
A list of compounds varying in mass, charge, and compound class with known K 0  values was compiled from available literature as 
well as experimentally determined K 0  values acquired using a custom built two meter conventional IMS system with nitrogen drift 
gas. These compounds where then analyzed using a research prototype TIMS-Q-TOF and the K 0  from three different methods of 
calibration compared versus traditional IMS data. In addition the stability of the TIMS device was studied by monitoring the elution 
potential of four peaks of known K 0  over a 10 hour period to determine the stability of the calibration. 

Results:
TIMS analysis of the 622 （CAS NO.： 186817-57- 2 ）, 922 （CAS NO.： 58943-98- 9 ）, 1222 （CAS NO.： 16059-16- 8 ）, and 1522 （CAS NO.： 
3830-74- 8 ） m/z peaks from Agilent low concentration tune mix （G1969-85000） were used to investigate the stability of calibration 
over a ten hour period. A variance of less than 2 % of the value of V tunnel  for a given peak was observed. Data from these calibrants 
were then used to test three approaches for conversion of elution potential to K 0 . In the first approach a simple calibration is 
made from a single run of low concentration tune mix. A linear plot is then fitted of 1 /V tunnel  vs. K 0 . Unknown K 0  values can then 
be determined if pressure, temperature, and gas composition remain fixed. This simple approach also assumes external factors 
such as post TIMS transit times are identical for all ions. While extensive study of post TIMS transit times hasn’t been completed, 
transit times on the order of 10% of the analysis time are typical and are subject to both the mass-to-charge ratio and K 0  of ions. 
To reduce the effect of post TIMS transit times a second approach in which a delay is added into the scan, and calibration carried 
out at five different delay times to allow extrapolation back to zero delay. While this second approach reduces the impact of post 
TIMS times, it unfortunately has the limitation of only being valid for analysis of species over the same scan time and same scan 
voltage range. A third calibration is therefore proposed and being tested in which five different scan rates are used for the 
calibrants and unknowns. By using this approach both the post TIMS times and the effect of variable scan speeds are taken into 
account and should provide a highly accurate calibration method for TIMS analysis.
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Novel aspects:
Formation of extended oligomer structure is drastically enhanced in our mixed peptide system that gives extremely long resulting 
fibrils.

Abstract:
Protein misfolding and aggregation that result in the formation of amyloid fibrils are associated with many diseases, such as 
Alzheimer’s disease and transmissible spongiform encephalophaties. Amyloid fibrils have rigid filamentous structures that are 
several nanometers wide and a few micrometers long and are also formed from a variety of peptides in vitro. Thus, amyloid-
forming peptides have been focused on as potential materials to form functional nanowires used in nanotechnology. 
 We have previously developed a method to control fibrillation to effectively obtain functionalized nanowires using Structure-
Controllable Amyloid Peptides （SCAPs）, wherein various three-amino-acid residue units are attached at the N-termini of amyloid 
peptide. We also found that mixing multiple SCAPs with different units of Lys 3  （K 3 -TTR） and Glu 3 （E 3 -TTR） residues drastically 
enhances the fibrillation and gives extremely long fibrils that are far over 40 µm long. Various functionalized nanowires have been 
successfully prepared through the effective formation of probed fibrils formed from mixed SCAPs. In the current study, we utilized 
the ion-mobility spectrometry-mass spectrometry （IMS-MS） method to characterize the mechanism of mixing SCAPs on the 
fibrillation enhancement. 
 K 3 -TTR, E 3 -TTR and their 1 ： 1  mixture were electrosprayed from acidic aqueous solutions. Ions pass through a drift cell for 
collision with helium buffer gas and their mass-selected collision cross-section are directly measured on a home-built instrument. 
In the mass spectra of K 3 -TTR and E 3 -TTR there were some oligomer peaks up to trimer. On the other hand, the 1 ： 1  mixture 
had multiple oligomeric species up to pentamer. The peak position of the oligomeric species of the mixture was centered 
between those of K 3 -TTR and E 3 -TTR in the high-resolution mass spectra. Therefore, the formation of heterooligomers is more 
favorable than those of the homooligomers. Interestingly, collision cross-section analysis revealed a dramatic structural difference 
between the homo- and hetero-oligomers. The oligomers of the 1 ： 1  mixture dominantly form extended fibrillar structure even 
at the dimer level whilst species with this structure are absent or minor in K 3 -TTR and E 3 -TTR. These results show that mixing 
SCAPs controls the self-assembly ability of soluble peptides to form extended structure, and thus should also influence the 
formation of the extremely long fibrils. 
 In summary, it is suggested that mixing multiple SCAPs controls the structure of resulting fibrils. The length in particular should be 
controlled through altering self-assembly property of the peptide oligomers. Elucidating the relationship between the structures of 
oligomers and resulting fibrils will therefore give an important insight to tailor functionalized fibrillar assembly.
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Novel aspects:
This work addresses the quantification of the internal energy of ions inside TWIG mobility cells on commercial instruments and 
show how this energy evolves with ion mass and physical properties.

Abstract:
Ion mobility spectrometry （IMS） separates ions according to their tridimensional shape in the gas phase. It relies on electric fields 
that drag ions inside a cell filled with gas； the larger are the ions, the greater is the resistance and the longer is their travelling 
time. This technique can be coupled with mass spectrometry （MS） in order to achieve a two-dimensional separation. Currently 
available commercial IMS-MS instruments are based on the travelling wave technology. T-waves involve high electric fields, which 
induce fast ion velocities inside the cell. Based on these properties, Shvartsburg and Smith 1  arose potential ion heating due to 
inelastic collision with the gas. We experimentally proved this point by probing the fragmentation of p-methoxybenzyl 
pyridiniumions on the first-generation SYNAPT spectrometer （Waters, Manchester, UK）. 2  We present new data acquired on the 
SYNAPTG 2  HDMS, and heating value for systems of different mass, size and number of vibrational degrees of freedom.
Experiments were carried out both on a Synapt HDMS and Synapt G 2  HDMS （Waters, Manchester,UK）. The product ion spectra 
（ratio between parent and fragment） and ion mobility spectra of three different benzylpyridinium ions as well as small proteins 
were recorded as a function of the wave height, wave speed, gas pressure, and the nature of the gas （He, N 2 , Ar, CO 2 ）. The 
arrival time distribution of the fragment was deconvoluted to distinguish fragments formed before, inside, or after the mobility cell. 
Matching calculations based on integrated RRKM or Arhénius equations with experiments, we obtained the vibrational internal 
effective temperature T eff,vib  of the parent ion. 
We studied the heating of the p-methoxybenzyl pyridiniumion in both the Synapt G 1  and G 2  for ideal conditions of separation. 
On the Synapt G1, we found a temperature T eff,vib = 555 ± 2  K （wave height = 9  V, wave speed = 600 m/s, p（N 2 ）in IMS = 0.55 
mbar）. On the Synapt G2, the parameters were different because of the mobility cell architecture （wave height = 35 V, wave 
speed = 1000 m/s, p（N 2 ）in IMS = 2.3 mbar） and we found T eff,vib = 700 K. This value lies between those obtained for 
p-chlorobenzylpyridinium （720 K） and p-tertbutylbenzylpyridinium （630 K）. For leucine-enkephalin, we obtained T eff,vib   =420 K, which 
is compatible with the estimation of Merenbloom et al. 3  These results indicate a dependence of T eff,vib   on the ion size. The relevant 
physical parameters could be the ion collision cross section（CCS） and/or the number of vibrational degrees of freedom （DOF）. 
On both instruments, we found a correlation between the ion speed v = KE = K 0 N 0 E/N and the ion temperature： the amount of 
transferred energy increases with ion speed. This translates into an influence of the wave height （WH, influencing the field E） and 
gas pressure （p, influencing the gas number density N）on T eff,vib . The influence of the wave speed （s） on T eff,vib  behaves as if the 
effective electric field E eff  undergone by ions decreases when v becomes higher than KE. Thismeans that it becomes harder for 
ions to keep up with the field changes as they pass from one wave to the next one. 
We found that T eff,vib   could be predicted from the apparent ion drift velocity v d  = L/t d （L is the length of the cell, t d  is the drift time） 
on the SYNAPT G 2  whereas a direct correlation between the drift speed v and T eff,vib  could be established on the SYNAPT G1.
1. Shvartsburg A. and al.. Analytical chemistry80,9689-99 （2008）.
2. Morsa D and al... Analytical chemistry83,5775-82 （2011）.
3. Merenbloom, S.I. and al.Journal of the American Society for Mass Spectrometry23, 553-62（2012）.
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Novel aspects:
Combining high resolving power IMS and orthogonal acceleration sector TOF mass analyzer can allow compactness and better 
ion sampling efficiency for orthogonal accelerator comparing existing reflectron based designs.

Abstract:
Recently developed ion mobility mass spectrometer is discussed. The instrument includes atmosphere pressure ionization ion 
sources, high resolution drift tube ion mobility spectrometer, differential pumping interface and axial sector TOF mass analyzer 
with helical path of ions. Data collection is performed using fast ADC based integrating transient recorder that allows real time 
data collection. 
High resolving power IMS used here was previously described as a part of IMS/MS with triple quadrupole analyzer ［ 1 ］ and an 
instrument with Faraday plate detector ［ 2 ］. Novelty of described approach is based on combining high resolving power IMS and 
orthogonal acceleration sector TOF mass analyzer. Main advantages of mentioned approach are compactness and better ion 
sampling efficiency for orthogonal accelerator comparing existing reflectron based designs.
The instrument was tested in positive ion mode using IMS standards （2,6-di-tert-butylpyridine, tetrapropylammonium iodide, 
tetrapentylammonium iodide, tetraoctylammonium bromide） and antibiotics （amoxicillin, ampicillin, lomefloxacin, ofloxacin）. 
Both methanol and acetonitrile were used as solvents. 
Primary tests has shown that the combination of the IMS and an orthogonal acceleration axial sector time-of-flight mass analyzer 
can allow obtaining 100 mobility resolving power and 2000 mass resolving power. Mobility / mass distribution data collection time 
was varied between 3  and 100 seconds. For mentioned parameters nM and sub-nM range limits of detection were shown for 
studied compounds in electrosprayed liquid samples. 

1. Alexey Sysoev, Alexey Adamov, Jyrki Viidanoja, Raimo A. Ketola, Risto Kostiainen, Tapio Kotiaho, Development of an ion 
mobility spectrometer for use in an atmospheric pressure ionization ion mobility spectrometer / mass spectrometer instrument for 
fast screening analysis, Rapid Commun. Mass Spectrom. 2004, 18, 3131-3139.
2. Alexey Adamov, Timo Mauriala, Victor Teplov, Jaakko Laakia, Christian Schack Pederson, Tapio Kotiaho, Alexey A. Sysoev, 
Characterization of a High Resolution Drift Tube Ion Mobility Spectrometer with a Multi-Ion Source Platform, International Journal 
of Mass Spectrometry, 298, 2010, 24-29.
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Novel aspects:
Energy-resolved ion-mobility tandem mass spectrometry （ER-IMS/MS 2 ） was shown to be a useful tool for characterizing small 
molecules’ ion isomerization and fragmentation in mass spectrometers.

Abstract:
We introduce energy-resolved ion-mobility tandem mass spectrometry （ER-IMS/MS 2 ） as a means to detect structural changes in 
small molecules that may occur in the gas-phase inside mass spectrometers. The ER-IMS/MS 2  approach enabled us to detect 
structural changes （or isomerization） of gas-phase ions prior to and/or in parallel to fragmentation that give m/z changes. A few 
examples have shown that compound specific isomerization is detectable by ER-IMS/MS 2 ； valuable information for structural 
characterization of small molecules can be obtained. 
In the past decade, IMS of mass-resolved ions has become widely recognized and applied as a means to characterize gas-phase 
3 D-structures of a wide range of large biomolecules. On the other hand, unlike many large biomolecules in the native states, ions 
derived from diverse small molecules （<2,000 Da） are not necessary to have well defined stable 3 D structures in the gas-phase. In 
case a certain level of conformational flexibility exists, simple correlation between peaks separated by IMS and isomeric ion 
structures may not be established. 
Tandem mass spectrometry （MS 2 ） has been one of the most powerful and versatile means to probe structure of gas-phase ions 
through fragmentation chemistry. One obvious limitation of MS 2  is, however, its limited ability to detect isomerization of ions in the 
fragmentation process. Traveling-wave ion mobility spectrometry （TWIMS） offers us unique opportunities to looking at not only 
mobility of mass-resolved ions but also fragmentation process of the mass-resolved ions, simultaneously. We took advantage of 
this to develop ER-IMS/MS 2  strategy for characterization of small molecules. By linking structural （shape） change and 
fragmentation chemistry/energetics observed in ER-MS 2  experiments, both isomerization of precursor ions upon collisional 
activation and generation of isomeric product ions can be investigated in conjunction with computational chemistry. 
A Synapt G 2  instrument （Waters, Manchester） was used for all the experiments. Small-molecule samples were introduced into 
the ESI source with infusion mode or LC/MS mode and precursor ions of interest were selected at Q1. Data was acquired with 
“IMS-On“ mode （nitrogen in the IMS device） at various collision energy （CE） settings in the 1 st （pre-IMS） and/or 2 nd （post-
IMS） collision cell, both filled with argon. 
Among the various analytes tested including bioactive natural products and their derivatives, some showed clear signature of CE-
dependent isomerization of precursor ions. Some showed CE-dependent generation of isomeric product ions, as well. For 
example, protonated molecule of erythromycin appeared to pops off one of the sugar moiety with no noticeable structural change 
in the aglycone. The following dehydration reaction appeared to give isomeric product ions. Both CE-dependent isomerization of 
precursor ions and isomer-dependent fragmentation processes were observed in case deprotonated molecule of folic acid was 
selected as the precursor. 
As isomerization of gas-phase ions are structure specific chemistry in general, ER-IMS/MS 2  strategy is a promising tool for MS-
based structural characterization of small organic molecules.
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Novel aspects:
Peptide sequence isomers were separated by Capillary Electrophoresis coupled with Ion Mobility Mass Spectrometer

Abstract:
Sequence inversions are a major class of isomers of proteolytic peptides which are important for protein identification. Using mass 
spectrometry （MS） for separation of the equal mass isomers is limited. Capillary electrophoresis （CE） was proven as high-power 
technique for separation of very close molecules by their size or shape and could be effective for isomer separation from the 
mixtures. Ion mobility separation （IMS） device coupled to mass spectrometer is the powerful tool for detection and separation of 
isomeric peptides. But it is still a problem to separate isomers with the short reversed sections of the overall sequence.
In this study we compared two techniques for separation of three synthetic peptides with the short reversed AVPI sections： 
AVPIGGGAVPIG （Direct-Direct, DD）, AVPIGGGIPVAG （Direct-Reverse, DR） and IPVAGGGIPVAG （Reverse-Reverse, RR）. The 
alanine residues were methylated. In liquid phase the separation was made by CE with the ultraviolet （UV） optical detection. A 
mobility evaluation of ionized isomeric molecules in gas phase was made by IMS with tandem MS （MSMS） detection. The 
experiments with CE-IMS-MSMS instruments connected online were carried out to compare the separation capabilities of these 
techniques.
The CE-UV experiments showed separation of the peptides from mixtures up to 20 % of peak height above the baseline. The 
separation occurred in acidic CE buffers only and increased with the lowering of the pH value. The DD peptide migrated in 
capillary more slowly whereas the DR and RR peptides moved faster and were not separated from each other under all tested 
conditions.
The mobility of the single charged positive ions was measured by IMS-MSMS separately for all peptides. The difference between 
DD and DR was 1.6 %, between DD and RR was 5.9 %, between DR and RR was 4.2 %. The most different DD and RR peptides were 
separated from the mixture by IMS-MSMS at 70 % of peak height above the baseline.
Online combination of the methods showed the overlay of the CE migration time and the IMS mobility parameters measured in 
one experiment with MSMS detection of the separated components.
The difference in ion mobility of the isomers in gas phase as well as in solution depends on their charge state and charge 
distribution that affects on folding. In highly acidic solution the differences in the right part of the sequence cause changes in the 
folding. Whereas the left part of the sequence has greater effect on mobility of single protonated peptides in gas phase.
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Novel aspects:
high sensitive, accurate structure elcidation of comprehensive drug metabolites using nanoLC-LTQ orbitrap, FT ICR MS and AMS to 
solve safety testing of drug metabolites in microdose clinical study

Abstract:
I challenged in high resolution and accuracy measurement of LTQ FT ICR MS during development in Bremen to solve the 
estimated two different fragment pathways of FK228 （Istodax） having same mass but different exact mass and different 
composition of atoms 1 ）. On the base of their composition analysis by FT ICR MS, I could elucidate the structure of in vitro 14 
metabolites and in vivo 8  metabolites of FK228 using SRM datadependent exclusion MSn measurements 2 ）. Challenges to 
elucidate structure of 9  metabolites of Nicardipine for microdose clinical study （MDCS） 3 ） and determine the 12 biomarkers of 
breast cancer by shot gan analysis in combination with their antibody analysis using brest cancer tissues （International Patent） 
and in target proteome analysis of CYP 3 A 4  promoter factors binding their DNA segments （ISSX abstract）, and CYP 3 A 4 -
Raloxifene active metabolites adduct 4 ） were succeeded by two LTQ FT ICR MS in our laboratory. According to safety testing of 
drug metabolites （MIST） guidance, the quantitative and qualitative analysis of comprehensive metabolites of 14C-tolbutamide （TB） 
without standard samples was succeeded by UPLC-RI-LTQ Orbitrap MS 5 ）. MIST items of 14C-TB and 14C-acetoaminophen 6 ） in 
MDCS were conducted by AMS and nanoLC-LTQ Orbitrap that was possible to elucidate the structure of metabolites using MDCS 
samples （urine and plasma） in addition to their quantitative analysis. 

References
1 ） Z. Tozuka et al., LTQ FT MS accurate mass and SRM data dependent exclusion MSn measurements for structure determination 
of FK228 and its metabolites, J Mass Spectrom Soc Jpn. 53 89-99 （2005）, 
2 ） Z. Tozuka et al., Strategy for structural elucidation of drugs and drug metabolites using （MS）n fragmentation in an 
electrospray ion trap, J Mass Spectrom. 38 793-808 （2003）, 
3 ） N. Yamane et al., Microdose clinical trial： Quantitative determination of nicardipine and prediction of metabolites in human 
plasma, Drug Metab Pharmacokinet. 4  （ 4 ） 389-403 （2009）, 
4 ） H. Yukinaga et al., Identification of Cytochrome P450 3 A 4  Modification Site with Reactive Metabolite Using Linear Ion Trap-
Fourier Transform Mass Spectrometry, Chem.Res. Toxicol., 20 （10）, 1373-1378 （2007）, 
5 ） Z. Tozuka et al., Comprehensive Quantitative and Qualitative Liquid Chromatography Radioisotope Mass Spectrometry 
Analysis for Safety Testing of Tolbutamide Metabolites Without Standard Samples, J.Pharmaceu. Scie. 100, 4024-4036 （2011）, 
6 ） Z. Tozuka et al., Microdose Study of 14C-Acetaminophen With Accelerator Mass Spectrometry to Examine Pharmacokinetics of 
Parent Drug and Metabolites in Healthy Subjects, Clin Pharmacol Ther. 88, 824-830 （2010）



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 37: Challenges in High Resolution and High Accuracy Mass Measurement Mass 
Spectrometry

PTh-085
11:10 － 12:20

Silicon speciation in petroleum products using a multi-technical approach 
by Mass Spectrometry for a better understanding of catalyst poisoning

Fabien Chainet2, Jeremie Ponthus1,2, Charles-Philippe Lienemann2, Marion Courtiade2, 
Olivier François X Donard3

1 IFP Energies Nouvelles, 2 IFP Energies Nouvelles, Solaize, France, 3 LCABIE-IPREM, UMR 5254, CNRS UPPA, Pau, France

　
Keywords:
silicon speciation, catalyst poisoining

Novel aspects:
Due to the thermal degradation of PDMS in the presence of hydrocarbons, more than 100 silicon species were highlighted and 
could act as a poison on hydrotreatment catalysts

Abstract:
Silicon speciation is of considerable importance in the oil and gas industry due to the negative effect of its relative species on the 
performance of hydrotreatment catalysts. In petroleum products, silicon mainly comes from the use of antifoaming such as 
polydimethylsiloxanes （PDMS） to avoid emulsions in the different processes such as cokefaction, visbreaking, steamcracking or 
distillation and to enhance the crude oil recovery from the reservoir. PDMS, consisting in a structural unit of （CH 3 ） 2 -Si-O-, has 
excellent properties of low surface tension and initial great thermal stability. Due to the high temperature applied in thermal 
cracking processes, PDMS degrades around 300 °C and mainly generates cyclic siloxanes （D n ） with also many different silicon 
species in petroleum products that can affect the performance of catalysts. 
In the oil and gas industry, the possible reactivity of hydrocarbon radicals with PDMS degradation products, was never reported 
and the chemical nature of these related silicon species must be determined. Up to now, these issues have been well identified 
but only addressed through the total silicon determination. These results have displayed total concentration levels ranging from 
µg.kg -1  of Si up to some mg.kg -1  of Si in petroleum products measured by elemental techniques. Moreover, the complexity of 
petroleum matrices, the wide variety of compounds concerned combined with possible contamination problems occurring during 
silicon analysis has hampered the development of speciation studies.
A very innovative and complete multi-technical approach based on MS techniques was developed and applied to identify and 
quantify silicon species. PDMS degradation samples, produced under thermalcracking of hydrocarbons on a pilot plant and several 
naphtha and gasolines coming from different refining processes were investigated. For low molecular weight silicon compounds, 
gas chromatography （GC） hyphenated to MS in single ion monitoring （SIM） was performed in gasolines. Cyclic siloxanes were 
confirmed as the major degradation products with trace of linear siloxanes. However, suspected unknown silicon compounds 
cannot be detected as their structures and fragmentations patterns remained unknown. To overcome this challenge, FT-ICR/MS 
was performed in positive electrospray mode （ESI） and allowed the characterization by their raw formula of more than 50 new 
silicon compounds with several unsaturations in naphtha and gasoline samples. To obtain a quantification and a structural 
identification of these compounds, GC-ICP/MS providing a specific detection combined to GC-GC/MS addressing the chemical 
structure were carried out both in PDMS degradation samples and in naphtha and gasolines. Finally, MS/MS experiments were 
also carried out to confirm the suspected chemical structures.
More than one hundred silicon species were highlighted in this work. Silicon compounds present in PDMS degradation samples 
and in gasoline were compared and confirmed the correct representativity of the evaluated conditions of PDMS degradation 
samples. The presence of PDMS, intermediate polymers and low molecular weight silicon compounds could explain the 
distribution of silicon amount in the different cuts of petroleum products and probably the poisoning effect on hydrotreatment 
catalysts.
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Keywords:
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Novel aspects:
Quantitative analysis of Bacopaside I by high resolution LC-MS（TOF） method and metabolite identification.

Abstract:
*Corresponding author

Introduction

Bacopa monnieri (L.) Wettst. （Brahmi） is an Ayurvedic medicine plant used for centuries as a memory enhancer. There have been 
several studies on biological effects of this plant for a therapeutic potential in treatment and prevention of neurological diseases 
and improvement of cognitive processes. Bacopaside I （C 46 H 74 O 20 S）, a dammarane-type triterpenoid saponin, is one of the main 
active components of the plant and, therefore, it has been produced and used in biological and therapeutic studies. Various 
analytical method such as HPTLC, ELISA and HPLC methods were used to determine bacopasides I and other active components 
in the plant extracts as well as biological samples. However, so far LC/MS method for quantitative analysis of Bacopaside I in 
biological samples has not been reported. We report for the first time the development and validation of a high sensitivity LC-MS 
（TOF） method, aiming for pharmacokinetic study of bacopasides I and identification of its metabolites produced in vitro and in 
vivo.

Experimental 
Rat urine and feces were used as the biological matrix for method development and validation of bacopaside I quantitative 
analysis. Liquid-liquid extraction method was employed in sample extraction and purification. The LC-MS method used is based on 
high resolution TOF which is suitable for both quantitative analysis of Bacopaside I in biological samples and qualitative analysis 
to identify any metabolites formed. An LCMS-IT-TOF （Shimadzu Corporation, Japan） has been used in this study 

Results and Discussion
This study was carried out in three stages, development and optimization of a high resolution LC/MS （TOF） method, validation 
trials and identification of metabolites of bacopaside I from various in vitro hydrolysis samples using a MetID Solution program. A 
gradient elution method using a Kinetex C18 column （1.7 um, 50 mmL x 2.1mmID） was developed and optimized. It was found that 
both target compounds （Bacopaside I and an internal standard, Digitoxin） showed very strong mass peaks （m/z 977.4387 and 
763.4243） in negative ESI mode. A high resolution MS and MS/MS method were established to obtain best sensitivity and highest 
reliability of analysis. 



The performance of the method has been evaluated systemically using extract samples prepared from rat urine and feces. The 
linearity （r 2 ） was 0.9985 for a range of from 4.8 ng/mL to 380 ng/mL. The specificity and matrix effect were studied and it was 
found that the method specificity was highly reliable due to the use of accurate mass （target m/z +/- 50 ppm） on the high 
resolution TOF mass spectrometer. Matrix effect was not obvious under the LC/MS condition. The LOQ of the method was lower 
than 4.8 ng/mL. The reproducibility at this concentration level （spiked into urine） was 8.7 % （RSD of concentration, n= 6 ）. The 
recoveries of bacopaside I spiked into urine were 91.1 % and 107.1 % for three concentration levels （50, 80 and 100 ng/mL）. 
However, the recovery of feces extract samples was found lower than that of urine samples at 40~70%. Further study to improve 
the recovery of bacopaside I in feces samples is undergoing. The method has been applied to in vitro hydrolysis samples. Some 
metabolites were found from the acid hydrolysis samples by using MetID solution program, which is based on an editable 
biotransformation database. 

Conclusions
A high resolution LC-TOF method for quantitative analysis of bacopaside I in biological samples has been established on LCMS-IT-
TOF. The method can be used for pharmacokinetics study and it is also capable of identification of metabolites of bacopaside I by 
using a MetID soution
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Characterization of Humic and Fulvic acid fractions separated by size 
exclusion chromatography and application of 15T FT-ICR MS
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Keywords:
Humic and Fulvic acids, Size Exclusion Chromatography （SEC）, FT-ICR MS

Novel aspects:
Humic and fulvic acid fractions separated by SEC was analyzed with 15T FT-ICR MS and this is the first study that humic and fulvic 
acid fractions were examined in Korea.

Abstract:
Understanding the characterization of molecular level of humic and fulvic acid, which has enormous complexity and high 
molecular weights, is still very difficult in spite of the application of high resolution mass spectrometry or various ionization 
techniques. For this reason, separation techniques, such as size exclusion chromatography （SEC） or capillary electrophoresis （CE）, 
and ultra high resolution mass spectrometry （FT-ICR MS） have been attempted to the characterization of humic and fulvic 
compounds in many studies. In spite of their important physicochemical properties, however, they were not completely 
characterized at molecular level due to the tremendous complexity of their structures. In this study, humic substances including 
humic and fulvic acid were separated by size exclusion chromatography （SEC） and analyzed with negative ion mode electrospray 
ionization （ESI） ultrahigh resolution mass spectrometry （15T FT-ICR MS）. Suwannee river humic acid （SRHA） and fulvic acid （SRFA） 
standards obtained from IHSS （International Humic Substance Society） were used for molecular weight distributions. In order to 
better interpretation of mass spectra, humic and fulvic acid unfractionated were also analyzed. Size exclusion chromatography has 
been widely used as separation technique, but 15T FT-CR MS is not common as conventional high mass spectrometry.
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Novel aspects:
We newly discussed field evaporation dependence on the crystallographic orientation of the sample surface for improving three-
dimensional atom probe tomography.

Abstract:
Understanding of relationship between material property and microstructure is one of the main topics of materials science. For 
achievement of this challenge, knowledge of materials structure is required at the sub-nm scale. Historically, spatial resolution of 
available microstructural analysis techniques was insufficient for elucidation of the role of materials elements to materials 
properties. More recently, however, the spatial resolution limits have been amazingly improved by the advent of microstructural 
analysis techniques such as three-dimensional atom probe （ 3 DAP）.
 3 DAP is a field ionization microscope equipped with a time-of-flight mass spectrometer （TOF-MS） and a position-sensitive 
detector （PSD）. The samples used in 3 DAP are usually shaped into sharp needle geometry whose tip radii are approximately 100 
nm. In 3 DAP, when strong electric field is applied to the tip of a sharp needle sample by high standing voltage （DC） and a voltage 
pulse or a laser pulse, the atom which has the smallest number of nearest neighbor atoms ionizes in sequence. Then, the positive 
ion is removed from the surface of specimen and travels to a PSD accelerated by the electric field. This ionization is called field 
evaporation. The elemental identity of the ion is determined with a TOF-MS. The lateral position of each atom in the sample is 
determined from the position arrived on a PSD. The depth coordinate from the tip of the sharp needle sample is determined from 
the position in the field evaporation sequence. A sub-nm scale three-dimensional image of the specimen is reconstructed from 
these data in the virtual space by the computer algorithm.
 In order to improve analysis accuracy of 3 DAP tomography, knowledge about influential factor affecting field evaporation is 
needed. In this study, we noted the effect of crystal structure on field evaporation. As samples, Tungsten （W）, which had body-
centered cubic lattice, was used. W needles with different crystallographic orientations were analyzed by 3 DAP. In the case of 
the sample with ［110］ orientation, field evaporated ions were mostly W 3+  and W 4+ . On the other hand, in the case of the ［100］ 
sample, field evaporated ions were mostly W 3+ , W 4+  and W 5+ . It was revealed that field evaporated ions are dependent on the 
crystallographic orientation of the sample surface. In addition, it was found that the accuracy of 3 DAP tomography was also 
dependent on the crystallographic orientation of the sample surface. In the atomic scale three-dimensional image of the ［110］ 
sample, crystal planes could be observed regardless of depth. On the other hand, in the atomic scale three-dimensional image of 
the ［100］ sample, crystal planes could be observed only at the surface.
 These two facts, both field evaporated ions and 3 DAP tomography accuracy were dependent on the crystallographic orientation, 
were very interesting. By considering the relationship between these two facts, we will discuss how the crystallographic 
orientation of sample surface affects the field evaporation mechanism in 3 DAP.
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Novel aspects:
This study highlighted potential superiority of using ultrahigh-resolution mass spectrometry and additional constraint rules for 
identifying unique correct elemental composition independent of standard compounds.

Abstract:
Background
Identifying metabolites with mass spectrometric data requires comparisons with spectral databases or reference standard spectra, 
despite the fact that a large proportion of biological metabolites are not commercially available. Thus, a metabolite identification 
method independent of standard compounds is indispensable technique for metabolomics. 
Fourier transform-ion cyclotron resonance-mass spectrometry （FT-ICR-MS） has high mass accuracy and ultrahigh mass resolving 
power. Previously, we demonstrated the possibility of determining the elemental composition of metabolites using the peak area 
ratio of  13 C,  15 N,  18 O, and  34 S isotopic fine structure observed by FT-ICR-MS independent of standard compounds. In this study, we 
represented an algorithm to calculate elemental composition from mass spectrometric data automatically. Then, we validated the 
algorithm through simulations using in silico-generated 20,258 mass spectra to understand the effect of error size of isotopic peaks 
on elemental compositions obtained via the algorithm.
Results
To prepare in silico mass spectra of metabolites, molecular formula of metabolites was needed. First, 20,258 kinds of different 
elemental compositions comprising only C, H, O, N, P and S elements were selected from the original dataset including molecular 
weight and molecular formula of metabolites downloaded from http：//www.metabolome.jp/. To replicate mass spectrum of FT-
ICR-MS in silico, theoretical mass and theoretical area ratio of isotopic peaks to monoisotopic peak were re-calculated for each 
entry. Theoretical monoisotopic masses were treated with 0.1 - 1  ppm random error to replicate the measured mass accuracy of 
FT-ICR-MS. Theoretical relative isotopic area was replicated by an opposite procedure of estimating the number of element. Then, 
random errors were added to relative isotopic areas with varying maximum errors from +10% to -25%. To compensate the random 
errors in isotopic area, estimated numbers for each element are enlarged by ±25 % safety factor, thereby generating ranged 
numbers of element. In the simulation of determining elemental composition, deprotonated peak （［M-H］ - ） was taken into 
consideration for the negative ion mode, and proton- and alkali metal-adducted peaks （［M+H］ + , ［M+Na］ + , ［M+K］ + ） for the 
positive ion mode. Simulations were performed for 100 times to average number of estimated elemental compositions.
Since isotopic area is fluctuant because of the space charge, the relationship between isotopic area error and the number of 
estimated elemental composition was investigated. Both in the simulation of negative and positive ion modes, the percentage of 
metabolites identified as a unique correct elemental composition was decreased from 61 % to 45 % and from 58 % to 38 % with 
diminishing maximum area error from +10% to -25%, respectively. Thus, approximately 50% of 20,258 metabolites were generated 
more than 2  candidates. These results indicated that using  13 C,  15 N,  18 O and  34 S isotopic fine structure is insufficient for limiting 
elemental composition as few as possible. To expand the percentage of metabolites identified as unique correct elemental 
composition, we added another constraint rules to the algorithm. First, since we found that either C 4  （48） or H 3 NP （48.00031） was 
replaced with a complement one between a correct elemental composition and incorrect ones, we used oxygen/phosphor ratio 
（O/P ratio） to remove such incorrect candidates. The O/P ratio in KEGG compounds was investigated thoroughly； thereby the 
O/P ratio was elucidated as greater than 2. By applying the O/P ratio, the percentage of metabolites led unique correct elemental 
compositions was increased to 60 % . Moreover, the valence check rule introduced by T. Kind and O. Fiehn （2007） was also 
effectively increased the percentage of metabolites obtained unique correct candidate up to 90%.
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Novel aspects:
By using the advanced instrument such as Orbitrap mass spectrometer for accurate mass and high-resolution measurement, one 
can expect for simplified procedures, reduced analysis times and increased confidence in results.

Abstract:
Wedelia trilobata, categorized in the Heliantheae tribe of the Asteraceae family, is a plant widespread in subtropical countries 
such as Brazil, India, Burma, Ceylon, China and Japan. This kind of herbal plants has been reported in traditional Chinese medicine 
to show anti-inflammatory properties and used as a detoxifying agent for liver protection from toxicity. To fully understand the 
active compounds and their functionality mechanisms, systematic analyses are in need to provide more scientific evidence. In this 
study, we attempted to analyze the components in the ethanolic extract of the Wedelia trilobata flowers using liquid 
chromatography coupled with electrospray ionization/Orbitrap mass spectrometry （LC-Orbitrap-MS）, which is recently developed 
for accurate mass and high-resolution measurement. By using this advanced instrument, simplified procedures can be expected, 
as well as reduced analysis times and increased confidence in results for challenging analysis such as low level components in 
complex mixtures. In the meantime, we also assessed the antioxidant activity in terms of DPPH （2,2-diphenyl- 1 -picrylhydrazyl） 
scavenging capacity and the total phenolic and flavonoid contents of the extract using spectrophotometric methods. Our MS 
results suggest that the ethanolic extract may contain some phenolic compounds such as luteolin and quercetin and the phenolic 
gulcosidic conjugates. On the other hand, the results of antioxidant activity show that the extract at a concentration of 20 μg/mL 
could scavenge 50% DPPH radicals, while that for the concentration of the luteolin standard solution was 6.0 μg/mL. One milligram 
of the extract was found to have total phenolic compounds of 96.2 μg gallic acid equivalents and total flavonoids of 24.5 μg 
quercetin equivalents.
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Novel aspects:
Proper selection of the buffer gas pressure is relevant for the mass range covered by cluster ion peaks of intensities useful for 
mass calibration on certain hybrid FT-ICR instruments.

Abstract:
Introduction
Cluster ions are quite useful to establish mass calibration of instruments equipped with desorption/ionization sources over a wide 
m/z range. In our laboratory, we are routinely using the abundant ［arginine n +H］ +  and ［arginine n H］ -  cluster ions ［1,2］ for external 
mass calibration in positive-ion and negative-ion ESI mode, respectively. Likewise, ［Cs n I n-1 ］ +  and ［Cs n-1 I n ］ -  cluster ions can be used 
for calibration purposes in MALDI operation. The caesium salt cluster ions are generated from caesium triiodide, CsI 3 , in 2 -［（ 2 E）
- 3 -（ 4 -tert-butylphenyl）- 2 -methylprop- 2 -enylidene］malonitrile （DCTB） matrix ［ 3 ］. 
In hybrid quadrupole Fourier transform ion cyclotron resonance （FT-ICR） mass spectrometers, however, multiple ion-guiding and 
ion-trapping events occur prior to mass analysis. During a recent implementation of a liquid injection field desorption/ionization 
（LIFDI） ion source on this instrument, the enormous relevance of the type and pressure of the buffer gas collisions in the 
instrument’s accumulation RF-hexapole ion trap were recognized, because the selection of these settings was decisive for the 
detection of the easy-to-fragment molecular ions of hydrocarbon species ［ 4 ］. Thus, we studied the effect of argon versus helium 
buffer gas and their pressure on cluster ion distributions intended for mass calibration in ESI and MALDI modes.

Experimental
The experiments were performed on a Bruker Apex-Qe FT-ICR mass spectrometer （Bruker Daltonik GmbH, Bremen, Germany） 
equipped with a 9.4 T superconducting magnet. The analyzer of this instrument is a quadrupole-ICR hybrid comprising a RF-only 
hexapole （h 1 ）, a selection RF/DC quadrupole （Q）, a second RF-only hexapole （h 2 ）, and a high voltage ion transfer flight tube 
to bring ions from h 2  through the magnetic field gradient into the ICR cell. Typically, h 2  is used for ion accumulation prior to ICR 
analysis. In tandem MS mode, h 2  is also employed for collision-induced dissociation （CID） and subsequent accumulation of the 
resulting fragment ions.
Ions were accumulated in the collision hexapole for 0.1 to 0.2 s and then transferred into the ICR cell. The standard buffer gas 
argon and the lighter alternative helium were admitted to h 2  at various pressures. Ions were excited and detected using standard 
settings as established in ESI and MALDI mode. Data acquisition was performed in broadband mode with 512k to 1  M data points. 
Typically, 32 to 64 transients were accumulated for one magnitude mode spectrum. External mass calibration was performed on 
the cluster ions. The instrument was controlled by the Bruker ApexControl software （V 3.0.0） and data analysis was performed 
using the Bruker DataAnalysis software （V.4.0）.

Results and Discussion
Argon buffer gas served better for cluster ion thermalization in h 2  than helium, a trend that is opposed to expectations derived 
from previous LIFDI experiments. The pressure of buffer gas is more relevant for the cluster ion distribution, in particular for 
［Cs n I n1 ］ +  and ［Cs n1 I n ］ cluster ions. Abundances of cluster ions of intermediate m/z of about 1500 to 3000 were increased upon 
raising the buffer gas flow to the maximum （2.0 l/s） while high-mass clusters beyond m/z 5000 benefited from medium gas flow （1.0 
l/s） into h2. Thus, proper selection of the buffer gas pressure is relevant for the mass range covered by cluster ion peaks of 
intensities that are useful for calibration.
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Novel aspects:
Proteolysis of GIP by Asp-N endopeptidase, not trypsin, is useful for a stable simultaneous quantification of GIP 1 -42 and GIP 3 -42 
in human plasma using LC-MS/MS/MS.

Abstract:
[Purpose]
Glucose-dependent insulinotropic polypeptide （GIP） is a 42-amino acid peptide hormone released from duodenal K-cells after the 
absorption of glucose or fat. Similar to its structurally related peptide glucagon-like peptide- 1  （GLP- 1 ）, which is released from 
intestinal L-cells, GIP is considered to be an incretin hormone. In addition to its incretin effect, GIP is considered to increase the 
activity of lipoprotein lipase （LPL）, which is a key enzyme of lipid metabolism, as well as to promote the glucose absorption of 
adipose cells in the presence of insulin； it is also associated with bone metabolism. However, some in vivo roles of GIP are still 
unknown. Therefore, the quantitative evaluation of GIP secretion and active GIP levels is important. Active GIP 1-42  as well as GLP- 1  
is degraded rapidly by dipeptidyl peptidase- 4  （DPP- 4 ） to yield GIP 3-42 , which is inactive. Therefore, the concentration of active 
GIP 1-42  in peripheral plasma is very low. 
Current methodologies used for peptide and protein quantification include immunoassays and mass spectrometric techniques. 
Immunoassays, though sensitive, lack the necessary selectivity for recognizing the distinction between peptides, their recombinant 
forms, metabolites, and posttranslational products. In many cases, suitable antibodies for each protein analyte may not be 
available. Suitable antibodies for active GIP 1-42  are more unlikely to be obtained. Additionally, it is noted that the plasma GLP- 1  
levels measured using different immunoassay kits are not consistent. The pretreatment of plasma samples is reported to be 
important. To this end, analysis by liquid chromatography-mass spectrometry （LC-MS） is useful. Although there have been several 
reports about the quantification of GIP using LC-MS （/MS）, there is no report on the sensitive quantification of GIP 1-42  and GIP 3-42  
in a clinical trial using only small volume of plasma. In this study, we used an LC-MS/MS/MS approach for the simultaneous 
absolute quantification of GIP 1-42  and GIP 3-42  in human plasma. 
[Method]
Synthetic standard GIP peptides were spiked into charcoal stripped human plasma. Stable isotope （15N/13C）-labeled GIP 1-42  and 
GIP 3-42  were used as internal standards. Peptide fragments of GIP 1-8  and GIP 3-8  obtained by digestion using Asp-N endopeptidase 
were selected as analytes. Since both the fragmented peptides did not contain methionine, which is oxidized easily, the sample 
stability during and after extraction was expected to be good. Protein precipitation （PP） was performed during sample 
pretreatment before the digestion, and solid phase extraction （SPE） was performed after the digestion. Samples were injected 
onto a capillary column （C18； 150 mm x 75 µm I.D.）, and GIP 1-8 , GIP 3-8 , and internal standard peptides were detected by hybrid 
triple quadrupole/linear ion trap mass spectrometry （QqQ/LIT-MS） operated in positive electrospray ionization mode. 
 [Results and Discussion]
The lower limit of quantification （LLOQ） of the reported method was 1  pM for GIP 1-42  and 10 pM for GIP 3-42  using 200 µL of human 
plasma, which were similar to the LLOQ of the GIP obtained by an immunoassay. The accuracy and precision values indicated 
good reliability of the analytical method. We applied this method to a clinical trial for diabetic subjects treated with DPP- 4  and 
alpha-glucosidase inhibitors. Our results suggested that the described methodology successfully determined the efficacy of DPP- 4  
inhibitor alone, alpha-glucosidase inhibitor alone, and in combination, based on the plasma levels of GIP 1-42  and GIP 3-42 .
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Novel aspects:
Demonstration of the metabolomic analysis of saliva and the comparison of the metabolites between autism spectrum disorders 
and controls based on the liquid chromatography/mass spectrometry （LC/MS）

Abstract:
Objectives:
Elucidation of autism spectrum disorders based on the metabolomic analysis of biological substrates in saliva.
Development of liquid chromatography/mass spectrometric analytical methods for the metabolites in saliva using a reversed-
phase separation mode and an electrospray ionization mode.
Investigation of comparison of the concentrations of metabolites between the autism spectrum disorders and controls.

Autism spectrum disorders (ASD) are a behaviorally defined group of neurodevelopment disorders characterized by impairments 
in social interaction and communication, and repetitive, overly focused behaviors. While the syndrome has been shown to be 
highly heritable, various theories have been presented suggesting both genetic and environmental factors, such as dietary or 
chemical exposures. Analytical chemical investigation of autism spectrum disorders based on liquid chromatography/mass 
spectrometric method has been proceeded. Our interests were targeted to the concentration of biological metabolites in saliva 
of autism spectrum disorders. In the present study we demonstrated the metabolomic analysis of saliva and the investigation of 
comparison of the metabolites between autism spectrum disorders and controls using a reversed-phase separation mode and 
an electrospray ionization mode of the liquid chromatography/mass spectrometry (LC/MS).
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Novel aspects:
Multiparametric MS data analysis of a proteome signature for IUGR describes deglycosylated Apo C-III derivatives as key markers 
for the first time

Abstract:
Intrauterine Growth Restriction（IUGR） affects about 3  to 8 % of all pregnancies. It is defined as a condition in that the fetus does 
not reach its genetically given growth potential, resulting in low birth weight. IUGR is an important cause of perinatal morbidity 
and mortality, thus contributing substantially to medically indicated preterm birth. The pathogenesis of IUGR still remains unclear. 
Analysis of complex gestation-related patho-physiological conditions like IUGR requires methods that can cope with the 
complexity of the samples. We here describe mass spectrometric profiling of umbilical cord blood serum proteins to identify 
disease-related protein alterations with impact in diagnostics and even prognostics of gestation-associated diseases.
Cord blood samples from 30 newborns （15 from normal pregnancies and 15 from IUGR cases） were taken post-natally from the 
umbilical cord vein. Serum was prepared using standardized protocols. Samples were processed using affinity-beads. After elution, 
protein solutions were spotted directly onto stainless steel MALDI targets and mixed with ferulic acid, each in duplicate. Protein 
mixtures were analyzed with a Reflex III MALDI ToF mass spectrometer equipped with the SCOUT source and delayed extraction 
in linear positive ion mode, using an acceleration voltage of 20 kV. Spectra were recorded in a mass range from 4 -25 kDa, 
accumulating 900 shots per spectrum. Spectra evaluation was performed with the ClinProTools 2.2 software and in-house 
biostatistic analysis tools.
Protein mixtures of cord blood samples were subjected to affinity fractionation in order to remove highly abundant proteins. After 
affintiy enrichment, MALDI mass spectra showed on average more than 60 protein ion signals between m/z 4000 and 25,000. The six 
best differentiating ion signals were at m/z 8205, 8766, 13,945, 15,129, 15,308, and 16,001, forming a proteome signature with which we 
were able to distinguish between IUGR and inconspicuous controls. Of note, apolipoprotein C-III 0  （m/z 8766, lacking glycosylation） 
was found more abundant in the IUGR samples, irrespective of gestational age, whereas other apo C-III forms with different 
glycosylation structures were not. Apo C-III is involved in triglyceride metabolism, which itself is discussed to be of importance in 
IUGR pathogenesis.
To assign ion signals to specific proteins, samples were subjected to SDS PAGE followed by PMF. We identified apolipoprotein 
C-III together with other apolipoproteins （apo A-I, A-IV）, fetuin A, and others. Identification of apo C-III was confirmed by MS/MS 
analysis. The MS/MS spectrum of the precursor ion at m/z 1196.61 showed a characteristic fragmention signal at m/z 638.37 from a 
D-G cleavage, together with other specific fragment ion signals, confirming the presence of the amino acid sequence 41-51from 
apolipoprotein C-III. 
Furthermore, apo C-III concentrations in serum were measured by ELISA and show that protein abundance differences between 
IUGR and control cord blood samples can be determined reliably using an affinity-enrichment procedure combined with MALDIMS 
profiling. Mass spectrometry-based multiparametric analysis of cord blood samples is capable of differentiating individual samples 
from the IUGR group from those of the control group with high confidence.
In conclusion, we suggest （i） apolipoprotein C-III 0  as a key-marker of the IUGR proteome signature, and, that （ii） subtle alterations 
in glycosylation need to be considered for understanding the pathomechanisms in IUGR.
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Automated Analysis of 25-hydroxyvitamin D2 and D3 with APCI-MS/MS 
Coupled with ZIVAK ONH-200BD Sample Preparation System
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Keywords:
25-hydroxyvitamin-D3, 25-hydroxyvitamin-D2, automated sample preparation, tandem mass, Zivak

Novel aspects:
The first automated MS analysis of 25-hydroxyvitamin D 2  and D 3  was made with ZIVAK ONH-200BD automated sample 
preparation system without any human control for reducing user errors.

Abstract:
Introduction

The measurement of serum concentrations of 25-hydroxy vitamin D 2  and D 3  is the most accurate way to determine vitamin D 
status in human body. 25-hydroxy metabolites of vitamin D, plays a critical role in controlling calcium and phosphate levels in the 
body. Quantitation of these metabolites is very important because of their clinical significance in variety of disorders like many 
chronic conditions and latency diseases, osteomalacia and rickets disease in children. 

Because of their importance, analysis methods of 25-hydroxy metabolites must be reliable and sensitive. The conventional 
methods based on HPLC-UV has disadvantages for sensitivity, specificity and analysis time. On the other hand, the methods based 
on immunoassay has some specifity problems. As a result of these conditions, interest in LC-MS/MS methods growing during 
recent years. 

Methods

A reliable, rapid and sensitive LC-MS/MS method with automated sample preparation system for analysis of 25-hydroxy 
metabolites was developed. Standarts, calibrators, controls and reagents of ZIVAK 25-hydroxyvitamin D 2 -D 3  LC-MS/MS Analysis 
Kit kindly provided by ZIVAK Technologies, Turkey. All sample preparation steps below was made by ZIVAK ONH-200BD 
automated sample preparation system without any human control for reducing user errors in sample preparation. 

500 ul of serum samples pipetted into sample preparation vials. 400 ul of Reagent 1  including salt solution in appropriate 
concentration added and mixed serially by vortex unit of sample preparation system. Then, 400 uL of deuterated 25-hydroxyvitamin 
D 3  internal standard mixture in organic solvent added mixed serially by vortex unit of sample preparation system. After 
centrifugation at 5.000 rpm for 5 min, 50 ul of upper phase injected to LC-MS/MS system. Deionized water and methanol with 0,1% 
formic acid were used as mobile phases for gradient elution. 50x4.6 mm reversed-phase HPLC column used for chromatographic 
separation. Analysis run time was 6  minutes. Confirmation and quantification ions for all analytes and internal standards 
determined in APCI（+） scan mode. ZIVAK TANDEM GOLD LC-MS/MS system used for analysis. 

Preliminary Data

Recovery for analytes were between 97%-105%. Linearity from 2,5 to 400 ug/L for both analyte. Correlation coefficients were 0,9989 
and 0,9995 for 25-hydroxyvitamnin D 2  and D 3  respectively. Limit of detection for 25-hydroxyvitamin D 2  was determined as 1 ug/L 
while limit of detections for 25-hydroxyvitamin D 3  was 0.8 ug/L. Coefficients of variability values for 25-hydroxyvitamin D 2  and D 3  
were 2,4 and 2,7% for intra-assay and 3,4-3,6% for inter-assay. No interferences was found for these analytes. 

The NIST SRM 2972 sample was measured with this automated system and the results were found in median range for both 
analyte.
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A LC/MS/MS Method Enables Simultaneous Detection of Diagnostic 
Biomarkers of Alkaptonuria, Ornithine Carbamoyltransferase Deficiency 
and Neuroblastoma Disease
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Novel aspects:
Creatinine and the metabolites in urine from patients with alkaptonuria, OCTD, or neuroblastoma were quantified in one-run using 
LC/MS/MS. The level of creatinine was to normalize the urine sample differences.

Abstract:
In this study, a liquid chromatography-tandem mass spectrometry （LC/MS/MS） method was developed for simultaneous 
quantification of diagnostic markers of neuroblastoma, ornithine carbamoyltransferase deficiency, and alkaptonuria in urine, 
namely homovanillic acid （HVA）/vanillylmandelic acid （VMA）, orotic acid （OA）, and homogentisic acid （HGA）. After sample 
preparation, which involved only the dilution procedure, samples were quantified by LC/MS/MS. Full-scan MS/MS mode enabled 
the urinary markers to be quantified with a high degree of specificity and sensitivity. Rather than using a separate enzymatic 
method to normalize the concentration of creatinine in urine, we quantified the level of creatinine in urine in one LC/MS run. The 
limits of detection were 10 µg L -1  for HGA, 25 µg L -1  for HVA/VMA, and 50 µg L -1  for OA with a single-to-noise ratio of 3 ； the limits 
of quantification were 50 µg L -1  for HVA and HGA, 100 µg L -1  for VMA, and 250 µg L -1  for OA. Multiple calibration curves exhibited 
consistent linearity and reproducibility. The linear dynamic range of quantification of the analytes covered 2  to 3  orders of 
magnitude, depending on the analyte. The relative standard deviation of the developed LC/MS/MS method was less than 4 % for 
the intra-day validation and 10% for the inter-day validation. The results show that our LC/MS/MS technique is a highly sensitive 
and rapid method for screening for urine biomarkers that are diagnostic of three rare metabolic diseases.
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Development of a high sensitive quantitation method for serum C-peptide 
by isotope-dilution mass spectrometry
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Novel aspects:
We first established the precise measuremt of low concentration of serum C-peptide by mass spectrometry using combination of 
chemical modification and immunoaffinity purification.

Abstract:
Introduction
Human C-peptide is a 31-mer peptide which is secreted into the blood from beta-cell in the pancreas where pro-insulin is cleaved 
into insulin and C-peptide during post-translational processing. Human C-peptide concentrations in blood plasma （reference 
interval 0.5-10.0 ng/mL） reflect the level of beta-cell function associated with insulin resistance, and indicate insulin secretory 
failure. Measuring C-peptide concentration in plasma provides a guide for therapy in diabetes. Because the quantitation of plasma 
C-peptide has been performed by an immunochemical technique, the accuracy strongly depends on that of the standard material. 
To establish a precise quantitation technique for blood C-peptide covering the range of the reference interval, we have developed 
chemical modification and immunoaffinity purification technique for the determination of serum C-peptide by isotope-dilution 
mass spectrometry.

Experiment
Two concentrations of serum sample were prepared by adding the certified reference material of C-peptide （NMIJ CRM 6901-a） to 
human serum to be 0.3 and 10 ng/mL. The isotopically labeled C-peptide, D 8 -Val 2 -C-peptide was used for the internal standard. A 
solid phase extraction was performed using Oasis HLB and MCX （Waters）, and a immunoaffinity capture was performed using a 
Magnosphere immobilized magnetic beads （JSR） with an anti-C-peptide antibody. AQC （ 6 -Aminoquinolyl-N-hydroxysuccinimidyl 
carbamate） reagent was used for N-terminal modification of the peptide. An LC-MS/MS analysis was conducted by Prominence 
20A HPLC （Shimadzu） with a reversed-phase C18 column and a TSQ Quantum Discovery tandem quadrupole mass spectrometer 
（Thermofisher Scientific） equipped with electrospray ion source in selected reaction monitoring （SRM） mode.

Results and Discussion
We first examined the high concentration （10 ng/mL） of serum sample by a two-step solid phase extraction using Oasis HLB and 
MCX prior to LC-MS/MS. The deviation of the quantitative results was more than 10 %. To improve the sensitivity and reduce the 
deviation, the enriched sample by the solid phase extraction was modified with AQC reagent. The AQC-modification increased 10-
fold in the signal intensity and reduced the deviation on the measurement to less than 5  %. In case of the low concentration （0.3 
ng/mL） of a serum sample, we could not observe the signal of the AQC-modified C-peptide using solid phase extraction for the 
sample enrichment. However, we successfully quantified AQC-modified C-peptide with 10 % of the deviation by an immunoaffinity 
purification using anti-C-peptide antibody-immobilized magnetic beads instead of the solid phase extraction prior to the AQC-
modification. In conclusion, we have successfully developed the quantitation method for serum C-peptide in the range of 0.3-10 
ng/mL with the deviation of 5 -10 % by combination of the immunoaffinity purification and the chemical modification by AQC 
reagent.
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Label-Free Screening for Epigenetic Drug Discovery Using Mass 
Spectrometry to Monitor Protein and Nucleic Acid Modification Events
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Novel aspects:
This research demonstrates a novel and high-throughput means of analyzing epigenetic targets, often difficult to investigate during 
the drug development process.

Abstract:
Epigenetics, the study of changes in gene expression caused by mechanisms other than deviations in DNA sequence, is rapidly 
emerging as a field with tremendous drug development potential across a broad range of therapeutic areas. Epigenetic discovery 
via traditional screening technologies is complicated by the ability of these enzymes to impart multiple modification events onto 
singular substrates resulting in complicated and dynamic enzyme kinetic environments. In this study, we investigated the use of 
mass spectrometry as a universal platform for the detection and quantification of multiple protein and nucleic acid modification 
events （i.e. histone acetylation status, histone methylation status, DNA methylation status）. The use of mass spectrometry 
facilitates direct detection of native enzyme substrate and product pairs, and allows for rapid assay development of a wide array 
of chemical analytes （peptides, oligonucleotides, whole proteins, etc）. The label-free methodology mass spectrometry provides 
can enable targeted screening across a large collection of epigenetic processes and represents a ubiquitous approach to this 
complex research area.
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Comprehensive analysis of human proteome in hippocampus tissue from 
Alzheimer disease patient.
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alzheimer hippocampus proteome ETD analysis

Novel aspects:
A total of 5337 different proteins were confidently identified in control samples and 4990 in AD （alzheimer disease） patients, 
respectively.

Abstract:
Alzheimer’s disease is a progressive neurodegenerative disorder and the most common form of dementia. The disease is 
confirmed by the presence of neuritic plaques and neurofibrillary tangles in the cerebral cortex at autopsy, but the accuracy of 
antemortem diagnosis, especially at the early stages of the disease, is not ideal. Thus, there is a substantial need for the discovery 
and validation of diagnostic biomarkers. We report a global proteomic analysis of hippocampus tissue from normal human and 
Alzheimer patient. Proteins were separated into soluble and membrane fractions. Proteins were digested with trypsin, and 
resulted peptides were further separated into 12 fractions by off gel isoelectric focusing method. Each samples were analyzed by 
UPLC coupled with reversed phase LC-ESI-MS/MS analysis and we applied both collision induced dissociation （CID） and electron-
transfer dissociation （ETD） based fragmentation. Analytical column was home-made microcapillary column consisting of C18 
（Aqua； particle size 3  μm） packed into i.d. 75 μm, o.d. 360 μm silica tubing. For protein identification, the MS/MS data were 
analyzed using the IPI human database with the protein discoverer software. A total of 5337 different proteins were confidently 
identified in control samples and 4990 in AD （alzheimer disease） patients, respectively.
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Rapid and sensitive determination of the intermediates of advanced 
glycation end products in human nail by UPLC-ESI-TOF-MS
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Keywords:
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Novel aspects:
As we know, for the first time, these three kinds of the dicarbonyl intermediates of AGEs, which were 3 -DG, MG and GO, were 
first found in human nail samples.

Abstract:
The resolution of the intermediate Advanced Glycation End products （AGEs） in human nail was carried out by the combination of 
4,5-dimethyl-1,2-phenylenediamine （DMPD） derivatives and ultra performance liquid chromatography with electrospray ionization 
time-of-flight mass spectrometry （UPLC-ESI-TOF-MS）. The reaction of the reagent with 3 -Deoxyglucosone （ 3 -DG）, methylglyoxal 
（MG） and glyoxal （GO） effectively proceeds at 60°C for 2  hr. The resulting derivatives were efficiently separated by a gradient 
program （a mixture of H 2 O and CH 3 CN containing 0.1% formic acid （HCOOH）） using a reversed-phase ACQUITY UPLC BEH C 18  （1.7 
mm, 50 mm × 2.1 mm i.d.） column and sensitively detected by TOF-MS. The detection limits （S/N= 5 ） of the TOF-MS were 10-50 
fmol. A good linearity was achieved from the calibration curves, which was obtained by plotting the peak area ratios of the 
analytes relative to the internal standard （IS）, i.e., 2,3-hexanedione, versus the injected amounts of 3 -DG, MG and GO （r 2 > 0.999）, 
and the intra-day and inter-day assay precisions were less than 6.89 % . The derivatives of the compounds in human nail were 
successfully identified by the proposed procedure. As we know, for the first time, these three kinds of dicarbonyl intermediates in 
the formation of AGEs, which were 3 -DG, MG and GO, were first found in human nail samples. Using these methods, the amounts 
of compounds in the nails of healthy volunteers and diabetic patients were determined. When comparing the index from the 
diabetic patients to those from healthy volunteers, there is no significant difference in the content of the MG and GO in the nails. 
However, a statistically significant （P<0.001） correlation was observed between the 3 -DG concentrations. Therefore, because the 
proposed method provides a good mass accuracy and the trace detection of the dicarbonyl intermediates of AGEs in human nails, 
this analytical technique could be a noninvasive technique to assist in the diagnosis and assessment of disease activity in diabetic 
patients. Here we present a novel sensitive, simple method for the simultaneous determination of dicarbonyl compounds in 
human nails. 
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Determination of flavonoids in infected plants using LC-MS/MS
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Novel aspects:
The flavonoid content in the infected plant with the disease development decreased inithially after infection but then gradually 
increased before finally progressively decreasing.

Abstract:
Flavonoids play an important role as pre-infection inhibitors, providing plants with a certain degree of basic resistance against 
pathogenic microorganisms. It was confirmed by LC-MS/MS that as procedure of disease.
In this work we identified the flavonoids of the plants and compared their characteristic chromatographic fingerprints with 
infected one using liquid chromatography electrospray ionization mass spectrometry （LC-MS/MS）.
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Development of methods to identify previously unknown secondary 
metabolites from myxobacteria based on a comprehensive metabolic 
profiling workflow
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Keywords:
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Novel aspects:
Characterization of complex samples by combining targeted and non-targeted LC-TOF-MS based Metabolomics workflows - an 
efficient de-replication strategy.

Abstract:
Introduction:
The extraction of relevant information from complex data sets remains an important bottleneck in （microbial） metabolomics 
research. Compared to a focused, targeted approach this is even more important in non-targeted metabolomics, where the goal 
is the identification of all compounds produced by a particular bacterial strain. Many of these compounds are part of primary 
metabolism and therefore out of scope when research concentrates on secondary metabolites. Other metabolites may be very 
common for a certain genus of bacteria and already well known but the large subset of compounds that are “really new“ is hard 
to identify.
By combining targeted and non-targeted metabolomic approaches, including searches against in-house and freely available data 
bases, it is possible to narrow down and identify numerous features derived from HPLC-high resolution MS/MS measurements. 

Methods:
6  biological replicates each of myxobacterial （Sorangium cellulosum） extracts and growth medium blanks were separated by 
gradient elution at 600 ul/min and 45 degree C using a C18 column on an RSLC system （Dionex）. ESI-MS measurements were 
performed using positive ionization on a maXis QTOF （Bruker Daltonik） with a repetition rate of 2  Hz for MS and 3  Hz for MS/
MS. Targeted screening was carried out using precise extracted ion chromatograms （XICs）, retention time and isotope pattern 
evaluation in the TargetAnalysis software . Data pre-processing, statistical interpretation and creation of a Scheduled precursor list 
（SPL） for targeted MS/MS experiments was performed with the ProfileAnalysis software.

Results:
The automated feature finding algorithm detected 2000 - 5000 features within one HPLC-MS chromatogram on a myxobacterial 
extract. In a first step these features were subjected to a search against an in-house database using accurate mass, isotope 
pattern fit, and retention time in order to identify known compounds. Non-targeted metabolite profiling, using statistical methods 
such as ANOVA, t-test as well as PCA analysis, identified 176 features related to the growth of the bacteria by comparing 
myxobacterial extracts to blank samples （growth medium）. These features were automatically added to a scheduled precursor 
list （SPL） to focus fragmentation experiments on the relevant subset of compounds within the complex mixture. This enabled 
fragmentation of low abundant features which might have been missed during an automatic precursor selection without 
predefined compounds of interest. High resolution full scan MS and MS/MS spectra were used to identify target metabolites by 
queries in open source libraries （e.g. METLIN）. Remaining unidentified features were subsequently compared to an in-house 
database to identify putative derivatives of known compounds. Calculation of sum formulae suggests the presence of new 
ambruticin derivatives. 63 out of 176 filtered features from myxobacterial extracts could be identified based on MS/MS data. The 
applied strategy effectively supported the de-replication, i.e. identification of already known compounds in complex metabolite 
extracts, thereby facilitating the screening for “new“ bacterial secondary metabolites.
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Use of proton-affinitive derivatization in HPLC-positive-ESI-MS analysis of 
biologically important carboxylic acids
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Novel aspects:
Picolyl esters as proton affinity tag for analysis of carboxylic acids using HPLC-ESI-MS were investigated.

Abstract:
Introduction
Bile acids, fatty acids and eicosanoids are biologically important as biomarker for diagnosis of various diseases or inborn error of 
metabolism. However, these substances generally show poor sensitivity in HPLC-ESI-MS analyses with their naked molecules. 
Introduction of proton-affinitive or permanently charged tags into carboxyl moieties of such molecules proved to be advantageous 
to improve detection sensitivity of these molecules toward ESI in HPLC-MS. During the course of our studies on the analysis of 
hydroxy steroids by HPLC-ESI-MS, we have found that the introduction of the proton-affinitive tags （picolinate： Pi derivative） 
enabled to determine estrone, estradiol, testosterone, dihydrotestosterone, dehydroepiandrosterone, pregnenolone, cortisol, 
corticosterone and aldosterone molecules with the limit of quantification （LOQ） of approximately 0.5- 1  pg/ml human serum by 
selected reaction monitoring （SRM） in a positive mode. The aim of this study is to develop proton-affinitive Pi tags introducted by 
simple derivatization for HPLC-ESI-MS analyses of biologically important carboxylic acids. 

Method
Derivatization： Carboxylic acids （bile acids, fatty acids and eicosanoids） were treated with 2 -bromomethylpyridine or 2 -
（bromomethyl）- 6 -methylpyridine in CH 3 CN in the presence of diisopropylethyamine. The derivatives thus obtained were 
purified by solid-phase extraction using ODS cartridge using 90% CH 3 CN-H 2 O as an eluting solvent. Identification： The structures 
of derivatives were confirmed by high resolution ESI-MS and  1 H-NMR spectroscopy. HPLC-MS： Finnigan TSQ Vantage AM （ESI-
positive）； column： X-Bridge （C18, 150 mm x 2  mm I.D., 5  mm, Waters）； mobile phase： CH 3 CN-H 2 O-CH 3 COOH （65 ： 35 ： 0.1 v/v/
v）； flow rate： 0.2 ml/min.

Preliminary data
In the case of hydroxysteroids, we selected picolinic acid and its related compounds as proton-affinity tags in our previous report. 
In this case, esterification of hydroxysteroids with picolinic acid was performed by mixed anhydride method based on the use of 
2 -methyl- 6 -nitrobenzoicanhydride with more than 70 % yields. In this report, we selected 2 -bromomethypyridine or 
2 -bromomethyl- 6 -methylpyridine as proton-affinity tags for derivatization of carboxylic acids. In itial efforts were focused on the 
derivatization of bile acids as reference standards. Treatment of bile acids （cholic acid, chenodeoxylcholic acid, ursodeoxycholic 
acid, deoxycholic acid and lithocholic acid） with 2 -bromomethylpyridine in CH 3 CN solution in the presence of 
diisopropylethylamine gave the expected picolyl ester of carboxylic acids. The picolyl ester of each bile acid provided well-shaped 
HPLC peak without formation of by-products. The positive-ESI mass spectra of the picolyl ester of these bile acids were 
characterized by the appearance of protonated molecule as base peaks. SRM utilizing the inherent transition for each picolyl ester 
of bile acid enabled to determine these bile acids with extremely high sensitivity. Quantitation of these bile acids utilizing stable 
isotope labeled internal standards was also investigated. An application of the present derivatization method to fatty acids and 
some eicosanoids which include carboxyl group were also discussed.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 38: Mass Spectrometry for Metabolic Diseases

PTh-104
13:30 － 14:40

Comprehensive CID with accurate mass measurement for analyte 
identification in metabolomics and natural products: HPLC-TOF-MS 
analysis with database searching
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Novel aspects:
Comprehensive fragmentation with deconvolution and the mass accuracy and resolving power of the TOF MS enables analyte 
characterization in metabolomics and natural products analysis using traditional MS/MS databases.

Abstract:
Tandem mass spectrometry （MS/MS） has become the benchmark for analyte identification using mass spectrometry with the 
generation fragment ions occurring through varied mechanisms. Among these, collision induced dissociation is by far the most 
common. The other prominent tool for characterization purposes in mass spectrometry is accurate mass analysis. This has been 
the domain of FTMS and magnetic sector systems but time of flight systems have made significant inroads in the past decade. The 
growing presence of hybrid instruments which provide both MS/MS and accurate mass information has created even more 
opportunities. An alternative to these approaches is post source collision induced dissociation on a high performance time of 
flight system. When fragmentation occurs in a controlled pressure region and high resolving power and mass accuracy is 
combined with analyte deconvolution software which generates precursor and fragment ion spectra there is a powerful synergy. 
In this study post source, deconvoluted fragment ion spectra are generated for analytes detected in complex natural product 
samples. The spectra are searched against common databases for MS/MS spectra including Metlin and the quality of the hits and 
the spectra are compared. The results show that across a range of signal-to-noise levels and m/z ranges the post source fragment 
ion spectra provide spectra comparable to library spectra and high integrity hits. Much of this is attributable to the high mass 
accuracy observed in both the precursor and product on spectra （>45,000 resolving power and better than 2  ppm mass 
accuracy）. In addition, the post source dissociation provides superior relative isotope abundance measurements for precursor 
and product ions which facilitates analyte identification. Specific examples of the utiilty of this approach in metabolomics and 
natural product characterization are discussed.
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rapid analytical time

Hironori Kobayashi1, Yuichi Mushimoto1, Yuki Hasegawa1, Kenji Yamada1, Jamiyan Purevsuren1, 
Tomoo Takahashi1, Toshikazu Minohata2, Junko Iida2, Yamaguchi Seiji1
1 Shimane University, Izumo, Japan, 2 Shimadzu Corporation, Kyoto, Japan

　
Keywords:
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Novel aspects:
Rapid and small-volume-injection analysis of amino acids and acylcarnitines by ESI-MS/MS

Abstract:
Introduction
 After late 1990’s, analysis of acylcarnitines and amino acids by MS/MS has become popular in newborn screening. This screening 
made it possible to examine more than 20 diseases at once including disorders of amino acid metabolism, organic acidemia, and 
fatty acid oxidation disorders. Currently, a non-derivatization method is predominant. Current method of analysis requires 5 -20 ml 
of injection volume, and requires over two minutes at one analysis, approximately 72,000 samples a year. Because a sample is 
extracted from dried blood spot on filter paper in newborn screening, smaller volume of injection is preferred for less 
maintenance. We developed the method of more rapid and smaller injection volume by using Nexera MP and LCMS-8030 triple 
quadrupole mass spectrometer （ShimadzuCorporation）. 
Methods
 A 3 mm punch of blood spot was processed using a NeoBase Non-derivatized MSMS Kit （PerkinElmer） and analyzed by multiple 
reaction monitoring （MRM）. Dried blood spot of known concentration in each analyte were used. Samples were measured by 
Nexera MP and LCMS-8030 equipped with an ESI source positively charged. Flow rates of mobile phase provided in Kit was 0.1 ml/
min. Injection volume was changed in 10 µl, 5  µl, 2  µl, and 1  µl, respectively.
Results
 Sensitivity was sufficient even in 1  µl of injection volume, as compared with original injection volume of 10 ml. Accuracies and 
precision in intra- and inter-day assay were within 10%. An analysis cycle of 74 seconds per sample was achieved in this situation. 
Conclusion
 Combination of Nexera MP and LCMS-8030 achieved higher throughput, more than 100,000 samples a year, than current screening.
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Novel aspects:
We developed detail determinaton method of acylcarnitines and amino acids without delivatization for metabolic disease by 
UPLC/MS/MS. This method enables acute diagnosis of metabolic disease.

Abstract:
Background: Tandem mass spectrometry （MS/MS） analysis of acylcarnitines and amino acids has been used to screen newborns 
for organic acidemias, fatty acid oxidation defects and amino acid metabolism abnormality. Although this method provides results 
in a few minutes, the method cannot separate acylcarnitine isomers and amino acid isomers. Moreover, the peak intensity of 
analyte by MS/MS would be unstable by ion suppression to detect many kinds of acylcarnitines and amino acids at the same 
retention time in the chromatography. We previously reported determination method of acylcarnitine isomers from free carnitine 
（C 0 ） to octanoylcarnitine （C 8 ） by HPLC/MS/MS. Simultaneous analysis of both short-chain acylcarnitine and long-chain 
acylcarnitine by HPLC was very difficult as the polarity of these acylcarnitines is different greatly. The determination method of C 0  
to octadecanoylcarnitine （C18） was developed by derivatizing acylcarnitines. However, the derivatization reagent is atypical and 
derivatization reaction takes trouble. We investigated the simultaneous determination method of acylcarnitines （C 0 -C18） and 
amino acids （Val, Leu, Ile, Met, Phe, Orn, Cit, Arg, Tyr） without derivatization by ultra high performance liquid chromatography 
（UPLC）-MS/MS. A more accurate diagnosis of inborn error of metabolism is enabled by this analytical method.
Method: A mixture of 5  micro L of 28 acylcarnitines, 9  amino acids, corresponding labeled acylcarnitines and labeled amino acids 
was injected onto Acquity UPLC BEH C18 column （2.1 x 150 mm, Waters） and eluted at a flow rate of 0.3 mL/min using a step 
gradient alternating between 0.08 % aqueous ion-pairing reagent （IPCC-MS3, GL sciences） and 0.3 % formic acid in methanol. 
Acylcarnitines and amino acids were analyzed in positive ion multiple reaction monitoring （MRM） mode of Quattro Premier XE 
triple quadrupole mass spectrometer （Waters）. 
Acylcarnitnes and amino acids were extracted from serum of patients with inborn error of metabolism using an OASIS MCX solid 
phase extraction cartridge （Waters）. The extracted solution was analyzed by above method. 
Results: All acylcarnitine isomers were separated in 35 min and all amino acids were analyzed in 13 min using UPLC. The limits of 
quantifications （LOQs） were 0.05 micro mol/L for acylcarnitines and 1.0 micro mol/L for amino acid, respectively. The precision 
data for serum sample showed that intra-day coefficients of variance （CVs） at three concentrations were less than 15 % . 
Acylcarnitines and amino acids which were not the marker in screening were specifically detected in analysis of the serum 
samples of patients with inborn error of metabolism. For example, methylmalonylcarnitne （C 4 DC） and 3 -methylcrotonylcarnitine 
（C 5 ： 1 ） were accumulated in the serum of patients with methylmalonic acidemia （marker； propionylcarnitine （C 3 ）） and 
holocarboxylase synthetase deficiency （marker； 3 -hydroxyisovalerylcarnitine （C 5 OH））, respectively. 
Discussion: We developed simultaneous determination method for acylcarnitines （C 0 -C18） and amino acids without 
derivatization. The analytical time is shorter by using UPLC and the quantification of low concentration is possible because 
analysis in MRM mode is very sensitive. The separation of analyte by UPLC column would achieve stability of the individual peak 
sensitivity by MS/MS. Therefore, concentration of near the cut-off value is determined precisely and the decrease of the pseudo 
positive is expected. The acylcarnitines and amino acids profile obtained by this method enabled a correct diagnosis. This method 
can apply to monitoring of the effect of treatment by observing a change of acylcarnitines and amino acids.
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An Attempt to Quantitative Analysis for Clinical Proteomics by Nano LC-
nano-ESI-SRM-MS Using Stable Isotope-labeled Iodoacetanilide as well as 
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Novel aspects:
A combination of stable isotope-labeled and -unlabeled iodoacetanilides or N-ethylmaleimides and LC-ESI-SRM-MS offers a new 
method of absolute quantification for clinical proteomics.

Abstract:
Quantitative analysis of proteins is essential to clinical proteomics. We have developed a methodology for relative quantification 
of proteins by modifying cysteine residues with stable isotope （ 13 C）-labeled iodoacetanilide （ 13 C 7 -IAA） or -unlabeled 
iodoacetanilide （IAA） as well as stable isotope （d）-labeled N-ethylmaleimide （d 5 -NEM） or -unlabeled N-ethylmaleimide （NEM）, 
followed by nano LC-nano-ESI-mass spectrometry. In addition to the combination of the above labeling, the selected reaction 
monitoring （SRM） technique, accomplished by specifying the precursor ion and specifically monitoring its few most intense and 
most reliable CID product ions, was also applied to identification and absolute quantification by the above mass spectrometer for 
clinical proteomics. We examined the possibility for absolute quantification of commercial proteins such as bovine serum albumin 
（BSA） and some candidate proteins for breast cancer biomarkers from nipple discharge of breast cancer patients.
 For absolute quantification of BSA, we selected two tryptic peptides for SRM and obtained their synthetic peptides. The synthetic 
peptide solution adjusted at around pH 9.0 or 7.0 and reduced with dithiothreitol or TCEP （Bond-Breaker TCEP Solution, Neutral 
pH, Thermo Fisher Scientific） for IAA/ 13 C 7 -IAA or NEM/d 5 -NEM modification, as the case may be, was divided into two solutions. 
One of the solutions was incubated with an excess amount of 100 mM IAA DMSO or NEM solution, while the other with 100 
mM  13 C 7 -IAA DMSO or d 5 -NEM solution. The IAA- or NEM-modified solution was adjusted to the following five concentrations： 
1000, 500, 100, 50, and 10 fmol/µL, while the  13 C 7 -IAA- or d 5 -NEM-modified solution was adjusted to 100 fmol/µL. Each IAA- or NEM-
modified solution mixed with  13 C 7 -IAA- or d 5 -NEM-modified solution was loaded into nano LC （UltiMate 3000, Thermo Scientific 
DIONEX）-nano-ESI-Ion Trap MS （HCTultra, Bruker Daltonics） system and a standard curve was created by the SRM technique.
 For absolute quantification of commercial proteins we used three kinds of proteins： BSA, ovalbumin, and α-lactalbumin. In the 
case of BSA, we selected two tryptic peptides for the SRM analysis, which were observed at a high intensity on MS. Two clusters 
of peaks representing IAA- and  13 C 7 -IAA-modified tryptic peptides were observed to be 7  Da apart due to the presence of 
seven  13 C atoms and detected with the same retention time, which means that the isotope effects by the introduction of IAA 
and  13 C 7 -IAA do not exist in this system. One of the above two peptides, LCVLHEK, was custom-synthesized, and modified with 
IAA or  13 C 7 -IAA. Five IAA-modified peptide solutions with different concentration （1000, 500, 100, 50, and 10 fmol/µL） were prepared, 
and each solution was mixed with a constant concentration of  13 C 7 -IAA-modified peptide （100 fmol/µL）. The SRM conditions were 
as follows： IAA-modified LCVLHEK （m/z 487.8 doubly-charged precursor ion >m/z 333.2, 625.4 singly-charged product 
ions）,  13 C 7 -IAA-modified LCVLHEK （m/z 491.3 （same as above） >m/z 340.2, 625.4 （same as above））, and the chromatogram area 
ratio of m/z 333.2/340.2 （Cys-containing） and m/z 625.4/625.4 （non-Cys-containing）. The standard curve based on the results of 
above five mixtures had R 2  value that was close to 1  （0.995）. The relative standard deviation （RSD） values indicated repeatability 
were calculated from three replicated SRM analyses for each mixture and the RSD ranged from 3.9 % to 17.0 % . The R 2  values 
obtained from other commercial proteins also showed those close to 1, and the RSD values were similar to those of BSA. The 
similar result was also obtained using NEM/d 5 -NEM and from other two proteins. Therefore the combination of the IAA 
and  13 C 7 -IAA modification in addition to SRM was found to be an effective tool for absolute quantification for proteins. 
Furthermore we are also trying to apply this technique to absolute quantification of some candidate proteins for breast cancer 
biomarker.
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Novel aspects:
Alignment functionality in Signpost MS software improves the capability of quantification and qualification of multi-sample MRM 
data.

Abstract:
MRM analysis is widely used in various areas including metabolomics for the sake of quantification and qualification. In order to 
carry out such analyses, a number of MRM transitions for a large number of samples must be processed. Software tools have been 
desired to treat such data with user-friendly interfaces to conduct from data capturing to multivariate analysis. We have 
developed integrated multivariate analyses software named Signpost™ MS, which can treat various kinds of MS instruments data. 
Previously, this software is mainly used for the analyses of scan data, where data are represented as a series of spectra. Here we 
have expanded the functionality of the software to support MRM data.
One of the important functions of this software is “alignment“. In the case of scan data derived from LC-MS, there are three 
fundamental axes： 1 ） separation axis as retention time, 2 ） spectrum axis as m/z, and 3 ） quantity axis as ion intensity. Though 
mass values are quite solid, retention time by liquid chromatography fluctuates and time axes should be aligned between 
measurements. Once time axes are aligned, now corresponding peaks in different measurement can be observed at the same 
position of the aligned time axis.
In the case of MRM data, where the dimension of spectrum axis is reduced to single or several transitions, still we provide the 
alignment function to overlay peak shapes by adjusting time axes.
When we measure an analyte of high concentration, it might not be difficult to detect the peak derived from the analyte. However 
the lower the analyte concentration, the peak height becomes the lower, and the detection of the peak becomes the more 
difficult. In such a case, we cannot use intensity to detect peaks. However, if we can predict the location of the peak on time axis, 
we can detect the peak. 
Alignment function is also useful in another case where several candidate peaks can be observed due to interference peaks or 
noise. In such a case, location information of time axis may be a decisive factor. 
Alignment is conducted based on the similarity of shapes of chromatogram. Thus it would be hard to align chromatograms of 
poor shapes, due to the weak signal response of the analyte. However, in such cases we can use other transition information that 
is measured simultaneously. For example, internal standard signals can be used for quantification measurement, and other analyte 
transition signals can be used for MRM profiling.
Once we have capture peaks, then they will be presented visually to validate authenticity of the selected results. We also 
introduce some basic rules to evaluate the validity of peak shapes.
The software begins by loading raw data from an LC-MS experiment. In the case of MRM assay, loaded data are rearranged 
according to transitions. Grouping information of samples should be given by users. For samples belonging to the same sample 
group, time axes are aligned each other by using common transition data. Then peaks are detected and presented visually for 
validation. Results of the peak shape validity evaluate on are also presented. Conformed peaks are arranged into a table to be 
analyzed by multivariate analyses like PCA or cluster analyses.
In this study, we show novel use of MRM data in the context of metabolomics biomarker discovery using an LCMS-8030 triple 
quadrupole mass spectrometer integrated with Nexera UHPLC system （Shimadzu Corporation, Kyoto, Japan）.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Session 39: MS Informatics for Quantitation

PTh-109
11:10 － 12:20

High Pressure Acid Dissolution of alpha-alumna for trace elements 
determination by ICP-MS
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Novel aspects:
This presentation describes alpha-alumna sample can be easily dissolved by simple acid treatment

Abstract:
High purity α-alumna has important uses in the electronics and ceramics industries. The properties of α-alumna are much 
affected by the level of impurities present, and hence the determination of trace elements in this material is of great practical 
importance. It is well known that the dissolution of α-alumna sample for analysis of trace impurities is very difficult.
This presentation describes α-alumna sample can be easily dissolved by simple acid treatment. Granule and wafer type of α
-alumina sample were pulverized with vibratory micro mill device （FRITSCH, GmHB）. And then, an enough amount of α-alumina 
powder sample （ 1  g） was decomposed with 5  mL of H 2 SO 4  and 15 mL of deionized water in 50 mL size of Teflon vessel of high 
pressure acid digestion device by heating in drying oven for 16 h at 230°C. After cooling, the decomposed sample was diluted with 
deionized water and then metal impurities were analyzed by ICP-MS. 
The elements studied include Co, Cu, Cr, Ga, Fe, Mg, Mn, Na, Si, and Zn. The limit of Quantification （LOQ） for each element in 
ICP-MS was presented. 
For the method validation, the metal impurities in the certified reference material of alumina （JCRM R 031, 032, 033） were analyzed 
by the same method described in this paper and compared with certified values.
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Novel aspects:
This highest-speed and simplest method will become extremely useful to survey photodegradation products of pharmaceuticals 
and personal care products （PPCPs） in environment and drug-development research fields.

Abstract:
Over the past decade, attention as organic pollutants in aquatic environments has been gradually increasing to pharmaceuticals 
and personal care products （PPCPs）. A large amount of pharmaceuticals have been released continuously into aquatic 
environments for more than a century. Thus, there have been many reports about the occurrence of pharmaceutical products in 
river water, seawater, and wastewater.
 GC-MS and LC-MS or LC-MS/MS are used as the most common techniques for determination of pharmaceuticals in aquatic 
environments. The selected ion monitoring （SIM）, the selected reaction monitoring （SRM） and the multiple reaction monitoring 
（MRM） methods are utilized as the technique for determination of pharmaceuticals in aquatic environment. When these 
techniques are used for determination of pharmaceuticals, it is required to obtain the information about the specific ions of target 
pharmaceuticals prior to starting analyses of them. This indicates that these convenient techniques become useless entirely in 
determination of unknown compounds.
 Photo-degradation is suggested to play an important role in elimination of some of PPCPs from surface waters. In fact, the fate of 
pharmaceuticals has been recognized by solar and ultraviolet irradiation to them. However, there seems to be also a few reports 
on the determination of photo-degradation products of pharmaceuticals in aquatic environments in spite of taking a large variety 
of pharmaceuticals.
 Most of investigators have performed the photo-degradation studies by sunlight and/or UV radiation using an appropriately 
devices equipped with a mercury lamp （Hg-vapor lamp） or a xenon lamp （Xe lamp）. The radiation intensity is ca. 300 W/m 2  （daily 
average） in the case of solar light 1)  and 400 800 W/m 2  in the cases of Hg-vapor lamp 2)  or Xe lamp 3)  which consume a relatively long 
radiation time （about 10 hours） to obtain the significant fate of pharmaceuticals. In addition, these radiation conditions require 
some cooling system to prevent heat affection. If the photo-degradation study can be performed faster and easier, it will become 
to assess the photo-degradation products readily. Therefore, we developed the very simple and fast method using a UV-LED 
lighting device and a DART-TOF mass spectrometer 4) .
 A small size UV-LED lighting device has been available recently for UV cure processing on pinpoint. At present time, there are 
several devices giving ultra violet light （ λmax： 365 nm） and high power radiation intensity （to 9500 mW/cm 2 ） with no heat 
affection. We used the cheap model with radiation intensity of ca. 4000 mW/cm 2  （40000 W/m 2 ） and beam diameter of 4  mm 
（ULEDN-101, NS-Lighting）. After preparation of sample solution using methanol and/or acetonitrile （ca. 5  mg/ml）, a portion of 
several micro-L was applied on the reverse-phase type of TLC plate （RP- 2  F 254 , Merck） using a glass capillary tube and UV light 
was irradiated for appropriate time （ within 120 sec） on the sample spot （diameter： ca. 3  mm）. DART-Mass spectrometry was 
utilized to detect the photo-degradation products on the TLC plate, because the DART ionization provides direct analysis under 
atmospheric pressure and few fragmentation of molecular ion. In this study, we used DART-SVP100 （IonSence） for ionization of 
samples and Accu-TOF mass spectrometer （JMS-T100LC, JEOL） for acquisition of mass spectral data.
 In this conference, we will present our high advantage method for exploring photo-degradation products of pharmaceuticals by 
showing the results in the cases of Ibuprofen, Naproxen, Ketoprofen, Indomethacin and Diclofenac which are generally used as a 
non-steroidal anti-inflammatory drugs （NSAID）.

Reference
1 ） V. Matamoros, et.al., Water Air Soil Pollut., 196, 161-168 （2009）
2 ） J. L. Packer, et.al., Aquat. Sci., 65, 342-351 （2003）
3 ） M. W. Lam, S. A. Mabury, Aquat. Sci., 67, 177-188 （2005）
4 ） T. Tashima, et.al., The Abstract of 59 th  Annual Conference on Mass Spectrom. JPN., 1 P-43, 75 （2011）
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Hydrophilic-interaction liquid chromatography (HILIC)-tandem mass 
spectrometry for quantification of oseltamivir and zanamivir in surface 
water and sediment samples
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Novel aspects:
Novel SPE and HILIC-MS/MS methods are developed for extraction and quantitation of oseltamivir and zanamivir simultaneously in 
environmental waters. Oseltamivir is detected in sediment samples for the first time.

Abstract:
Oseltamivir and zanamivir are the most prescribed antiviral drugs against influenza in Japan. Oseltamivir and its metabolite have 
been frequently detected in surface water bodies in Japan during the last few years particularly in seasonal influenza period 
posing the threat of emergence of drug-resistant genes in human pathogens. Although zanamivir is placed in the third position in 
terms of its use as an antiviral drug in Japan, its occurrence and fate in environmental waters are not known until now. This 
situation may be partially attributed to the lack of a suitable sample treatment and analysis methods for the drug. Therefore, 
suitable and sensitive sample pretreatment and analysis methods are highly desirable for quantitation of the drug in environmental 
waters. Furthermore, optimized pretreatment and analysis methods for both oseltamivir and zanamivir would be the best choice 
for their precise and rapid quantitation in water samples.

This article discusses the occurrence of oseltamivir phosphate （OP）, oseltamivir carboxylate （OC） and zanamivir hydrate （ZH） in 
water and sediment samples from Neya River in Osaka using a recently developed novel solid-phase extraction （SPE） method for 
simultaneous recovery of the compounds and hydrophilic-interaction liquid chromatography （HILIC） -tandem mass spectrometry 
（MS/MS） method for quantitation. Water and top sediment samples at three representative points （ST-1, ST- 2  and ST- 3 ） from 
the top towards the mouth along Neya River were taken during the 2011/2012 seasonal influenza period. The ST- 1  is characterized 
by very small river flow and relatively bigger size sand particles in sediment. The ST- 2  is characterized by drastically large river 
flow due to wastewater treatment plant discharge in the upstream side and medium sand particles in sediment. The ST- 3  is 
characterized by very large river flow and silt particles in sediment.

The OP, OC and ZH were not found in both water and sediment at ST-1. They were present in water, but not in sediment at ST-2. 
The scenario was completely different for ST-3. The three compounds were found in water samples, while OP only was present in 
the sediment at ST-3. Thus, the compounds were found in abundance in water phase, while OP alone was detected in the 
sediment from Neya River. Batch adsorption test results for the compounds in ultrapure water with river sediment showed the 
highest adsorbed fraction （24%） for OP, while the values for OC and ZH were 3 % and 1 % respectively. Moreover, the fractions in 
water phase for OC and ZH were about 97% and 93% respectively. The value for OP was only 6 %. These results clearly indicated 
the highest adsorption affinity of OP to sediment, while the affinities for OC and ZH were negligibly small. It may be evident from 
these results that OP is more likely to be adsorbed to sediments than OC and ZH.

A newly developed SPE method for simultaneous recovery of oseltamivir and zanamivir together with a hydrophilic-interaction 
liquid chromatography （HILIC） -tandem mass spectrometry method were employed for accurate quantitation of the drugs in river 
water and sediment samples. The results demonstrated abundance of OP and OC in river water during 2011/2012 seasonal 
influenza period, while OP only exhibited high potential for adsorption to sediment. It became evident that monitoring the drugs, 
particularly OP, in water phase alone is not enough in assessing the threat of emergence of drug-resistant genes in human 
pathogens.
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Novel aspects:
Gas chromatography coupled to high-resolution time-of-flight mass spectrometry （GC-HRTOF-MS） was applied for the 
comprehensive analysis of ClPAHs and BrPAHs congeners including unidentified congeners.

Abstract:
Chlorinated polycyclic aromatic hydrocarbons （ClPAHs） such as chlorobenz［a］anthracene （ClBaA） and chlorobenzo［a］pyrene 
（ClBaP） have received worldwide attention because of their environmental persistence and widespread distribution. Horii et al. 
have showed that several ClPAHs and BrPAHs elicit dioxin-like activity with potencies comparable to those of several mono-ortho 
polychlorinated biphenyl （PCB） congeners. Recent reports have showed the occurrence of ClPAHs and BrPAHs in flue gas and fly 
ash from municipal and industrial waste incinerators. However, little is known about congener profiles and distributions of ClPAHs 
and BrPAHs in flue gas, fly ash, and bottom ash from waste incinerators, due to the lack of individual analytical standards. Several 
tens of individual ClPAHs and BrPAHs were therefore synthesized in our laboratory. In this study, we measured individual 
concentrations of 26 ClPAHs and 15 BrPAHs in flue gas, fly ash, and bottom ash from 8  waste incinerators. In addition, gas 
chromatography coupled to high-resolution time-of-flight mass spectrometry （GC-HRTOF-MS） was applied for the comprehensive 
analysis of ClPAHs and BrPAHs congeners including unidentified congeners. Results showed that monochloropyrene （ 1 -ClPyr） and 
6 -ClBaP were the dominant compounds in flue gas samples. The profiles of halogenated PAHs were similar to the profiles 
reported previously for urban air. Concentrations of chlorinated phenanthren and pyrene in flue gas were significantly correlated 
with the corresponding parent PAH concentrations. Significant correlation between ΣClPAH and ΣPAH concentrations suggests 
that direct chlorination of parent PAHs is the mechanism of formation of ClPAHs during incineration of wastes. Furthermore, highly 
chlorinated PAHs and brominated/chlorinated PAHs were found in samples by the comprehensive analysis using GC-HRTOF-MS.
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SELECTIVE EXTRACTION OF ORGANOHALOGENS FROM GCxGC-HRTofMS 
DATA FOR GLOBAL ANALYSIS OF ENVIRONMENTAL AND BIOLOGICAL 
SAMPLES
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Keywords:
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Novel aspects:
It is new to extract compounds on demand from a complehensive GCxGC-HRTofMS data that includes huge number of chemicals 
whiout pre-setting targets.

Abstract:
There are various chemicals around us. Some of them cause problems such as environmental pollution or have adverse effects on 
organisms. As the number of undesired chemicals grows, they become increasingly expensive in terms of time and cost to monitor 
and count. This can be partly attributed to problems with analytical methods, which require a lot of time and resources, and 
where a skilled user is needed to measure trace levels of compounds precisely in the presence of a large amount of interference, 
and because the methods are individually optimized for each target substance. We are developing and improving methods and 
tools to overcome the problems related to the techniques used for analyzing organic environmental pollutants. We are currently 
developing a new apparatus consisting of a comprehensive two-dimensional gas chromatograph （GC×GC）, which is a high 
performance technique for the separation of chemical compounds, directly coupled with a quadrapole type tandem mass 
spectrometer （MS/MS） and a high resolution time-of-flight mass spectrometer （HRTofMS）. We have shown that halogenated 
compounds can be detected comprehensively and selectively in environmental samples by employing a neutral loss scan （NLS） 
on a GC×GC-MS/MS. However, the sensitivity of the NLS on this instrument was insufficient to detect trace levels of 
organohalogens and incapable of identifying compounds due to their unit-mass records.
Here, we report our attempts at the selective extraction of a subset from the GC×GC-HRTofMS data in order to detect and 
identify trace levels of organohalogens. The data was obtained by measuring several environmental and biological samples, 
namely flyash, soil, sediment, the atmosphere and human urine. For global analysis, some samples were measured without any 
purification using a 6890GC （Agilent Technologies） with a KT2004 GC×GC system （Zoex） coupled with a JMS-T100GC （JEOL） 
HRTofMS. A column pair consisting of 5 % phenyl/phenyl-methyl silicone and 50% phenyl/phenyl-methyl silicone was employed as 
the liquid phase of the GC capillary columns for measurements with the GC×GC system.
Prior to data analysis, 5 -15 gigabytes （GB） of raw data from the HRTofMS were converted into 0.5-2.5 GB of data in the netCDF 
（AIA） format. We attempted to extract only the mass spectra of organochlorines or organobromines using the several methods 
that we developed.
As a result, after data analysis under various mass resolution conditions, we achieved the selective extraction of the mass spectra 
of chlorinated or brominated compounds under a high mass resolution condition that exceeded approximately 10,000 for some 
samples. In contrast, low mass resolution below 1,000 was unable to extract the organohalogen data effectively. The results of this 
study show that data obtained with a high-resolution time-of-flight mass spectrometer are valuable for the global analysis of 
organohalogens, and probably of other compounds if specific data extraction methods can be devised. However, to improve the 
data extraction performance the deconvolution of peaks and mass spectra is required because many compounds are co-eluted 
even when using a GC×GC depending on the sample matrix.
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Electrospray mass spectrometric observation of the interaction between 
environmental pollutants and biologic compounds
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Novel aspects:
Solutions containing amino acids and environmental pollutants were measured by ESI-MS for the purpose of gaining information 
on the behavior of the pollutants with amino acids and peptides.

Abstract:
Abstract
Interactions between biologic compounds and environment pollutants often cause various toxicities, such as defective 
development. Therefore, it is very important to understand the interactions. 
 Electrospray ionization mass spectrometry （ESI-MS） is a very powerful method for the characterization and identification of 
interactions between polar species, because the technique is a very soft ionization method. The technique has been frequently 
used for the analysis of the interactions between biological materials and chemicals （H. Moriwaki, 2002） or metal ions （H. 
Moriwaki, 2003）. 
 However, it is very difficult to research the interaction between proteins and substances by ESI-MS, because there are many 
complex binding sites and forms between proteins and substances. There are several examples where an investigation of a 
solution of a target substance with amino acids by ESI-MS was studied in order to initially serve as a simple model for complex 
interactions of the substance in proteins （C. L. Gatlin and F. Tureek, 2000）.
 In this presentation, solutions containing amino acids and environmental pollutants were measured by ESI-MS for the purpose of 
gaining information on the behavior of the pollutants with amino acids and peptides. Zinc pyrithione （ZnPT） and toxic metal ions 
were selected as targets of this study （H. Moriwaki et al., 2009）. 
Zinc pyrithione （ZnPT） is the zinc chelate of 2 -pyridinethiol- 1 -oxide. This compound is widely used as a bactericide, fungicide 
and algicide in various products, such as antidandruff shampoos. A few studies have examined the toxicity of ZnPT on aquatic 
organisms, and it has been clarified that ZnPT can be potentially highly toxic （K. Goka, 1999）. Therefore, it is important to 
understand the influence of the compound on wild life and the mechanisms of the toxicity of ZnPT in order to determine the 
appropriate use of ZnPT. The ZnPT complex （［ZnPT-ligand + Amino acid］ + ）, in which the ligand of ZnPT was exchanged by the 
amino acid, was detected in ZnPT solutions mixed with one of 20 amino acids by ESI-MS. Histidine and cysteine, in particular, 
showed a high reactivity with ZnPT, while serine and glycine showed a low reactivity. 
 In addition, electrospray mass spectrometric observation of the interaction of toxic metal ions with amino acids has been also 
studied in the same manner as ZnPT.
 The procedure described in this study is very simple and suggested only a simple model for the reaction of biological materials 
with the pollutants. However, it provides significant information for estimating the behavior of the pollutants within the living body.
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Characterization of organic pollutants in River Water by GC/MS ion 
profiles
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Novel aspects:
The families of compounds are shown by ion chromatograms obtained on characteristic ions. Their origin is discussed in 
correlation with the compounds known as molecular markers.

Abstract:
Background. The specific human activities lead to contamination of the aquatic environment with a wide variety of natural and 
synthetic compounds not found prior to modern times. Due to an incomplete elimination in wastewater treatment plant （WWTP） 
residue of contaminants are found both in waste and surface waters.    Many of these compounds provide a means of identification 
sources of inputs and pathways of movement of chemicals through ecosystem.
In respect to this, one of priority tasks is to determine the environmental distribution of organic pollutants in the surface waters. 
Both anthropogenic and naturally occurring compounds are found mixed together in recent environmental samples and several of 
these compounds may be used as tracers to study natural processes affecting the fate and effects of chemical contaminants in 
water. 
Objective. In the south-eastern of Europe there is little information on river water status 1 . The existent data refers at some metal 
trace in very critical sites, general quality studies by analyzing the benthic macrofauna but information on anthropogenic organic 
pollutants as individual compounds is limited to only few emerging contaminants 2 . Therefore a systematic structural investigation 
of individual molecular pollutant present in environmental water at regional level is crucial.
The present paper purpose is the Mass Spectrometric （MS） characterization of organic pollutants to evaluate the degree of 
contamination of the river waters in high populated catchments from South-Eastern of Europe. The samples were collected from 
few places along of the Prut River, Border River between Romania and Republic of Moldova. In the Prut Basin live more than 1000 
000 inhabitants.
Methods. The samples were collected by three techniques： a） grab sample, b） using composite sample devices and c） by 
passive samples devices.The GC/MS analyses were performed using a Thermo Electron Polaris Q mass spectrometer operated in 
EI mode to 70 eV. The gas chromatograph was equipped with a capillary column HP- 5 MS （30x0.25mm） with 0.25film thickness. The 
temperature was programmed from 90 0 C to 315 0 C. 
Results. The families of pollutants was visualised by chromatograms on diagnostic ions （base ion or ion of high intensity and 
molecular ion） 3 . A systematic study of individual compound as structure and quantity in region of border Romania-Moldavia was 
done based on experimental data on a big number of samples. Also was established the environmental molecular markers as 
identification of source pollution. The molecular marker compounds will be used in the subsequent monitoring activities to obtain 
the complete image of the specific pollutantsin the Prut Basin in different seasons. An number of 67 of compounds were identified. 
The quantity of pollutants was calculated using isotopic labeled compounds. The structure and quantity of detected compounds 
are discussed in relation to sampling methods and collection places. The obtained profiles of pollutants are a function of their 
sources and reflect the industrial and domestic activities at regional level.

References：
［ 1 ］ Loos R. et al. EU-wide survey of polar organic persistent pollutants in European river waters. Environmental Pollution. 157, 561-
568 （2009）
［ 2 ］ Moldovan Z. et al. Environmental exposure of pharmaceuticals and musk fragrances in Somes River before and after 
upgrading the municipal wastewater treatment plant Cluj-Napoca, Environ. Sci. Pollut. Res. 16, S46-S54, （2009）
［ 3 ］ McLafferty F. W., Turecek F., Interpretation of Mass Spectra, Universities Science Books, Mill Valley, CA, 1993
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A Sensitive measurement of sucralose and acesulfame in inland and 
offshore waters around Japan by LC/MS and LC/MS/MS.
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Keywords:
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Novel aspects:
comprehensive research of sucralose and acesulfame K in environmental waters in and around Japan island

Abstract:
Introduction： Sucralose and acesulfame K are widely used artificial sweeteners, which are not likely to undergo a chemical 
transformation through not only natural processes but also biological reactors. Because of increasing consumption of sucralose 
and acesulfame K, the environmental behavior and the fate of the persistent sweeteners have been a concern. But the data are 
mostly limited to Europe, in particular northern Europe, and few other areas. Here we report the distribution of the artificial 
sweeteners in water in and around Japan islands. 

Method： River water samples were collected in areas around Lake Biwa and Lake Suwa. Seawater samples between northern 
Japan and Sakhalin were collected by auto sampling device equipped in a cursing ship. Sample water was prepared around pH 3  
for collecting sucralose （log Kow 0.78） by solid phase extraction （SPE）. For collecting acesulfame （log Kow -2.3） by SPE, 
dihexylammoniumacetate （DHAA） was added to the water sample neutralized with ammonium hydroxide. The river water 
samples were measured by LC/MS using dihexylammoniumacetate as an ion pair reagent in HPLC, and seawater were measured 
by LC/MS/MS with triethylamine in mobile phase. 

Results： Recovery efficiencies of sucralose and acesulfame from river water fortified with the sweeteners （every 5  ng/mL） were 
108% on average （RSD 2.4%） and 109% （RSD 6.8%）, respectively. Those of seawater fortified with the sweeteners （every 0.1 ng/
mL） were 103% on average （RSD 11%） for sucralose and 91% （RSD 5.1%） for acesulfame. 

River waters were sampled around Lake Biwa and Lake Suwa. The concentrations of sucralose and acesulfame in the 25 rivers 
around Lake Biwa were 1  - 960 ng/L （120 ng/L on average） and 18 - 1500 ng/L （220 ng/L on average）, respectively. The river of 
which the sweeteners’ concentrations were higher were tended to be higher in the biochemical pollution indexes such as TOC, 
BOD, COD, total-N, total-P. The concentrations of sucralose and acesulfame in the 5  rivers around Lake Suwa were 0.1 0.59 ng/L 
（2.4 ng/L on average） and 2.0 3.1 ng/L （0.29 ng/L on average）.

Seawater was sampled at 30 sites with GPS data, time and general water qualities. The concentrations of sucralose and 
acesulfame were 0.2 to 42 ng/L （3.0 ng/L on average） and 0.6 to 69 ng/L （9.0 ng/L on average）, respectively. The concentrations in 
seawater were almost one hundredth of those in river waters. Concentration ratios of sucralose to acesulfame in seawater were 
varied from 0.01： 1  to 11：1, which were almost similar to those in river waters （from 0.01： 1  to13： 1 ）. It is suggested that the 
concentrations between the two sweeteners had almost no relation to each other both in sea water and river water, and the 
behaviors of the two sweeteners might be different in environmental waters.

Acknowledgements： This research was kindly supported by the grant from the Sumitomo Foundation. The seawater samples 
were collected by Dr. Kunugi of Tokyo University of Science, highly sensitive LC-MS-MSLC/MS/MS measurements were taken by 
Mr. Takeda of AB Sciex Japan. The authors sincerely appreciate their contributions.
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Real-time ambient air monitoring using selected ion flow tube-mass 
spectrometry (SIFT-MS)
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Novel aspects:
Real-time monitoring （without sample preparation） for volatile organic compounds in the vicinity of an elementary school over an 
extended period.

Abstract:
Selected Ion Flow Tube Mass Spectrometry （SIFT-MS） is a real-time analytical technique that detects volatile organic compounds 
and certain inorganic gases down to part-per-trillion levels with no sample preparation. These characteristics mean that SIFT-MS 
can easily be applied to real-time detection of volatile organic air pollutants. This paper presents results from a air monitoring 
undertaken at Shu-Lin Elementary School in Taoyuan County, near Taipei, Taiwan R.O.C. from 19 to 21 July 2011. 

SIFT-MS uses chemical ionization reactions coupled with mass spectrometric detection to rapidly quantify targeted VOCs. VOCs 
are identified and quantified in real time from whole-gas samples based on the known rate coefficients for reaction of the 
chemically ionizing species （so-called reagent ions） with the target analytes. The soft chemical ionization used in SIFT-MS yields a 
smaller range of product ions than is common in electron impact mass spectrometry （as used by gas chromatography mass 
spectrometry （GC-MS）, for example）. Hence the need for gas chromatographic separation of the sample is circumvented, 
speeding sample throughput and providing instantaneous quantitation of VOCs. Use of several rapidly switchable reagent ions to 
independently quantify target analytes also greatly reduces interferences, markedly increasing the specificity of SIFT-MS versus 
other whole-gas analysis technologies.

The high-speed analysis provided by SIFT-MS allows the instrument to provide continuous monitoring. Concentration data were 
extracted from full scan data for 48 compounds, many of which had been previously identified at the site using GC-MS. A number 
of these compounds exhibited interesting trends over the sampling period, including toluene, C 3 -alkylbenzenes （e.g. mesitylene）, 
methanol, isopropyl alcohol, acetone and N,N-dimethylmethanamide. Measured concentrations range from sub-ppb to peak levels 
for methanol of nearly 250 ppb.
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Development of UPLC-MS/MS method with large volume injection for 
simultaneous determination of regulated pesticides in drinking water.
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Novel aspects:
Direct injection of large volume samples onto this system eliminated the need for sample preparation prior to analysis.This 
methods achieved good sensitivity,linearity,reproducibility for all targeted pesticides in regulation purpose.

Abstract:
Introduction

 Rapid and highly sensitive analysis of drinking water is essential for protecting human health and well-being. The assurance of 
clean safe drinking water has become more critical given the potential of accidental or international contamination, which has 
increased in recent years.
 Highly efficient water treatment processes allow for the effective removal of the majority pesticides that have entered water 
sources, however, drinking water regulations still require testing to ultra-trace concentrations.
 This requirement has led to multiple approaches for enriching samples before instrumental analysis, with solid phase extraction （ 
SPE ） prior to LC/MS/MS a popular choice. In addition to this online pre-concentration and large volume injection, using 
specialized injection systems have been employed to introduce samples to LC/MS/MS systems. These techniques have been be 
very successful, but can add time, resources, and complexity to analysis. 
 Cleaner aqueous samples, such as drinking water are highly compatible for direct injection onto a LC/MS/MS system, but large 
multi-analyte determinations require extremely fast systems with high-sensitive detection.
 In this study, 30 pesticides which was regulated as Complementary Items by Ministry of Health, Labour and Welfare （ MHLW ） in 
Japan, is targeted. The use of large volume direct injection for the rapid, precise, and high-sensitive analysis of these 30 pesticides 
in drinking water is developed.

Experimental

UPLC conditions
LC System： ACQUITY UPLC H-class, Run time： 10 min.
Column： ACQUITY UPLC HSS C18, 2.1 x 100 mm, 1.8 um
Mobile phase： 0.05 % HCOOH aq. / CH 3 OH gradient
Flow rate： 0.4 mL/min. Injection volume： 50 uL
MS conditions
MS System： Xevo TQD
Ionization mode： positive/negative switching
Capillary voltage： 0.5 kV, Source temp.： 150 &#8451；
Desolvation gas/temp.： 1000 L/Hr （ 400&#8451； ）, Acquisition mode： SRM

Results

Sample throughput
 Rapid this system separations allowed a high-throughput analysis with all pesticides of interest eluting before 6.5 min and total 
runtime of 10 min for each sample. 
 This system was operated with load-ahead enabled. This allows for the next sample to be ready to inject immediately after the 
previous sample has completed, which helps optimize instrument efficiency.

High-sensitive detection
 Detection of pesticides to lower concentrations was achieved using large volume injection into Xevo TQD. Up to 50 uL injection, 
there are not observed any deterioration of peak shape and separation. Amount of on-column pesticides with large volume （50 uL 
） injection was 10 times higher than normal （ 5  uL ） injection. Improvement of sensitivity which was performed to increase of 
injection volume is able to a few or several ppt level detection.



 This level of sensitivity allows detection of pesticides to 1 /100 of a desired value and is match for requirement of the regulation.

Linearity and Reproducibility
 External calibration （ point ） of target pesticides was performed at concentrations around the regulatory level for each pesticides. 
Good linearity was achieved for all compounds analyzed with typical coefficient of determinations （ r 2  ） of > 0.99. 
 According for the procedure of testing pesticides in drinking water, Reproducibility of this method was verified at 4  or 20 ppt 
concentrations. MHLW testing procedure mentioned in the method accuracy, Coefficient of variation （ CV ） at 1 /100 of each 
pesticides desired value, It should be 20% or less in principle. % RSD of all compounds were within permissible range.

Conclusion

 Direct injection of large volume samples onto this system eliminated the need for sample preparation prior to analysis. 
 This methods achieved good sensitivity and linearity, reproducibility for all targeted pesticides in regulation purpose.
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Novel aspects:
Novel GC-MS and LC-TOF-MS databases that can identify and quantify micropollutants in environmental and food samples without 
the use of standards are reported.

Abstract:
To thoroughly examine environmental pollution by chemicals, a large number of chemicals should be analyzed. However, because 
it is known that thousands of chemicals exist in the environment, it is very difficult to analyze all of toxic chemicals simultaneously 
because of the huge cost and the large amount of labor needed using existing methods. In order to solve this challenge, we have 
developed two Automated Identification and Quantification System with a Database （AIQS-DB） for GC-MS and LC-TOF-MS, which 
can measure a large number of chemicals without the use of standards. 
 In the AIQS-DB for GC-MS, GC retention times, calibration curves, and mass spectra of nearly 1000 semi-volatile organic 
compounds were registered, and the GC retention times of registered chemicals in actual samples were predicted from the 
retention times of n-alkanes measured before sample analysis. Differences between predicted and actual retention times were 
less than 3  s, an accuracy that is nearly identical to that obtained by analysis of standard substances. The reproducibility of 
quantification was examined on four GC-MS systems in four laboratories using 114 substances with a wide range of 
physicochemical properties and which are usually difficult to measure with a GC. 
 When the performance of a GC-MS passed the designated criteria, the reproducibility of quantification results of 47 substances 
was almost the same as that obtained by a conventional method that uses calibration curves prepared before sample analysis. 
Although the reproducibility of 42 substances was slightly lower than that by the conventional method, the reproducibility is 
reliable enough except for in cases that require a high reliability. However, the dispersion of results of 25 substances was large 
under the GC conditions used. The causes that affect the dispersion of quantification results are functional groups and the 
structure of molecules. The effects of the functional groups are hydroxyl amino > nitro group. The effects of the number of them 
are multiple > single. The position of them can also have different effects： farther > nearer. In the case of the structure of 
molecules, the effects are as follows： side chain > straight chain > single benzene > multiple benzenes. In terms of sensitivity, 
more than 90% of the chemicals in the AIQS-DB could be detected at a sensitivity sufficient for all practical purposes （100 pg or 
less）. 
 The AIQS-DB for LC-TOF-MS has been constructed according to the same concept as the GC-MS method. In order to measure as 
a large number of chemicals as possible, the combination of an ODS column and acetate buffer-methanol eluent （pH 6.8） and 
positive ionization were used. Retention times of chemicals in the AIQS-DB were predicted from relative retention times of internal 
standards. Differences between predicted and actual retention times were within +/- 30s as long as LC conditions were constant. 
From correct prediction of retention times and high-resolution mass spectra obtained by TOF-MS, identification of chemicals can 
be consistently performed. Quantification values are also constant as long as LC conditions are constant； reproducibility （RSD） 
was less than 20%, which is slightly worse than the conventional method that calibration curves are prepared just before sample 
analysis. However, the value of simultaneous measurement of a large number of chemicals compensates for lower accuracy.
 Because each chemical in both AIQS-DB systems can be determined in 1  h, hydrophilic and hydrophobic micropollutants in 
samples can be measured efficiently and inexpensively by using both the AIQS-DB systems, and to which new substances can 
easily be added.
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Novel aspects:
high-throughput hyphenated instrumentation； SPME-LC for speciation, modified material for sample preconcentration and 
simultaneous speciation； selectivity modulation using ion-imprinting technique

Abstract:
In the vast subject of trace analysis, evolutionary instrumentation and material developments are the current trends to re-invent 
the definitions of sensitivity and selectivity in the field of elemental speciations, which in fact has become an indispensible tool for 
environmental management and clinical monitoring. In the world’s raising knowledge and demands for the quality of human 
health, the strategies of method development is conforming to the stringent requirements of analytical standards. A diversity of 
research work in this presentation aims to facilitate convenient execution of speciation protocols in routine monitoring processes. 
The novelty is exhibited at four levels, featuring high-throughput instrumental methods, simplified extraction with commercial 
tools, modified material for specialized applications and modulation of selective material with ion-imprinting technique. 
In the first of our presented work, seven species of these elements, namely Cr（III）, Cr（VI）, As（III）, As（V）, monomethylated 
As, Se（IV） and Se（VI）, were simultaneously determined by liquid chromatography-inductively coupled plasma-mass 
spectrometry （LC-ICP-MS） with dynamic reaction cell （DRC） that offers optimized sensitivity at sub-ppb levels to the selected 
elements. The high through-put of this method has fulfilled the hustle routine of environmental water analysis ［ 1 ］. 
Aiming at clinical monitoring application, the second part demonstrates a method of solid-phase microextraction-liquid 
chromatography （SPME-LC） developed for MeHg and EtHg speciation in complex biological matrix ［ 2 ］. Organomercury 
speciation in patients’ urine has revealed source and pattern of Hg exposure which should allow rapid diagnostic whereby 
appropriate clinical treatment can be applied. 
The third part presents a novel laboratory-made SPE column packed with tetrabutylammonium hydroxide-immobilized activated 
carbon （AC-TBAH） for Se（IV） and Se（VI） enrichment. The assigned anion-exchange functionality on the porous AC surface 
offered outstanding enrichment factors for ppt-level speciation with LC-ICP-DRC-MS ［ 3 ］. Speciation analysis in natural water 
samples further validated the robustness of the material which hence represents a low-cost substitute for anion exchange resins 
for routine applications.
Material design has been proven very useful for modulating selectivity for trace element analysis via the synthesis of ion-imprinting 
polymer （IIP）, such as one demonstrated in final part of the presentation. After a series of selectivity investigations, imidazole-
based arsenic imprinted polymer was selected for selective extraction and analysis of trace As ions in environmental application 
［ 4 ］. Tunable selectivity through monomer selection revealed a promising advantage of imprinting technique for future 
speciation method development. With growing maturity of speciation research, routine implementation in environmental and 
biological areas should make progress towards a sustainable human well-being. 

［ 1 ］ Y.-K. Tsoi, K. S.-Y. Leung, J. Anal. Atom. Spectrom. 25 （2010） 880.
［ 2 ］ Y.-K. Tsoi, S. Tam, K. S.-Y. Leung, J. Anal. Atom. Spectrom. 25 （2010） 1785.
［ 3 ］ Y.-K. Tsoi, K. S.-Y. Leung, J. Chromatogr. A 1218 （2011） 2160.
［ 4 ］ Y.-K. Tsoi, Y.-M. Ho, K. S.-Y. Leung, Talanta 89 （2012） 162.
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Novel aspects:
The objective of this study is to determine the occurrence of pharmaceuticals in river waters characterized by land use of their 
river basins, such as agricultural or urban areas.

Abstract:
In recent years, physiologically active substances （e.g., pharmaceuticals） detected in the water environment have become an 
emerging public concern. Human-use pharmaceuticals enter raw sewage via urine and feces or by improper disposal. These 
pharmaceuticals are discharged from private households and hospitals, and eventually reach wastewater treatment plants. If 
pharmaceuticals are only partially eliminated, residual quantities enter the water environment. However, little information is 
available about the occurrence of pharmaceuticals in river water. The objective of this study is to determine the occurrence of 
pharmaceuticals in river waters characterized by land use of their river basins, such as agricultural or urban areas.
 We conducted sampling on six fine days at two stations of a river in an agricultural area （St.1 and St.2） and two stations at a river 
in an urban area （St.3 and St.4）. The catchment areas of each sampling site are 4.6km 2  （St.1）, 4.1km 2  （St.2）, 3.9km 2  （St.3） and 5.4km 2  
（St.4）. About 90 % of land utilization of the catchment area of St.1 and St.2 consists of rice field, dry field, artificial forest, and 
broadleaf forest. Land utilization of the catchment area of St.3 and St.4 consists of a residential area （38% and 36%）, school zone, 
open space, dry field, native grassland and artificial forest （54% and 56%）, respectively. The catchment area of St.1 and St.2 is an 
unsewered area, and St.3 and St.4 are partly sewered areas. The percent of sewered population of the catchment area of St.3 and 
St.4 is 74% and 31%, respectively. The populations of each sampling site are 1,062 persons, 407 persons, 25,71 persons and 28,171 
persons for St.1, St.2, St.3 and St.4, respectively. The population densities of the river basins are 231 persons/km 2  of St.1, 99 persons/
km 2  of St.2, 6,594 persons/km 2  of St.3 and 4,661 persons/km 2  of St.4.
 The analytical method of pharmaceuticals for river water samples is as follows： first, a 200ml sample was filtered through a 0.7-μ
m pore size glass fiber filter. After filtration of the sample, solid phase extraction was performed using an Oasis HLB cartridge. 
Subsequently, the cartridge was eluted with methanol. After solvent removal, the residue was dissolved in acetonitrile/water 
solution, which was then analyzed by LC/MS/MS. The procedure demonstrated in this study is innovative in terms of simultaneous 
analysis of 92 substances.
 We identified a total of 48 substances （e.g., anti-inflammatory drugs, anti-epileptic drugs, antihypertensives, antibiotics, etc.） in 
river waters in agricultural and urban areas. The observed average concentration of pharmaceuticals ranged from 0.6ng/L to 14ng/
L, 0.2ng/L to 52ng/L, 0.2ng/L to 670ng/L and 0.4ng/L to 1,500ng/L for St.1, St.2, St.3 and St.4, respectively. The numbers of 
pharmaceuticals detected in surveyed rivers were different. We found 15, 25, 37 and 45 for St.1, St.2, St.3 and St.4, respectively. In 
agricultural areas （St.1 and St.2）, the numbers are much less than those in urban areas （St.3 and St.4）. And also, the 
concentration of detected pharmaceuticals in agricultural areas （St.1 and St.2） is lower than urban areas （St.3 and St.4） and more 
pharmaceuticals were detected in St.4 than in St.3, which might be caused by the insufficient and discharge of wastewater in the 
catchment area of St.4. The number of detected pharmaceuticals is large when the population density is large, which is assumed 
to be caused by the pharmaceuticals used in society. In agricultural areas, detected numbers of pharmaceuticals were much less 
than those in urban areas and the concentration of detected pharmaceuticals in agricultural areas was also lower than in urban 
areas.
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Application of tandem mass spectrometry for the structure confirmation 
of a wide range of peptides synthesized by cyanobacteria Woronichinia 
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Novel aspects:
The structure confirmation of a wide range of bioactive peptides synthesized by cyanobacteria Woronichinia naegeliana can be 
successfully performed using MS/MS.

Abstract:
Introduction
The eutrophication of water caused by human activity has influenced the increasing of mass appearance of cyanobacteria. The 
cyanobacterial blooms are undesirable because of ecological as well as health reasons. Cyanobacteria have a remarkable ability 
to synthesize and release into the water a wide range of bioactive secondary metabolites. Most of them are oligopeptides, which 
in terms of molecular structure are divided into linear （aeruginosins, microginins）, cyclic （anabaenopeptins, cyanopeptolins, 
microcystins, cyclamides） and multicyclic （microviridins）. Some of them have been recognised to cause accute or chronic toxicity 
and might be reasons for serious health problems, others could be an attractive resources for new drug discoveries. The 
determination of these compounds is of great significance because the cyanobacteria that produce them often occur in reservoirs 
of water designated for consumption. Woronichinia naegeliana （Unger） Elenkin is a species of cyanobacteria belonging to 
Chroococcales and is appearing increasingly frequently in fresh water areas worldwide. Outbreaks, particularly in late summer 
and autumn, have been confirmed in Europe, North America and Australia. However, to date its secondary metabolites have not 
yet been determined adequately. As a result of the potentially significant consequences that can result from a bloom of W. 
naegeliana, research has been undertaken to identify its secondary metabolites. Taking into consideration limitations of applicated 
analytical methods such a high performance liquid chromatography （lack of standards） and nuclear magnetic resonance （a high 
amount of sample is required）, only the using tandem mass spectrometry （MS/MS） with electrospray ionization allows to confirm 
structures of compounds synthesized by W. naegeliana with a high degree of specifity. 

Method
Field samples of Woronichinia naegeliana were collected from blooms in Dobczyce Reservoir （southern Poland）. The obtained 
extract from the lyophilized cyanobacteria cells was concentrated by solid phase extraction （SPE）. Separation and preliminary 
analysis of the samples were carried out using a high performance liquid chromatography system with photodiode array detector 
（HPLC-PDA）. The isolated fractions were analyzed with a mass spectrometer with an electrospray ion source （ESI-MS）. The 
positive-ion mode was applied. The scan range was m/z 200-1400 in the MS and MS/MS modes. Because purified standards of the 
majority of metabolites produced by cyanobacteria are not available for identification, confirmation of the identity of a given 
compound was done by interpretation of the MS/MS spectra.

Results and Discussion 
The obtained product ions were quite effective for the amino acid sequencing of linear as well as cyclic cyanopeptides. In the 
case of cyclic peptides, the characteristic fragment or series of fragment indicating the cleavages at definite peptide bonds were 
helpful for the interpretation of fragmentation pattern. On this base the peptides isolated from field samples of W. naegeliana fell 
into four classes： microginins （microginin 757, microginin 91E, microginin FR3, microginin FR 4 ）, cyanopeptolins （cyanopeptolin B, 
cyanopeptolin C, cyanopeptolin D, cyanopeptolin 880, micropeptin 478-B, micropeptin 88D）, anabaenopeptins （oscillamide B） and 
microcystins （trace amounts of microcystin-LR）. The molecular masses of the determined metabolites range from 700 to 1100 Da. 
The particular groups of structurally related compounds showed similarity of the fragmentations patterns. These results confirm 
the usefulness of MS/MS for the determination of linear and cyclic cyanopeptides with a high structural diversity.
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A search for active ingredients in cigarette smoke that modify significant 
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Keywords:
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Novel aspects:
We found out that active ingredients in CSE readily react with Tyr to form various Tyr derivatives containing a new compound, 
suggesting that cigarette smoke can modify biogenic amino acids.

Abstract:
Cigarette smoke contains a number of toxic chemicals, many of which contribute to the pathogenesis of smoking-related diseases 
such as chronic obstructive pulmonary disease, vascular disease and cancer. Modification of biomolecules by the harmful 
chemicals present in cigarette smoke is thought to mediate the adverse health effects of smoking. The chemical analysis of such 
active ingredients in cigarette smoke is one of the most challenging tasks for analysts, and extensive work has been done using 
many analytical techniques. Despite such work, there have been no reports regarding the analysis of reaction products from the 
compounds incigarette smoke and functional biomolecules.
 The purpose of this study is to search for biomolecules modified by active ingredients in cigarette smoke. We tried to identify the 
products formed by reaction of gas-phase cigarette smoke extract （CSE）, from which nicotine and tar had been removed, with 
L-tyrosine （Tyr） on the assumption that Tyr is a key target amino acid in proteins for cigarette smoke toxicity. A highly sensitive 
LC/MS/MS system was utilized for detection and identification of trace amounts of there action products. We also tried to identify 
and quantify the active ingredients in CSE by GC/MS or LC/MS.
 CSE was prepared by bubbling into phosphate-buffered saline （PBS） （ 1  mL per three cigarettes） the main stream of smoke （gas 
phase） from which the particulate phase including tars and nicotine had been removed 99.998% by passage through a Cambridge 
filter. The pump flow rate was kept constant （ 1  L/min） and smoke was bubbled only for 1  min after lighting a cigarette. The 
resulting solution was designated the 100 % CSE solution and stored at -80&#8451； until it was used. AQuattro Premier triple-
quadrupole LC/MS （Micromass, Manchester, UK） with an ESI source was used for the positive and negative ion mode Q 1  scan 
and MS/MS analysis coupled to the Alliance HT 2795 Separations Module （Waters Co., Milford, MA, U.S.A.）. Amass spectrometer 
（Automass SUN, JEOL Ltd., Tokyo, Japan） equipped with a GC （6890N, Agilent Technology Inc., Santa Clara, CA, U.S.A.） was used 
for identify and quantify the active ingredients in CSE.
 We found that CSE readily reacts with Tyr at body temperature （37&#8451；） to form various Tyr derivatives, which can be 
detected using a LC/MS and LC/MS/MS. From among these derivatives, we could identify two acetylated compounds, N-acetyl-
Tyr and O-acetyl-Tyr, and a new compound, Mr251 （Tyr+70）.
 Next, to identify and quantify the compound of Mr 251 （Tyr+70） in CSE we used GC/MS analysis. We found that two peaks 
indicate Mr 70 from m/z 70 chromatogram of CSE. From the result of the library search of their mass spectra, we identified the 
peak for t R  9.5 min as crotonaldehyde and the peak for t R  6.3 min as methyl vinyl ketone, as candidate ingredients. These retention 
times were the same as those of their respective authentic samples. Thus, to clarify the structure of compound Tyr+70, the 
authentic crotonaldehyde and methyl vinyl ketone were directly reacted with Tyr at 37&#8451；. The reaction products were 
analyzed by LC/MS in the SRM mode. The peak of compound Tyr+70 appeared on the SRM spectra of the mixed solution of Tyr 
and methyl vinyl ketone, but was hardly detected on that of the mixed solution of Tyr and crotonaldehyde. The analytical data of 
compound Tyr+70 synthesized by reaction of methyl vinyl ketone with Tyr completely agreed with those of compound Tyr+70 
obtained by reaction of CSE with Tyr. This indicates that methyl vinyl ketone in CSE reacts with Tyr to produce compound Tyr+70. 
The structure of compound Tyr+70 was identified as N-（ 3 -oxobutyl）-Tyr［ 3 -（ 4 ’-hydroxyphenyl）- 2 -（ 3 “-oxobutylamino）
propanoic acid］.
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Development of smoke diagnostic assays: When the smoke clears, will it 
end up in the wine bottle?
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Novel aspects:
The newly developed methods based on the analysis of grapes and wine for phenolic glycosides induced by smoke exposure 
were proven to be sensitive and reliable as smoke diagnostic assays

Abstract:
Smoke from forest/bushfires across winemaking regions in Australia as well as overseas has caused much concern among grape-
growers and winemakers. Wines made from smoke-affected grapes have been described as ’smoky’, ’dirty’, ’ashtray’ and ’burnt’. 
To aid purchasing, harvesting and winemaking decisions following a smoke event, winemakers and grape-growers clearly need 
reliable diagnostic strategies to assess the impact of smoke exposure in grapes as early as possible, ideally before harvest. 

Measurement of the smoke marker compounds guaiacol and methylguaiacol in grapes has been commonly carried out as the 
smoke diagnostic assay and can identify severely smoke-affected samples. However winemakers have reported increasing 
numbers of wine samples developing undesirable smoke-related characters during and after winemaking, even when grape 
guaiacol concentration was as low as natural abundance. Additional challenges are that guaiacol can be found in non-smoked 
grapes as a natural component, and is extracted from toasted oak, so interpretation of wine data is complicated. These 
observations strongly suggested that the better smoke marker compounds to assess the extent of smoke exposure on grapes and 
wine were needed.

To find new smoke marker compounds and develop practical and reliable smoke diagnostic assays, various mass spectrometric 
techniques were applied to the following experiments；
· analysis of smoke generated by a forest fire to find major smoke components
· uptake of the major smoke components by grapes
· metabolism of the major smoke components in grapes 
· identification of metabolites of the major smoke components in grapes
· extraction of the metabolites from grapes to wine
· evaluation of the metabolites as smoke marker compounds
· development of methods for the quantification of the metabolites used as smoke diagnostic assays

As a result, various glycosidic forms of guaiacol, methylguaiacol, syringol, methylsyringol, o-, p- and m-cresol, and phenol were 
selected as smoke marker compounds. Advantages of the use of these glycosides were as follows；
· when a grapevine is exposed to smoke, the amount of the volatile phenols taken up by grapes can be related to the intensity 
and duration of smoke exposure 
· once taken up by grapes, the volatile phenols are rapidly metabolized into their more stable and non-volatile glycosidic forms 
· the smoke induced glycosides persist and accumulate in grapes until the time of harvest, therefore, the amount of the grape 
glycosides can be correlated to the intensity of smoke exposure, and possibly also used to quantify extended or repeat smoke 
exposure
· the phenolic glycosides are not present in non-smoked grapes and are also not found （unlike free guaiacol） in oak in significant 
concentrations；
· the phenolic glycosides are easily extracted into wine and act as a pool of precursors to release volatile phenols during alcoholic 
and/or MLF fermentation, aging, and storage. This implies that measurement of phenolic glycosides can be used to estimate the 
potential of grapes to produce smoke-related taints after fermentation and at the time of consumption.
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Novel aspects:
This report is the first detailed study on DRAT mass spectrometry of pharmaceuticals containing various functional groups in TLC-
DART/MS.

Abstract:
Thin Layer Chromatography （TLC） is one of the most popular chromatographic methods and widely used as separation and 
purification techniques in a variety of fields such as pharmaceutical science, forensic medicine, organic synthetic chemistry, 
botanical science and environmental analysis. TLC is an inexpensive and easy operation method in comparison to high-
performance liquid chromatography （HPLC）, gas chromatography （GC） and capillary electrophoresis （CE）. However, the 
identification of compound by TLC analysis often becomes difficult because of its low specificity. To dissolve this problem, mass 
spectrometry （MS） has been generally used for identification of compounds separated on a TLC plate. In the previous time, the 
structural elucidation by MS analysis has been carried out after extraction of the target compound from a TLC plate. This off-line 
TLC-MS method is the relatively much time-consuming technique. Thus, various ionization modes have been investigated to 
analyze the compounds on TLC plate directly, so far the following ionization techniques have been utilized in a direct sampling 
TLC-MS analysis； Fast atom bombardment ionization method （FAB）, Matrix associated laser desorption ionization method 
（MALDI）, Electrospray ionization method （ESI）, Desorption electrospray ionization method （DESI）, Direct analysis in real time 
ionization method （DART）, and so on. 1) 

 Among the direct sampling TLC-MS analyses, TLC-DART/MS seems a relatively easy method if a target compound is not non-
volatile, because the ionization of compound on a TLC plate can be performed under atmospheric pressure without solvents and 
matrixes. However, it is relatively difficult and inconvenient to cut a glass type of TLC plate to a narrow width strip （below 
ca.10mm） after separation of samples on a TLC plate. A new type of DART ion source was introduced in 2009, which allowed the 
angle of DART gas stream to be adjusted. The new model shall make it easy to access to more wide surfaces compared with the 
conventional DART ion source （horizontal type）. 2) 

 On the other hand, the only protonated molecules ions have been discussed in the majority of publications on DART mass 
spectrometry. In the case of TLC-DART/MS, there are few publications about the detailed investigation on DART mass spectra of 
compounds containing different functional group. 3)  Therefore, we started investigation about the characteristics of the DART mass 
spectrometry to use the TLC-DART/MS method for analysis of pharmaceuticals and personal care products （PPCPs）.
 At the first time, we selected the typical pharmaceuticals containing various functional groups, which occurred as the major 
PPCPs in aquatic environments. Most of compounds were obtained by extraction with methanol from the ethical pharmaceutical 
products, if necessary, were purified by re-dissolving with acetonitrile and/or solid-phase extraction. The silicagel60 F 254  and RP- 2  
F 254  were used as normal-phase and reverse-phase TLC plates, respectively. Both of them were a glass type of TLC plates （20 X 20 
cm, stationary-thickness： 0.25 mm） purchased from Merck. The glass strips （100 mm X ca.10 mm） were prepared by cutting TLC 
plates and washed by development of methanol in a glass developing chamber. After the sample solutions were prepared in a 
concentration level of 0.1 to 5  mg/mL using appropriate solvent, a portion of 1  or 2  μL was applied on a TLC plate using a glass 
capillary. DART-MS system consisted of DART-SVP-100 （IonSence） for ionization of samples and Accu-TOF mass spectrometer 
（JMS-T100LC, JEOL） for acquisition of mass spectral data.
 In this conference, we will present the information on DART mass spectrometry of pharmaceuticals spotted on normal- and 
reverse-phase TLC plates.

Reference
1 ） Sy-Chyi Cheng, et.al., J. chromatogr. A, 1218, 2700-2711 （2011）
2 ） E.S. Chernestsova, et.al., Rapid Commun. Mass spectrum., 25, 2275-2282 （2011）
3 ） E.S. Chernestsova, et.al., J. Anal. Chem., 66 （13）, 1348-1351 （2011）
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Novel aspects:
The distributions of PCB congeners in SSL were described. The concentration profiles of PCB congeners in the liver and blubber 
were different among males, females and fetuses.

Abstract:
Introduction
 PCBs still have been the major contaminants in the marine mammals at the top of the marine food-web. Especially, liver and 
blubber were thought to be most accumulative organs of PCBs in their body. The high risks of PCBs on the immunity obstruction 
and the cacochymia in marine mammals are feared. Therefore, more detail survey about PCB congeners in marine mammals is 
necessary. 
 In this study, PCB congeners in the liver and blubber of Steller sea lion （Eumetopias jubatus： SSL） from the coastal Hokkaido, 
Japan were measured by HRGC-HRMS to describe the distribution of PCB congeners in the males, females and fetus of SSL.
Materials and Method
 The liver and bluber samples of SSL were obtained from commercial fishery-related control killed and bycatch animals at the 
Shakotan area and Nemuro Strait, Hokkaido, Japan, during winter season in 2008 and 2010. These samples were measured by an 
isotope dilution method with  13 C-labeled internal standard substances. The liver samples of eight males, two females and three 
fetuses were analyzed. The blubber samples of four males and three females and three fetuses were analyzed. These samples 
include three pairs of mother and fetus.
Results and Discussion
 In the males, #153 （in IUPAC#） was predominated in the both organs of the liver and blubber, followed by #138, #99 and #118. The 
concentration levels of #28, #31, #177 and #199 were appeared to be considerable differences between these tow organs. It 
seemed that each organ had specific accumulative property of PCB congeners. The total PCB concentrations （ΣPCBs） of males in 
the liver and blubber were 3,100±1,300 ng/g-fat and 3,000±830 ng/g-fat, respectively. 
 Between genders, the concentration profiles of major congeners in the blubber were differed, significantly. Meanwhile in the liver, 
there were no obvious differences in the congener profile between the male and female. In general, gender differences depend on 
the experience of pregnancy and lactation. ΣPCBs of the female in the liver and blubber were 1,200±810 ng/g-fat and 910±410 ng/
g-fat, respectively. ΣPCBs in female were 61%-71% less than in males. 
 We analyzed PCBs in the liver and blubber from three pairs of mother and fetus to describe the detail profiles and to compare 
the concentrations between them. In the blubber, #153 and #138 were dominated congeners except one fetus. The major 
congeners in the blubber and liver of fetus were #153, #138 and #118 except one fetus. The average of ΣPCBs in the liver and 
blubber of the fetus was 710±430 ng/g-fat and 1,600±900 ng/g-fat, respectively. It was explained that ΣPCBs in the blubber of fetus 
was about 27%-85% higher than those of mother. These fetuses already have been contaminated during gestational period. It was 
thought that the concentration levels of these fetuses might depend on each mother’s PCB levels.
 The concentration profiles of congeners in the liver and blubber were different between the liver and blubber of males, the 
blubber of genders, each pair of mother and fetus. The level of ΣPCBs in male SSL from Hokkaido was as the same level as the 
report in 14 years ago （Kim et al.,1996）. The PCB levels of congeners in SSL from Hokkaido showed how PCBs still remained in 
marine environment of the coastal Hokkaido. More investigations of PCB congeners in SSL are needed to study the mechanism of 
the accumulation and metabolism.
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Novel aspects:
During activated sludge treatment, sulfate conjugation that is one of the phase II reactions observed as mammal’s drug 
metabolism may occur in CAM.

Abstract:
The occurrence of antibiotics in aquatic environments is of ecotoxicological concern because of potential ecosystem alteration. 
Prolonged exposure to low doses of antibiotics leads to the selective proliferation of resistant bacteria, which could transfer the 
resistance genes to other bacteria species. Since most antibiotics used in human treatment are eventually disposed of with 
wastewater, wastewater treatment plants play a key role in removing antibiotics and preventing them from reaching the receiving 
water bodies.
Clarithromycin （CAM） is a half synthetic macrolide antibiotic which is induced from the antibiotic erythromycin. In Japan, CAM has 
been detected at low microgram / liter in some untreated wastewater samples. It is understood that CAM is one of the drugs that 
has ecological risk in aquatic environments. In most of the investigations reported to date, the efficiency of CAM removal during 
wastewater treatment is determined by measuring the disappearance of the parent compound. But little attention has been given 
to the identification and quantification of transformation products formed during wastewater treatment.
In the present study, the activated sludge treatment that was the typical wastewater treatment method was reproduced in the 
laboratory, and screening of major metabolites of CAM was conducted. To investigate the microbial degradation of CAM in the 
aeration tank, a batch reactor （ 5  L） loaded with freshly collected activated sludge from the municipal wastewater treatment 
plant was spiked with the parent compound at a concentration of 20 μg/L. Negative control experiments （without CAM, with 
activated sludge） and abiotic experiments （with CAM, without activated sludge） were also performed. For the screening of 
metabolites of CAM using the liquid chromatography / tandem mass spectrometry （LC/MS/MS） system equipped with an 
electrospray ionization （ESI） source, the samples were pre-concentrated by solid-phase extraction.
Analysis of samples from batch cultures with activated sludge revealed the formation of a metabolite with m/z 828 （retention time 
of 15.70 minutes） using LC / （+） ESI-MS ［corresponding to protonated molecule （M+H） + ］. This metabolite was not observed in 
negative control and abiotic samples, suggesting that this peak is unique to the biotransformation of CAM in the presence of 
activated sludge. The protonated molecule of this metabolite （m/z 828） is hereinafter termed as M828. Because CAM was detected 
at m/z 748 （retention time of 15.35 minutes, hereinafter termed as P748） as the protonated molecule （M+H） + , M828 increased 80 
units more than P748. To facilitate identification of M828, fragmentation studies on P748 and M828 were performed by LC / （+） ESI-
MS/MS. A minimum fragment ion to which 80 units shifted in the fragment ion of M828 compared with the fragment ion of P748 was 
m/z 238. This fragment ion corresponds to fragment ion m/z 158 of P748. There is a possibility of causing the shift of 80 units in M828 
with desosamine because fragment ion m/z 158 of P748 is derived from desosamine, which is one of the sugars that composes 
CAM. Results from the analysis of LC / （-） ESI-MS reveal that m/z 826 was detected only with the sample from the batch culture 
with activated sludge ［corresponding to deprotonated molecule （M-H） - ］. The deprotonated molecule of CAM was not detected. 
Hence m/z 826 in a negative ionization is presumed to be a deprotonated molecule of a metabolite of CAM, which corresponds to 
M828 in a positive ionization. A negative ionization is often caused by the elimination of protons in the acid group. One possible 
biotransformation that causes the change of +80 units is sulfate conjugation. During activated sludge treatment, sulfate 
conjugation that is one of the phase II reactions observed as mammal’s drug metabolism may occur in CAM.
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Novel aspects:
The quantitation of unknown emerging organic contaminants with a chemometric model based on partial least squares regression 
equations, which were built up using six commercial steroid standards.

Abstract:
An increasing variety of chemical compounds including pharmaceuticals, personal beauty products and insect repellents are 
offered daily to consumers. The final destination for most of these compounds is the environment as raw compounds and their 
metabolites, some of which are potentially hazardous for the environment. In order to speed up the process of regulation and 
assessment of environmental threats, it is essential to develop rapid and efficient methods for the analysis of these contaminants. 

In this study, exhaustive sample preparation method was first developed for the determination of steroidal species in the 
wastewater samples aiming at the clarification of the distribution of free and conjugated steroids in wastewater and suspended 
particles. Special emphasis was put on the applicability of comprehensive two-dimensional gas chromatography coupled with 
time-of-flight mass spectrometry （GCxGC-TOFMS） to screen steroidal contaminants in wastewater. Although the resolution and 
sensitivity of GCxGC-TOFMS is superior over those of conventional GC-MS techniques, the lack of available commercial standards 
can hinder the usefulness of the technique, especially if the goal of the analysis is the quantitation of the identified compounds. 
Several approaches based on the use of surrogates can be found in the literature for the quantitation of compounds identified by 
MS, but frequently they lack the accuracy. In this study a new approach based on partial-least-squares regression （PLSR） was 
developed for the quantitation of emerging steroidal compounds in water and sludge samples taken from the largest wastewater 
treatment plant of Finland.

Six commercial steroidal compounds injected to the GCxGC-TOFMS at seven concentration levels ranging from 0.1 to 10 ng, were 
used as reference compounds for the development of the PLSR equation, which was successfully exploited for the determination 
of more than 40 steroidal compounds present in the analyzed samples.
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High-Resolution Tandem Mass Spectrometry Analysis of the Interactions 
of Oligonucleotides with Selected River Basin Specific Pollutants
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Keywords:
Oligonucleotides, organic micro-contaminats, high resolution tandem mass spectrometry, micro-flow liquid chromatography, non-
covalent interactions

Novel aspects:
For the first time the reactivity of selected organic micro-contaminants towards oligonucleotides was assessed using high 
resolution electrospray ionization tandem mass spectrometry combined with the micro-flow liquid chromatography.

Abstract:
Since a great number of organic compounds are annually released into the environment, the necessity to assess in a timely 
manner the potential risks associated with these chemicals along with the products of their environmental transformation is of 
high priority. In order to reduce the number of candidates for full-scale animal studies, potential toxicity of the compounds of 
interest can be rapidly assessed in simplified model systems. In this study we employed high resolution electrospray ionization 
tandem mass spectrometry （ESI-TOF/MS/MS） along with micro LC-ESI-TOF/MS to study interactions of selected river basin 
pollutants with model nucleic acids. The micro-contaminants were chosen in the context of the European Union Water 
Framework Directive （EU WFD） based on the assessment study for 500 organic substances observed in the four European river 
basins of the Elbe, Scheldt, Danube and Llobregat. 
 Two AB SCIEX LC-MS systems were used in this study： a hybrid linear ion trap-triple quadrupole system and a hybrid quadrupole-
time-of-flight instrument with Turbo V™ sources and Electrospray Ionization （ESI） probe in the negative ion mode. A high pressure 
micro-flow LC system was utilized for chromatographic separation. Interactions of two decameric oligonucleotides （ODNs）, d（ 5 ’
-GCGCATGCGC- 3 ’） and d（ 5 ’-GCGCGCGCGC- 3 ’） with diazinon, diuron, alachlor and bis（ 2 -ethylhexyl）phthalate were 
investigated in the direct infusion mode and with the micro-flow LC separation. The AB SCIEX PeakView TM  software with a 
prototype oligonucleotide fragmentation interpretation tool was used for the data analysis.
 In this study we examined the interactions of two self-complementary decameric ODNs with four river basin specific pollutants. 
ESI-MS/MS analysis of the incubation mixtures of diuron with two selected ODNs indicated the formation of 1 ： 1  adducts of 
both single-stranded oligonucleotides at a molar ratio of 10 or higher. Collected high resolution MS and MS/MS data were used to 
confirm the elemental composition of the ions of interest as well as to gain an insight into the structure of the adducts. 
Tandem mass spectrometric measurements of the 1 ： 1  adducts of diuron with both single-stranded ODNs demonstrated that 
their dissociation proceeds via the loss of a neutral diuron molecule at a relatively low value of the laboratory frame collision 
energy. When highly negatively charged diuron：ODN adducts （charge states of 5 -, 6 - or 7 -） were exposed to the collision-
induced dissociation （CID） we have also observed a competing charge-separation channel to produce a deprotonated diuron 
moiety and an oligonucleotide ion in （n- 1 ）- charge state with n=5,6,7 respectively. Based on this observation we hypothesize a 
non-covalent mode of binding in the 1 ： 1  complexes. Under the studied experimental conditions we did not detect diuron 
adducts with the ODN duplexes. 
 The results of the experiments performed with the studied ODNs and diazinon were similar to those observed for diuron-
containing species. However, the formation of the 1 ： 1  adducts was observed at a higher excess of diazinon （50-fold or higher）. 
CID measurements of the diazinon adducts demonstrated an earlier （compared to diuron） CID onset which indicates a weaker 
binding with the ODNs. No detectable adducts of alachlor with either ODNs were formed even at 1000-fold excess of the 
compound. 
 This study has demonstrated an elegant application of high resolution tandem mass spectrometry combined with the micro-flow 
liquid chromatography for rapid screening of the reactivity of high priority environmental contaminants toward DNA models.
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Keywords:
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Novel aspects:
Congener specific formation of OH-PCB with UV-light in silica gel or without light in soil

Abstract:
Hydroxy polychlorinated biphenyl （OH-PCB） is one of an intravital metabolite of polychlorinated biphenyl （PCB）. Many cases 
about measurement OH-PCB in biological samples were reported and they pointed out that some of the isomer has an affect on 
thyroid hormone action or female hormone action. In the case of environmental samples Sakiyama et al. 1)  indicated the presence 
of OH-PCB in aqueous environment and bottom sediments. The result suggests that PCB is also hydroxylated in environment by 
physicochemical reaction or metabolic reaction of living organisms.
 At our previous research 2)  on the actual situation of OH-PCB in the soil there are correlations between the OH-PCB concentrations 
and the PCB concentrations regardless of whether the soil is contaminated. We also reported that OH-PCBs are formed from 
mixture of PCBs （KCmix） under various conditions. No report is available that actually researched about the formation mechanism 
of OH-PCBs from dominant PCB congeners. In order to confirm the mechanism of OH-PCB formation, we selected 10 dominant 
congeners of PCB （#3, #12, #26, #31, #52, #101, #118, #153, #180, #209） as parent to hydroxylate under two conditions as follows. The 
first was irradiating UV-light to the silica gels, and the second was keeping the soils under light-shielding with addition individual 
PCB congeners. The OH-PCBs formed in the test samples were pretreatment through several steps and then methylated for 
analysis. The methoxy-PCBs were detected based on mass spectra characteristics after gas chromatography separation. In 
addition, they were identified by comparing their retention characteristics with methoxy-PCBs those were methylated from the 
available OH-PCB standards provided by reagent manufacturer （47 congeners） and Okumura synthesized （80 congeners）. We 
present the new findings about congener specific formation of OH-PCB that will be the help for the following studies on OH-PCB in 
environmental samples.

Reference literature
1 ） 16th Symposium on Environmental Chemistry, Sakiyama et al., 408-409 （2007）
2 ） 17th Symposium on Environmental Chemistry, Shimase et al., 480-481 （2008）
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High Resolution LC-MS for Screening and Quantitative Analysis of 
Antibiotics in Drinking Water using an Orbitrap and Online Sample 
Preparation

Jonathan R Beck, Dipankar Ghosh, Charles T Yang
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Keywords:
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Novel aspects:
High resolution mass spectrometry plus online pre-concentration to screen, quantify and confirm 27 antibiotics in water samples at 
low ppb levels

Abstract:
Most current methodologies for the quantitation of antibiotics in drinking water revolve around analysis using triple quadrupole 
platforms with offline sample preparation. The method described here utilizes LC-MS（/MS） with a Orbitrap instrument using high 
resolution accurate mass and online sample preparation. This work will describe a method to do screening and quantitation of 27 
antibiotics at ppb and sub ppb levels in drinking water using online pre-concentration together with high resolution accurate mass 
confirmations of the compounds.

A standard curve containing 27 compounds was spiked in neat solution ranging from 100 pg/mL levels to 250 ng/mL levels was 
injected in triplicate and screening of different water samples （municipal tap water and bottled water） was analyzed for a 
targeted list of the 27 compounds. The sample was also screened for other possible unknown pesticides compounds. The 
spectrometer was set to a resolving power of 70,000 （FWHM） at m/z 200 in full MS mode to minimize matrix interferences, and 
data dependant all-ion-fragmentation （AIF） was collected to quantify and qualify. The data was then compared to a current MS/
MS library for confirmation, and calibration curves were generated for the individual target compounds.

Calibration lines were generated for the compounds analyzed, and the limits of detection （LOD） varied from 100pg/mL to 500pg/
ml based on the individual compounds based on a 1  mL injection. For confirmation of each compound, the exact mass of the 
compound, its isotope pattern and as well as the MS/MS spectrum produced were collected and compared against a 
fragmentation library which prevented “false positives“ in the results. One of the main challenges using a high resolution accurate 
mass system is data mining. In this work we will show the data to screen, quantify and confirm in a single run therefore, spending 
less time on the instrument for repeat runs. Furthermore, the online pre-concentration step allows for low detection limits of these 
compounds without the time consuming steps of offline solid phase extraction of 1 L sample volumes.
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Keywords:
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Novel aspects:
Presented is a fast screening and confirmation method, applied to UK river waters, using UHPLC-IT-TOF with software （MetID） to 
aid in rapid and relatively straightforward interpretation of large data files

Abstract:
The extensive environmental distribution of emerging contaminants and their potential ecotoxicological effects at very low 
concentrations has attracted increasing interest amongst researchers, regulatory authorities and the public worldwide. Emerging 
organic contaminants constitute a diverse set of compounds including pharmaceuticals and personal-care products （PPCPs）, 
drugs of abuse and their metabolites, polar pesticides and their degradation/transformation products, perfluorinated compounds 
（PFCs） and organophosphorous flame retardants. The attention given to these contaminants is warranted as, amongst a number 
of reasons, many of these contaminants are relatively small molecules which may not be effectively removed during drinking water 
treatment.
Typically multi-residue methods by tandem mass spectrometry provide routine analysis in identifying emerging contaminants due 
to their sensitivity and selectivity. These are however limited to unit resolution and have low sensitivity in full scan. For these 
reasons the employment of high resolution mass spectrometry has become increasing popular in environmental analysis using full 
scan. Time of flight technology offers the possibly of accurate mass and isotope distribution analysis of targets compounds, 
however without specialist software, typically data analysis can be labour intensive.
In this study we address the discussed challenges by presenting a fast screening and confirmation method using UHPLC-IT-TOF 
（Shimadzu Corporation） with software （MetID, Shimadzu Corporation） to aid in rapid and relatively straightforward interpretation 
of large data files. 
River water was collected from a major river in the UK and screened for the presence of over 100 emerging organic contaminants. 
Samples were extracted using Oasis HLB cartridges. UHPLC separation was achieved using a Kinetex XB-C18 100 x 2.1mm column, 
with 0.2 % formic acid in both the aqueous and organic （methanol） phases, and separated by binary gradient over 25 minutes. 
LCMS-IT-TOF data was acquired in the mass range 70-900 Da in both positive and negative ionisation modes using fast （100ms） 
polarity switching. 
Preliminary data indicated several organophosphorous flame retardants were detected in addition to pharmaceutical compounds 
and an insect repellent compound. With these preliminary identifications, comparison to authentic standards will enable final 
confirmation without the expensive task of purchasing authentic standards for all possible screened compounds.
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Novel aspects:
Limited information about degradation of pentachlorobenzene, a newly POPs, by white rot fungi and its metabolite products

Abstract:
Introduction: Pentachlorobenzene is used as an intermediate in particularly the fungicide pentachloronitrobenzene. It has also 
been used as fire retardant. This compound was added in 2009 to the list of POPs compounds covered by the Stockholm 
Convention. Considering pentachlorobenzene potential negative effects, it is necessary to address the environmental persistence 
of this pesticide and to develop effective methods for remediation by miroorganisms. White rot fungi are well known for their 
outstanding ability to produce extracellular oxidative enzymes e.g. lignin peroxidase （LiP）, manganese peroxidase （MnP） and 
laccase, which are involved in the degradation of either lignin than a wide range of pollutants include pentachlorobenzene. Other 
non-ligninolytic enzymes may participate in the transformation of pentachlorobenzene. The objective of these studies is to screen 
the fungi from nature having ability to degrade pentachlorobenzene on solid medium and in liquid medium, to investigate the 
enzyme activities secreted by selected fungi and to investigate the major metabolic products. 

Experiment: Fungi screened from nature were inoculated for 7  d on a malt extract agar medium containing 1  mg 
pentachlorobenzene. Liquid culture experiment was conducted using 20 ml of malt extract medium in a 100 ml Erlenmeyer flask. 
After inoculation fungus for 7  d, 0.1 mM pentachlorobenzene solution was added and then incubated for 15 and 30 d. After a 
period of culture, the sample was extracted using ethyl acetate and purified using silica gel column chromatography eluent with 
hexane：dichloromethane （ 3 ： 1 ）. The concentrate dissolved in toluene was analyzed by GC-MS Shimadzu QP-2010 equipped 
with a TC- 1  column （30 m, id： 0.25 mm）. The carrier gas was helium delivered at a constant flow rate of 1.5 ml/min with column 
pressure of 100 kPa and interface temperature of 120 °C. The temperature program was started at 120 °C for 1  min, raised 20 °C/
min to 180 °C, then 2  °C/min to 210 °C, then 5  °C/min to 310 °C, and maintained at 310°C for 3  min to allow the eluting peak to 
exit the column. For enzyme activity analysis, after period culture, the extracellular fluid was collected, filtered through a 0.2 µm 
membrane filter and measured by using Spectrophotometer. Enzymes that checked were laccase, MnP, LiP, 1,2 dioxygenase and 2,3 
dioxygenase. For investigation of metabolic products, the samples were extracted with ethyl acetate and then the identification of 
metabolic products was performed in comparison with authentic standards.

Results and discussion: Cultivation of 4  fungi screened from nature on solid medium containing pentachlorobenzene indicated 
that growth of the fungi was obtained maximum of 100 % growth by 10th to 15th d. On solid medium, U80 showed the most-
degrading pentachlorobenzene fungus. In liquid medium, U80 degraded pentachlorobenzene at 63% on 30 d. All enzymes tested 
were produced by U80 during pentachlorobenzene degradation which the high enzyme activity were obtained in dioxygenase and 
LiP. By comparing retention times and mass spectra with standard compounds by GC/MS, U80 produced 5  metabolite products. 
Pentachlorobenzene was initially dechlorinated to form tetrachlorobenzene, which was converted to trichlorobenzene, 
dichlorobenzene and chlorobenzene. Dechlorination was occured by presence of LiP. Moreover, dichlorobenzene could form 
4 -chlorophenol or 2,4-dichlorophenol. Dichlorophenol could be identified as a metabolite from dichlorobenzene or a product of 
dichlorobenzene dihydrodiol decomposition. It was caused by monooxygenase or dioxygenase because the initial attack on 
dichlorobenzene at the 1  or 2  position could form 4 -chlorophenol or 2,4-dichlorophenol.
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Novel aspects:
The thermal products of chlorpyrifos were identified to be its polymeric species containing a wide variety of structural isomers 
with different binding sites of chlorine atoms.

Abstract:
Introduction
Chlorpyrifos （O,O-diethylO-3,5,6-trichloropyridin- 2 -yl phosphorothioate） is an organophosphate insecticide that inhibits 
acetylcholinesterase and is used to control insect pests. Chlorpyrifos have been used in the lawn on a golf course. It was used for 
termite control as chlordane alternatives. Sakiyama et al. have reported that 2,3,7,8-TCDD- N-analogue is formed in pyrolysis 
experiments of chlorpyrifos by GC/HRMS analysis. 1  We should consider carefully burning scrap woods of houses contaminated by 
chlorpyrifos. It is suggested that the influence appears. In this study, the further thermal products are examined by LC/FTMS and 
the thermal degradation pathways are proposed.

Methods
All pyrolysis experiments were carried out in sealed brown glass ampoules （10 ml） with about 2  mg of chlorpyrifos and 
3,5,6-trichloro-pyridinol （3,5,6-TCP） at temperature between 300 °C and 380 °C. After cooling to room temperature, the ampoules 
were opened carefully and the reaction products were extracted with toluene. The toluene was concentrated to 1  ml under 
gentle nitrogen stream. The thermal products of chlorpyrifos and 3,5,6-TCP are analyzed with an Exactive orbitrap mass 
spectrometer（ThermoFisher Scientific Inc.） equipped with positive electrospray ionization（ESI） probe and Accela LC system 
（ThermoFisher Scientific Inc.） with a column of Inertsil ODS- 3  5 um 2.1×250mm （GL Science）. The best LC separation for the 
thermal products was achieved using （a） ammonium acetate aqueous solution （ 5 mM） and （b） acetonitrile for the gradient 
conditions.

Result and discussion
 Analysis of chlorpyrifos after thermal treatment at 300 ~ 380 °C was performed by LC/FTMS. The peak intensity of 3,5,6-TCP （m/z= 
195.91） was found to increase with decrease in that of chlorpyrifos. The results indicated that the formation of 3,5,6-TCP was 
probably due to the heating of chlorpyrifos. In addition, the thermal treatment of 3,5,6-TCP showed that the intensity of dimer, 
trimer and tetramer ions increased as the peak intensity of 3,5,6-TCP decreased in the mass spectra. The analysis of separation 
behavior for the LC-MS chromatogram indicated that these polymeric species contained some structural isomers. The new finding 
obtained from the present LC/FTMS measurements is that the heating of chlorpyrifos generates its oligomers by polymerization. 
The oligomers are shown to have a wide variety of isomers with different binding sites of chlorine atoms. 

1 ）Sakiyama T, Weber R, Behnisch P, Nakano T, PreliminaryAssessment of Dioxin-Like Compounds In/From Chlorpyrifos - A 
PotentialPrecursor of the Pyridine Analogue of 2,3,7,8-TCDD, Organohalogen compounds： Vol. 73, 146-149 (2011)
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Novel aspects:
HBCDs regional contaminations in Nagoya city were revealed by measuring river waters, sea waters, sediments, fishes and breast 
milks.

Abstract:
1,2,5,6,9,10-hexabromocyclododecane stereoisomers （HBCDs） are used as flame retardants in thermal insulation building materials, 
upholstery textiles, and electronics. Since 2004, the production and use of pentamix- and octamix- polybrominated diphenyl ethers 
（PBDEs） have been restricted in Europe. HBCDs might be used as an alternative for PBDEs, and are the second highest-volume 
brominated flame retardants （BFRs） used world wide, after tetrabromobisphenol A. Because of the widespread use and the 
physical and chemical stability, HBCDs are now ubiquitous contaminants in the environment. In Nagoya city, HBCDs were 
frequently measured in environment. It is required to reveal their environmental distribution, behavior and time trends. 
Here we report the concentrations of HBCDs in water, sediment, and biological samples, and analyze the biomagnification 
potential, the stereoisomer profiles, and the time trends.
Analysis was undertaken by liquid chromatography/ tandem mass spectrometry （LC/MS/MS） on a diastereoisomer basis. Ninety-
three samples （22 of river and sea water samples, 27 of sediment samples, 24 of fish and shellfish samples, and 20 of breast milk 
samples） in Nagoya city were measured.
HBCDs were detected in 18 water samples, of which concentrations of total isomers ranged from 0.4 to 280 ng/L. γ-HBCD 
dominated over the other isomers in water samples. Similarly, sediment samples were dominated by γ-HBCD, which was 
detected in all samples, ranged from 0.2 to 27 ng/g-dry. Time trend analysis by boring sediment core samples in Nagoya port 
showed a remarkable increase in HBCD concentrations since about 2000. This might be reflected by changing use of HBCDs from 
PBDEs according to regulation of EU on the production and use of two PBDEs.
In fish and shellfish samples, the maximum HBCDs concentration was about 5 -10 times that reported in earlier Japanese studies. 
α-HBCD was the predominant isomer of HBCDs and was found in all the samples in levels from 24 to 6300 ng/g-lipid. On the other 
hand, γ-HBCD was predominant in some samples, and the isomer patterns of HBCDs were similar to those in industrial products. 
Samples in which γ-HBCD concentrations were higher might be collected near the source. 
In breast milk samples, α-HBCD was also predominant in HBCDs and was found in all samples in concentrations from 1.5 to 13 ng/
g-lipid. The concentrations of HBCDs in the samples of the same person decreased from 7  to 1.5 ng/g-lipid during 9  days to 300 
days of post parturition.
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LC/MS/MS determination of hair-dye ingredients in products, water and 
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Novel aspects:
Human exposure and environmental release of hair-dye ingredients were examined by developing measurement method by LC/
MS/MS.

Abstract:
Introduction：Over 5,000 different chemicals are used in hair-dye products, some of which are reported to be carcinogenic and/or 
allergic. Aminophenol, diaminotoluene, aminocresol and resorcinol are well used and hazardous ingredients of hair-dye. The 
authors developed an LC/MS/MS method for simultaneously determining the hair-dye ingredients and applied it to the estimation 
of human exposure and environmental release of the ingredients.

Methods：
（ 1 ） measurement of the chemicals in shampoo and rinse water
After coloring, the hair was shampooed with one push （16g） of shampoo bottle. Then the hair was rinsed with water （ 5 L）, which 
was collected in a plastic bucket. A hundred milliliter of the rinsed water was loaded to Solid Phase Extraction Cartridges （C18 
and Oasis MCX plus were combined in series）. The elute with methanol （ 5 ml） from C18 and the elutes with methanol （ 5 ml）, 
ammonia/methanol solution （ 1 /19, 5 ml） from Oasis MCX plus were separately concentrated to near 0.5ml under nitrogen gas 
stream. The concentrates were diluted with acetonitrile, filtrated and prepared in 2 ml for LC/MS/MS analysis.
（ 2 ） measurement of the chemicals in urine.
Within 24 hours after coloring the hair, all the urine were separately collected in glass bottles and stored in cool box. Every ten 
milliliter of urine was diluted with 40ml of water, and applied to the SPE. Samples were prepared with similar way to above.

Predominant result：
（ 1 ） determination of hair-dye ingredients in shampoo and rinse water
For the SPE method development, five kinds of SPE cartridges were examined, i.e. Slim-J PRS, AC-2, NEXUS, HLB and MCX. 
Although good recovery was not obtained with any of them, MCX had a potential to collect hydrophilic hair-dye ingredients by 
connecting it with other SPE cartridge. It was the best in the recoveries to connect C18 cartridge upstream of MCX. With the series 
connection of C18 and MCX, the recoveries of 5 -amino-o-cresol, 2,5-diamino-toluene, p-amino-phenol and resorcinol spiked in 
shampoo and rinse water had improved from 15.5% to 96%, from 39% to 76%, from 21% to 56%, and 0 % to 28%, respectively. An 
effect of pH on recovery was examined, because the MCX performs the best under pH 3 &#65374；4. But it was concluded that 
higher recovery efficiency was obtained under pH value of 9.5 than that of 3.
A shampoo and rinse water sample was analyzed at 0, 2, 4, 8  and 24 hours afterward. The examined hair-dyes were two kinds, i.e. 
black and golden. The ingredients of the dyes differ to each other； 2,5-diamino-toluene and p-amino-phenol are contained in the 
black dye, and 5 -amino-o-cresol, p-amino-phenol and resorcinol are in the golden. With progress of time, the concentration of 
every substance decreased. In particular p-amino-phenol which was contained in golden hair-dye showed remarkable decrease in 
concentration from 4  hours after the shampoo. And as for resorcinol, the rate of the decrease was much slower than that of 
others. Further study is required to pursue the persistence of resorcinol.

（ 2 ） determination of hair-dye ingredients in urine
It is still under examination. Because of many impurities in urine, more efficient sample preparation method is required. .
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Novel aspects:
The simultaneously fractionation method followed by LC/ToFMS/MS was developed. The exact masses of product ions and 
precursor ions were analyzed by using MetFrag.

Abstract:
Introduction：
Environmental pollution by chemical substances has been a serious problem. In our daily life the various types of chemical 
substances are used and wasted. The authors aim to develop a method comprehensively separating chemicals according to their 
properties and qualifying them with LC/Q-ToFMS/MS. Here we report a qualitative analysis of a leachate from irregular waste 
dumping area by a provisional qualification method with LC/Q-ToFMS/MS. 

Methods ：
To separate a variety of chemicals, a solid phase extraction （SPE） method using C18 cartridge followed with ion exchange 
cartridges （Oasis MAX, WAX, MCX, WCX） was developed. Chemicals collected in the SPE cartridges were fractionated with the 
way as follows； Two liter of water sample was loaded into C-18. Substances collected in C18 were eluted with 10mL of methanol. 
The water passed through C18 was divided into four equal parts of 2 L. The every 500mL of C18 passed fraction was separately 
loaded into Oasis MCX, MAX, WCX and WAX. From the MCX and the WAX, collected substances were eluted with 10mL of 
methanol/ammonium solution. From the MAX and the WCX, collected chemicals were eluted with 10mL of methanol/formic acid 
solution. All the fractions were concentrated to 2 mL in volume and served for accurate mass measurement using LC/Q-ToFMS/
MS. 
The exact mass spectra were analyzed with ’MetFrag’ （Leibniz-Institut für Pflanzenbiochemie） by ways as follows； the elemental 
compositions of intact molecular ions were analyzed with the mass accuracy of better than 3  ppm. Then molecular structures 
that agree with the elemental composition were extracted from ’ChemSpider’ （chemical structure database by UK in the 26 million 
structures） and the structures of which predicted fragments match the sample spectrum （with mass accuracy of better than 6  
ppm） were chosen.. Chemicals in a leachate from irregularly dumped waste were qualified by the method written above.

Predominant result：
Hundreds or more candidates of chemicals were extracted by simply eliminating chemicals of which intact molecular ions didn’t fit 
the mass spectra with the mass accuracy of better than 3  ppm. It could be possible to identify some chemicals from the sample 
mass spectra with the combination of the product ion analysis with mass accuracy of better than 6 ppm. In a leachate from 
irregular waste disposal site, pharmaceuticals, flame retardants, surfactants and other chemicals were found； VALGANCICLOVIR 
（0.28ppm Antiviral agents）, Etodroxizin dimaleate （1.91ppm Sedative ）. Phosphoricacid-tris-（ 2 -butoxyethyl） （0.75ppm）, 
Dimethylaminophenol （2.19ppm Resin hardener）and a polyethoxylate ［-OCH 2 CH 2 -］ surfactant were found. The LogP values of the 
substances above were ranged from-1.27 to 3.50. 
The phosphorus-based flame retardant would be from industrial waste. The pharmaceuticals might be from a different source 
from industrial wastes. The presented method is provisional until it has been validated with various environmental samples.
With the presented SPE method, hydrophilic and hydrophobic substances could be simultaneously collected, fractionated and 
qualified by LC/Q-ToFMS/MS.
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Novel aspects:
Contamination of PFCs in Osaka-bay has been insufficient information.This research presented the characteristic distribution and 
the change of concentrations of PFCs in Osaka-bay.

Abstract:
Perfluorinated compounds （PFCs） have been widely used by various consumers and industrial products for over 50 years. PFCs 
are used for various products commencing with surface protectors in carpets, paper, packaging, and fire fighting foams. However, 
PFCs, such as perfluorooctane sulfonate （PFOS） and perfluorooctanoic acid （PFOA） have been found to be persistent, 
bioaccumulative, and toxicant Furthermore, many studies have been reported on global distribution of PFOS, PFOA and the 
homologues, such as perfluorinated carboxylic acids （PFCAs） and perfluorinated alkyl sulfonates （PFASs）. PFCs have been 
detected in human bloods, biota, sea water, and remote areas such as the Arctic.
 In Japan, PFCs contamination, especially PFOA, in Keihanshin area （the area over Osaka prefecture, Kyoto prefecture, and Hyogo 
prefecture） were recognized by many studies. On the other hand, fluoro resin manufacturers and fluoro resin suppliers are 
reducing emissions and product content of PFOA, precursors, and higher homologues based on the USEPA’s “2010/15 PFOA 
Stewardship Program“. Some companies are using PFCs of C 6  such as Perfluorohexanoic acid （PFHxA） as alternative materials. 
Composition of PFCs in the environment may change reflecting these activities. In addition, serum half-life in rats and monkey and 
some toxic properties of PFHxA was lower than PFOA. Therefore, it is considered that risk of PFHxA is smaller than PFOA.
 In this study, to confirm the concentration and composition of PFCs in the coastal region of Osaka-bay, Japan, total of 12 PFCs, 
which were PFOA, PFOS and the homologues, were investigated. The coastal region of Osaka-bay is one of the main densely-
populated and industrial areas in Japan. It seems that the concentrations of PFCs in the sea reflect emission from points and/or 
non-point source of the coastal land area. The sea water samples were collected in 2008, 2009, and 2010. The samples were stored 
in 4 °C until analysis. The sample was extracted by a solid phase extraction cartridge. The loaded cartridge was eluted by 
Methanol. The eluted solution was concentrated to 1 mL. The final solution was carried out by using liquid chromatography （LC）
-tandem mass spectrometer （MS/MS）. The analysis was conducted using negative electrospray ionization with multiple reaction 
monitoring. 
 PFHxA and PFOA were detected in all samples. Concentration of PFHxA ranged from 11 to 760 ng/L. Concentration of PFOA 
ranged from <MQL to 62 ng/L. Composition ratio of PFHxA was dominant in all samples. The concentrations in the coast had been 
reported few ng/L or few hundred ng/L by other studies. The concentrations of PFHxA and PFOA in this study were of similar 
value to other literatures. However, the concentration of PFCs in pacific, which had been considered that there is no influence 
from defined source, had been reported few pg/L or few ten pg/L. It seems that there is discharge of PFCs from the coast to the 
sea. Additionally, as for the characteristics of spatial distribution of PFCs, concentrations at closed-off section were high. PFCs 
might be discharged from closed-off section. Concentrations of PFHxA were increased by one order of magnitude from 2008 to 
2009. It seems that amount of the discharge had mounted in around 2008.
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Novel aspects:
The fragmentation and ionization mechanisms of PAN was theoretically elucidated. This helps us to guess the major NICI/MS 
fragment ions of unidentified PANs.

Abstract:
Atmospheric photochemical reactions of non-methane hydrocarbons （NMHCs） and nitrogen oxides （NO x ） produce wide variety 
of peroxyacyl nitrates （PANs, RC（O）OONO 2 ）. They transport NO x  far downwind to affect the photochemistry in remote areas. 
PANs affect adversely on human, and their mutagenic activities are species-dependent. Recently, negative ion chemical ionization/
mass spectrometer （NICI/MS） was reported as a sensitive and selective detector for PANs. On the other hand, their exlosive and 
thermally unstable nature makes it difficult to synthesize their authentic standards. In this study, the behaviors of peroxyacetyl 
nitrate （PAN, CH 3 C（O）OONO 2 ）, the most common class of PANs, in the NICI/MS source was investigated by means of 
computational chemistry study to fully understand the production mechanism of the dominant ions by means of density functional 
theory and semi-empirical molecular orbital calculations. 
 The NICI process was initiated by the electron attachment on PAN. The resulting PNA -  seemed highly unstable with respect to 
the O-O bond dissociation. Besides, the O-N bond seemed also dissociable for PAN -  at the Frank-Condon state. The possible 
neutral products from the two dissociation channels were electrophilic, and therefore could capture additional electrons to ionize 
in the NICI/MS source. Accordingly, NO 3 

 - , NO 2 
 - , CH 3 C（O）O - , and CH 3 C（O）OO -  were possible product ions during the NICI/MS 

analysis of PAN.
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Novel aspects:
Some PCB congeners showing irregular composition profile were found in some pigments, and becoming social concern. Analyses 
of inadvertent PCBs contained in consumer goods were carried out.

Abstract:
Although production and use of polychlorinated biphenyls （PCBs） were banned in early 70s in Japan, safe storage and disposal of 
PCBs are still social concern. In addition to that, “irregular“ PCB congeners, showing different composition from PCB products, 
were found unexpectedly in wastewater （ 1 ） followed by in air and river water （2, 3 ）, giving rise to another social and technical 
concern. The origin of such “irregular“ congeners has been studied and elucidated （ 2 ）； they are from polychlorobenzidine dyes 
and production process thereof and released to the environment finally. 
 Among 209 PCB congeners, 3,3’-dichlorobiphenyl （PCB 11） and 2,5,2’,5’-tetrachlorobiphenyl （PCB 52） are the most typical 
inadvertent ones. These congeners in some organic pigments showed different composition profile from the one seen in ordinary 
PCB products. This means that some portion of PCBs found in the environment may be the byproducts of pigment. Little attention 
had been paid for them until recently, though US Code of Federal Regulations pointed out the unintentional formation of such 
byproducts in the yellow pigments in 1979 （ 4 ）.
 Based on such a background, Japanese Government placed an official request for emergency survey of PCB content as for several 
certain pigments against manufacturers and importers thereof in February 2012 （ 5 ）. Several consecutive actions have been 
undertaken so far.
 From a point of risk management, it is more important to know the exact congener composition than to know total PCB content, 
as every congener has its own toxicity varying from the top to the bottom. For such a precise purpose, powerful high resolution 
GC-MS is preferably used instead of conventional GC-ECD, because GC-ECD, often used for PCB determination in electrical 
condenser oil, cannot differentiate congener peaks.
 Organic pigments have replaced traditional Cadmium Yellow aiming to avoid cadmium, and they are now used for wide variety of 
industrial products as well as daily consumer goods. It is quite rational to think “Do yellow retail products carry such congeners?“ 
Some analytical results are available in the literature （ 6 ）, however ordinary consumers may know very little about the material 
composition of consumer goods. That is why upstream compound maker may have it closed with secrecy reason. Therefore we 
are somehow anxious about yellow stuff, whether it contains unintentional PCB congeners or not.
 Analyses of inadvertent PCBs contained in yellow consumer goods such as crayon, ink, paint, lacquer, adhesive tape and so on 
were carried out by utilizing capillary GC equipped with high resolution MS in this study. In comparison to the environmental 
samples such as air and water, sampling itself was easy as for consumer goods. However, it seemed to be difficult to construct 
typical one standard method so as to cover all samples we dealt. From an experimental viewpoint, clean-up protocol shall be 
modified case by case according to the property of test sample.
 Analytical results obtained are to be presented in this paper.
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Novel aspects:
The present study is to develop the fast and high sensitive methods for the analysis of OH-PCBs encompassing a wide range of 
homologues in blood sample using GC-LRMS （ECNI）.

Abstract:
Halogenated phenolic compounds are known to be strongly retained in human and wildlife blood. Among those compounds, a 
large number of hydroxylated polychlorinated biphenyls （OH-PCBs） have earlier been reported in blood from humans, terrestrial 
and marine mammals. 
 Some analytical methods, which employed mainly gas chromatography coupled to high-resolution mass spectrometry （GC-HRMS） 
using electron ionization mode （EI） have already been applied for OH-PCBs analysis. Although GC-HRMS （EI） can provide high 
sensitive and selective data, the instruments are extremely expensive for routine and high through-put analysis and require 
advanced technical skills for operation. A gas chromatography coupled to low-resolution mass spectrometry （GC-LRMS） with 
electron capture negative ionization mode （ECNI） is widely used analytical instruments in environmental chemistry. 
 The objective of the present study is to develop the fast and high sensitive methods for the analysis of OH-PCBs encompassing a 
wide range of homologues in blood sample by isotope dilution method using GC-LRMS （ECNI） analysis.
 In biota sample, extracts of human serum （ 2 - 3  g） and whole blood （10g） samples from human and wildlife were analyzed. 
Briefly, blood samples were denatured with 6 M HCl and 2 -propanol, and extracted with 50 % methyl t-butyl ether （MTBE）/
hexane.  13 C 12 -labeled PCBs as well as OH-PCBs were spiked as internal standards. The organic phase was partitioned into neutral 
（containing PCBs） and phenolic （containing OH-PCBs） fractions with KOH（ 1 M ethanol/H 2 O, 1 ：1, v/v）. The alkaline phase 
（containing OH-PCBs） was acidified to pH 2  with sulfuric acid and re-extracted with MTBE/hexane. OH-PCBs fraction was passed 
through non-activated silica-gel column chromatography. OH-PCBs were derivatized with trimethylsilyldiazomethane. The 
derivatized solution was further cleaned up by using activated silica-gel column. Identification and quantification of MeO-PCBs 
were analyzed by GC-LRMS （ECNI） and compared to GC-HRMS （EI）. 
 Firstly, we compared the instrumental detection limit （IDL） of OH-PCBs in GC-LRMS （ECNI） and GC-HRMS （EI）. The IDL was 
defined as 3  times the standard deviation （SD） of 5  replicate injections of a low concentration standard solution of OH-PCBs （ 1  
pg ml -1 ）. The IDLs were 4 ´OH-triCB29 （22 pg）, 4 ´OH-tetraCB79 （14 pg）, 4 OH-pentaCB107 （0.65 pg）, 4 OH-hexaCB146 （1.6pg）, 
4 OH-hexaCB159 （0.90 pg）, 4 ´OH-hepta-CB172 （0.81 pg）,4OH-heptaCB187 （0.57 pg） and 4 OH-octaCB201 （0.63 pg） by GC-ECNI-
MS analysis, and compared to 4 ´OH-triCB29 （0.82 pg）, 4 ´OH-tetraCB79 （0.56 pg）, 4 OH-pentaCB107 （0.34 pg）, 4 OH-
hexaCB146 （0.24pg）, 4 OH-hexaCB159 （0.23 pg）, 4 ´OH-hepta-CB172 （0.40 pg）,4OH-heptaCB187 （0.20 pg） and 4 OH-octaCB201 （0.52 
pg） by GC-HRMS （EI）. The sensitivity of penta- to octa- OH-PCBs determined using the GC-LRMS（ECNI） was in agreement with 
the GC-HRMS （EI） method. However, sensitivities of GC-LRMS （ECNI） to tri- to tetra- OH-PCBs of GC-LRMS（ECNI） were lower than 
of GC-HRMS （EI）.
 The recoveries of  13 C 12  labeled OH-PCB inblood samples were 61-113 %. The method repeatability was in the range 6.7-10.4% and 
0.6-2.5% relative standard deviation （RSD） for the GC-LRMS （ECNI） and GC-HRMS （EI） systems, respectively.
 In conclusion, the GC-LRMS （ECNI） and GC-HRMS （EI） systems were found to be equally well suited for determination for OH-
PCBs in biological samples at the pg-levels order of penta- to octa-OH-PCBs.
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Novel aspects:
Recovery of surrogate substance in PFOS analysis was investigated to improve current method, and the effect of chain length of 
perfluorinatedalkane on the recovery is to be discussed.

Abstract:
Perfluorooctane Sulfonate （PFOS） is one of the Perfluoroalkane Sulfonates （PFASs） and is also the terminal degradation product 
of many perfluoroalkyl compounds （PFCs）. Specific properties of PFCs such as water repellency, thermal stability, and surface 
tension lowering, made these compounds important both for commercial and technical aspects.
 As a consequence, PFOS having several emission paths to the environment had been broadly spread out over 50 years. Recently 
PFOS was designated and restricted as persistent organic compounds （POPs） by the Stockholm Convention on POPs （ 1 ）.
 In Japan, PFOS was specified to the first class chemical under the Chemical Substance Control Law followed by filing technical 
guideline for disposal of PFOS containing garbage in March 2011 （ 2 ）. Several kinds of standard analytical method using LC-MS/
MS （ 2 - 4 ） had been proposed for surface water prior to that. 
 Many papers pointed out the technical difficulties arising from the contamination owing to fluorine resin used for connectors or 
tubing material in the apparatus, even when clean water was analyzed （ 5 ）. 
 Other than contamination, we encountered different difficulties when we applied current analytical methods to the wastewater in 
the beginning of our study. We experienced low recovery of surrogate substance that was added to the sample to ensure the 
precision. Low surrogate recovery did not meet the requirements prescribed in the current analytical standards designed for 
surface water. 
 We found the reason for the difficulties. On one hand, it is known among the lab analysts that concentration of PFOS is prone to 
be decreased probably owing to the adsorption toward labware. But on the other hand, little attention was paid for the 
adsorption onto suspended solid （SS） in case of surface water, in spite of numerous efforts to develop sampling and analytical 
methods for PFOS, since SS content in surface water is generally enough low （ 6 ）. 
 Development of harmless disposal method undergoes, analysis of wastewater we concern shall be required. Proper care should 
be taken for adsorption on SS for the analysis of water containing high SS.
 Among elution conditions of PFOS, eluent composition was intensively investigated, and in addition we found both quality and 
quantity of SS affected on surrogate recovery, leading to an improvement toward current method. We would suggest the 
importance of SS remained on the filter upon analytical results. 
 The last portion of this study relates to the effect of perfluoroalkane chain length on the recovery, and results are to be discussed.
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Novel aspects:
The microbial volatile organic compounds emitted from fungi may be applicable to a notification of fungal growth in the 
environment in order to preserve cultural properties using MS or IMS.

Abstract:
Contaminations of fungi were found on the mural paintings in the famous Takamatsuzuka tumulus in Japan ［ 1 ］. Fungi often 
cause serious damage to cultural properties. The purpose of our work is to detect fungal growth by monitoring Microbial Volatile 
Organic Compounds （MVOCs） emitted from fungi at cultural sites. 
Ion Mobility Spectrometer （IMS） is suitable for on location measurements because it is portable. Furthermore, it is a powerful tool 
to simultaneously detect multiple compounds. However IMS alone cannot be used to identify these MVOCs. In order to identify 
these compounds, we also must use GC/MS. In this study, metabolites emitted by soil-derived fungi were analyzed using both Ion 
Mobility Spectrometry and Mass Spectrometry.
Alcohols, aldehydes and ketones were found as MVOCs in most of Aspergillusfumigatus, Aspergillus nidulans, Fusarium solani and 
Penicillium paneum. On the other hand, sesquiterpenes were found in only specific fungi. Because each fungal strain had a 
characteristic compound （sesquiterpene）, these compounds are useful in identifying their respective fungi. As the number of 
spores increased with the fungal cultivation period, it was found that the amount of these MVOCs, ketones, aldehydes and 
alcohols also increased. Therefore, 3 -octanone is suited to be an indicator of the size of fungi （fungal amounts） because of the 
positive correlation found between the number of spores and the amount of the compound. On the other hand, sesquiterpenes 
showed a peak of MVOCs at a particular period right before spore reproduction and therefore are useful to identify both fungal 
species and their reproduction periods ［ 2 ］.
Ion Mobility Spectra of volatile metabolites emitted from A. nidulans were measured using the IMS-MINI Ion Mobility Spectrometer 
（I.U.T. GmbH, Germany）. In the IMS driftgram of MVOCs from A. nidulans, a large peak appeared at 6.36ms which correspond to 
“Reaction Ion Peak“ （RIP）. From the assignment based on the comparison with GC/MS data analysis of MVOCs from A. 
nidulans cultivated under the same condition as samples measured by IMS； it was found that relatively smaller peaks appeared 
at 7.69, 8.31 and 9.68ms were assigned to phenyl acetaldehyde, 3 -octanone and bisabolene, respectively. A peak at 7.50 ms 
corresponds to 2 -octen- 1 -ol and 1 -octen- 3 -ol. The IMSdriftgram of volatile metabolites emitted P. paneum showed the peak 
corresponding to beta-Caryophyllene. This compound is one of sesquiterpenes and an unique MVOC for P. paneum. Therefore, it 
was concluded that P. paneum can be monitored using only a driftgram of MVOC from P. paneum.
The IMS drift time for these compounds was also calculated using Monte Carlo simulations.
The calculated drift time was consist with the experiments.
References
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Novel aspects:
BFRs in river waters, sediments, effluents and road-dusts near factories were determined by LC/MS/MS.

Abstract:
Introduction： Brominated flame retardants （BFRs） are widely used in plastics, rubbers, textiles and other products for fire 
protection, and are discharged into the environment through air emissions, water discharges, wastes and end products. In the 
previous studies, the authors found unexpected contaminations with BFRs in not only plastic products such as baby toys, chew 
toys and household products, but in road dust around the non BFR plastic moulding factories. Here we present a research 
predominantly taken place around factories by measuring BFRs in effluents, river waters, sediments and road dusts. 

Method： Waters, sediments and road dusts were collected in rivers, effluent water ways or road sides near the factories. Water 
samples were added with formic acid （500μL to every 500mL of water） and stored in cool and dark place. Sediment samples were 
collected in glass bottles and stored in freezer. Road dusts were sampled in glass bottles and stored in cool and dark place. 
Water sample was filtered and the filtrate was extracted by solid phase extraction （SPE） with C18 sorbent （Inert Sep C18, 500 mg） 
which was conditioned with methanol （ 5 mL） and distilled water （ 5 mL） in the order. The sample loaded cartridge was cleaned 
by flushing with 50%methanol （ 1 mL）, and then the target substances ware eluted from the cartridge with methanol （ 5 ml） and 
acetone （ 5 mL）. The residual suspended solids on the filter and the glassware used for sample preparations were rinsed in the 
order with acetone （ 5 mL） and dichloromethane （ 5 mL）, which were added to the C18 extract. The extract was concentrated 
with nitrogen, and the solvents were exchanged to acetonitrile followed by LC/MS/MS （with API3000）. Sediments and road dusts 
were extracted in the order with acetone （ 5 mL, two times） and dichloromethane （ 5 mL, two times）. The extract were 
concentrated and cleaned up by SPE with C18, and measured by LC/MS/MS.

Predominant result： ： The method recoveries were studied by analyzing five replicates of samples spiked with 
Hexabromocyclododecane （HBCD）, tetrabromobisphenol A （TBBPA）, tribromophenol （TBP） and bisphenol A （BPA）. Recoveries 
of HBCD, TBBPA, TBP and BPA were 63% with relative standard deviation （RSD） of 8 %, 102% with RSD of 17%, 98% with RSD of 12% 
and 106% with RSD of 4 %, respectively. It would be the reason for the lower recovery of HBCD （around 60%） that the HBCD is 
extremely hydrophobic substance, which might be adsorbed on the surface of glassware, SPE adsorbents and other hydrophobic 
materials.
In research of a dyeing processing factory, water concentrations of TBP and BPA were 1.3-6.3ppt and 9.0-950ppt, respectively. On 
the other hand, those of HBCD were lower than limit of detection in most samples excepting in the samples of the effluent and 
near the effluent discharge point.in a river. All other results will be presented in the poster.
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Determination of sulfonamides and tetracyclines in livestock wastewater 
using hybrid ion trap - time of flight mass spectrometer
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Keywords:
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Novel aspects:
Analytical method of sulfonamides and tetracyclines using hybrid ion trap - time of flight MS was described. Sample extraction was 
carried out with a HLB and a MCX cartridges.

Abstract:
Veterinary drugs are widely used in large quantities for treatment of disease or to promote animal growth. Nowadays, veterinary 
drugs are recognized as not only medicines but also as ’Newly Emerging Contaminants’ in the environment. The aim of this study 
is to monitor organic compounds in aqueous samples using Liquid chromatograph coupled to hybrid ion trap - time of flight mass 
spectrometer. The analyzed compounds were 3  sulfonamides （i.e., sulfathiazole, sulfamethazine, and sulfamethoxazole）, and 2  
tetracyclines （i.e., oxytetracycline and chlortetracycline） in samples from a livestock wastewater treatment plant （WWTP）. 
Sample extraction was carried out with a hydrophilic-lipophilic balance and a mixed-mode cation exchange solid phase extraction 
cartridges. Average recoveries of sulfonamides at fortification levels from 1.0 and 4.0 μg L -1  in effluent of a local domestic WWTP 
were 73-95 % and 89-104 % , respectively, while tetracyclines at 0.4 and 4.0 μg L -1  were 76-104 % and 101-107 % , respectively. The 
method detection limits were 22.8, 23.0, 25.8, 23.6, and 9.8 ng L -1  for sulfathiazole, sulfamethazine, sulfamethoxazole, oxytetracycline, 
and chlortetracycline, respectively. The maximum concentration of sulfonamide and tetracycline residues detected in samples 
were 49.5 and 4.1 μg L -1 , respectively. The developed method could be applied successfully to quantitate residual sulfonamides 
and tetracyclines in animal wastewater. The analysis of the samples showed that more than 90% of target pharmaceuticals were 
removed in the animal WWTP consisting of a biological process, a UF membrane, and a coagulation process.
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Novel aspects:
Dechlorane Plus was determined in environment samples for the first time in Japan.

Abstract:
Dechlorane Plus（DP） is a highly chlorinated flame retardant, was developed to replace Mirex（Dechlorane） that was banned in 
the 1970s. It is manufactured about 450 ton per year by Occidental Chemical Corporation （OxyChem） in the United States. In 2006, 
the first of sightings of this chlorinated flame retardant were in the Great Lakes region, and the investigation reports are increasing 
rapidly recently in the world, mainly in North America. More recently, a newly DP production facility was discovered in China. It is 
estimated that Chinese capacity of DP production has reached 2,000 ton in 2006.
 However, to our knowledge, no data for levels of DP in environmental samples were available in Japan. Therefore, we measured 
DP by using the GC / high resolution MS in EI mode, and identified this compound in the environmental samples collected from 
Japanese urban area. DP was detected in house dust, deposit of the window frame, road sediment, garden soil and sediment 
samples at concentrations ranging from 2.9-42ng/g-dry,240-270ng/g-dry, 74-150ng/g-dry, 1.7ng/g-dry, 17-140ng/g-dry, respectively. 
Further, we showed the mean of anti-DP fractional abundance （f anti ） value in these Japanese samples was 0.65, 0.83, 0.80, 0.81, 0.81, 
respectively. This compound had not been identified in the environment of Japan before our report. In this conference, we will 
indicate the detailed additional data of DP in surface sediment samples of the urban river in Japan.
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Novel aspects:
A rapid multi-residue screening method was developed for the 180 veterinary drugs and their metabolites using a UHPLC-MS/MS.

Abstract:
A rapid multi-residue screening method was developed for the simultaneous analysis of about 180 veterinary drugs and their 
metabolites using a ultra-high-performance liquid chromatograph coupled with tandem mass spectrometer （UHPLC-MS/MS）. The 
screened veterinary drugs belonged to amphenicols, anthelmintics, benzimidazoles, β-lactams, coccidiostats, ionophores, 
macrolides, non-steroidal anti-inflammatory agents, quinolones, sulfonamides, tetracyclines and tranquilizers. The drugs were 
extracted from bovine, porcine, and chicken muscle samples with acetonitrile water （ 4 ：1, v/v） containing 2  mM ammonium 
formate, and the extracts were applied to the dispersive solid phase extraction and n-hexane clean-up procedure. Reverse-phase 
LC separation was accomplished on a C 18  column and gradient elution with a mobile phase consisting of （A） water containing 
0.1% formic acid and （B） acetonitrile containing 0.1% formic acid. The method had a chromatographic total run time of 5  min. The 
separated compounds were detected with a Shimadzu LCMS-8030 tandem quadrupole mass spectrometer operating with an 
electrospray ion source （ESI） in positive and negative switching mode by applying a time scheduled multiple reaction monitoring 
of 2  or 3  transitions. The developed method was validated according to the EU Commission Decision 2002/657/EEC for a 
quantitative screening method. All the validation data, such as the mean accuracy, the repeatability, the within-laboratory 
reproducibility and the detection capability, CC β  accuracy were within the required limits.
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Novel aspects:
An analytical method for screening and confirming of 30 pharmaceuticals in water and wastewater samples was developed using 
a UHPLC-MS/MS.

Abstract:
A rapid and reliable LC-MS/MS method was developed for the simultaneous identification, confirmation and quantification of 30 
pharmaceuticals in water and wastewater samples. Two distinct chromatographic conditions were used according to the polarity. 
The method used sub two micron size C18 and hydrophilic interaction chromatography columns. The separated compounds were 
detected with a Shimadzu LCMS-8030 tandem quadrupole mass spectrometer operating with an electrospray ion source （ESI） in 
positive and negative switching mode by applying a time scheduled multiple reaction monitoring of 2  or 3  transitions. The 
analytical performance of the method was evaluated for sample collected from a local domestic wastewater treatment plant. 
Sample extraction was carried out with a hydrophilic-lipophilic balance and a mixed-mode cation exchange solid phase extraction 
cartridges. To minimize the matrix effect, matrix-matched standards were analyzed in a wastewater effluent. Under the study, all 
compounds gave good sensitivity over a level of ng L -1  with r 2  values of 0.99 or greater. Average recoveries of all compounds at 10 
and 1,000 ng L -1  were about 54-105%.
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Novel aspects:
The nanomaterial-assisted electrospray ionization offers a high specific and high throughput screening for trace analysis.

Abstract:
Functionalized nanomaterials assisted electrospray ionization for ananlysis of ultraviolet absorbers in urine was developed in this 
study. The electrospray was performed with high voltage on a laboratory-made screen-printed plate with coating a layer of silver 
or graphite. The ultraviolet absorbers studies in this study are including 3 -（ 4 -methylbenzylidene）-camphor （ 4 -MBC）, 
2 -ethyl- 4 -（dimethylamino）benzoate （OD-PABA） and 2 -hydroxy- 4 -（octyloxy）-benzophenone （BP-12）. The analytes were 
extracted with nanomaterials that included iron oxide-coated silicon dioxide nanoparticles, multiwall carbon nanotubes 
（MWCNTs） and graphene oxide （GOx） was dipped on the screen-printed substrate to evaluate the effect on the ionization 
efficiency. After extraction, the extract or nanomaterial without doing any desorption. From the results, the MWCNTs can enhance 
the intensity of the signal detected and short the analytical time. This technique demonstrates that the nanoparticles assisted 
electrospray ionization offers a high specific and fast screening in trace analysis.
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Novel aspects:
The laboratory-made immobilized-multiwalled carbon nanotubes （I-MWCNTs） in hollow fiber liquid-phase microextraction （HF-
LPME） combined with LC-MS for analyzing diuretics in urine.

Abstract:
Diuretics, which increase urine flow from the kidneys, are used for treatment of heart conditions, liver, kidney and lung disease, 
generally to reduce salt or water retention. The Medical Commission of the International Olympic Committee （IOC） included 
diuretics as a banned substance since 1986. This study was to evaluate a sample treatment technique using immobilized-
multiwalled carbon nanotubes （I-MWCNTs） in hollow fiber liquid-phase microextraction （HF-LPME） combined with liquid 
chromatography-mass spectrometry for diuretics analysis in urine samples. The optimal conditions of sample extraction and mass 
spectrometry have been studied. The detection limits for the diuretics studied were found to be in the range of 0.19 to 0.96 ng/mL 
with the relative standard deviation （RSD） below 11.1%. No carryover effect was found, and every laboratory-made I-MWCNTs HF-
LPME could be reused for extraction up to 50 times with recovery efficiency above 85%. The I-MWCNTs HF-LPME has been proven 
effectively for increasing extraction efficiency and reducing matrix interference from urine. The method developed offers not only 
very high sensitivity for determination of trace diuretics in urine, but also reduced extraction costs for having a long use times of 
the I-MWCNTs HF. The method is recommended for determination of trace diuretics in urine for its elegance, simplicity and high 
sensitivity even in the presence of high levels of interference.
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Novel aspects:
A simple and sensitive FASI-CE-ESI-MS/MS method was developed for in-line monitoring haloacetic acids in tap water.

Abstract:
Haloacetic acids （HAAs） belong to an important class of disinfection byproducts that are being regulated. A strategy based on in-
line preconcentration CE-ESI-MS/MS was developed for determination of haloacetic acids （HAAs） in tap water. The field amplified 
sample injection （FASI） technique was used for in-line preconcentration of five HAAs including monoacetic acid （MCAA）, 
dichloroacetic acid （DCAA）, trichloroacetic acid （TCAA）, dibromoacetic acid （DBAA） and monobromoacetic acid （MBAA）. In 
FASI-CE-MS/MS analysis, 50% MeOH containing 2.5%ammonium acetate （pH 3.5） was used as background electrolyte and sheath 
liquid. Low sheath flow interface was used to preserve separation condition and to stabilize electrospray ionization process. With 
30 second hydrodynamic injection of a water plug followed by 20 second electrokinetic injection of the sample, FASI enrichment 
factors in a range of 1000-3000 were obtained. Detection limits of HAAs were in a range of 0.01-0.1 μgL -1 . In tap water analysis, three 
HAAs including TCAA, DCAA and MBAA were detected at a concentration about 0.1- 1 ppb, 0.1- 1 ppb and 0 -0.1ppb, respectively. 
The feasibility of FASI-CE-ESI-MS/MS in real time analysis is demonstrated by continuous monitoring HAAs in tap water.
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Novel aspects:
systems biology view of silver-induced stress response in green algae. Linking of molecular responses to physiological effects

Abstract:
Classic ecotoxicology has focused upon a bottom-up approach to understand stressor effects in which a few genes, proteins, or 
biochemical reactions are studied at a time. The invention of new technologies in the last decade has enabled the analysis of 
whole transcriptome （gene transcripts）, proteome （proteins） and small cellular molecules （metabolite profiling） resulting in 
whole system approaches. By complementing the traditional approach with the system biology it is possible to define the genetic, 
protein, and biochemical reactions as integrated and interacting networks of anorganism. We use such a systems biology 
approach to understand the biological responses of Chlamydomonas reinhardtii to ionic silver, which is toxic to a variety of 
aquatic organisms in the nanomolar range. Specifically, the proteome profiling by Multidimensional Protein Identification 
Technology （MudPIT） allows determination of differential expression of proteins. 
MudPIT analysis of C.reinhardtii exposed to silver allowed discrete identification of roughly 2500 proteins in each sample with false 
discovery rate set to 2 % , representing major cellular processes. Enrichment analysis showed significant regulation of several 
biological pathways. Key among them were photosynthesis, ATP synthesis and tetrapyrolle synthesis with all being severely down-
regulated. Differently, some pathways that were up-regulated were the lipid synthesis, oxidative stress response, proteolysis and 
cell wall synthesis. Our results provide the first insights into the mechanisms of toxicity of ionic silver. Silver is taken up into the 
cells via active metal transporters and inhibits key proteins involved in photosynthesis and ATP synthesis. Silver also induces 
oxidative stress as deduced from the induction of oxidative stress response proteins such as GPXH. The up-regulation of lipid 
synthesis also indicates an autophagy response. Importantly, we could link the changes at the proteome to the physiological state 
of the algae on exposure to silver.
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Novel aspects:
We detected N 2 O in the atmospheric concentration level （314ppb） by using the MULTUM-S II within one minute.

Abstract:
Recently, miniature mass spectrometers which can be used for on-site analysis have been designed and developed. These 
instruments are expected to have widespread applications. In our laboratory, a miniaturized multi-turn time-of-flight mass 
spectrometer “MULTUM-S II“ was designed and constructed. Although the size of newly developed “MULTUM-S II “ was 45 cm x 
25 cm x 64 cm, it has capability of high mass resolution of more than 30, 000. 

 We attempted to carry out real-time monitoring of the microbial production in the soil and consumption of gaseous compounds 
（N 2 O, CO 2 , CO and CH 4 ） by using this MULTUM-S II. In this study, we attempted to monitor of N 2 O concentration in real-time. 
N 2 O is known as one of the important greenhouse gases, and its warming effect is 298 times higher than that of CO 2 . Atmospheric 
N 2 O concentration level is 314ppb and increases to several hundred ppm by bacterial activities. N 2 O is mainly produced by N 
fertilizer in agricultural soils. Therefore, on-site high performance N 2 O analyzer has been required to elucidate generating 
mechanism and estimate reduction procedure of generated N 2 O from agricultural soils. However, N 2 O is measured by using a gas 
chromatography （GC） with an electron capture detector （ECD） so that it is difficult to apply GC/ECD on the field due to the 
radioisotope （ 63 Ni） in the detector. On the other hand, we can measure N 2 O in the field by GC/MS. In this method, it takes about 
ten minutes to separate CO 2  and N 2 O in a separation column. If we could separate CO 2  and N 2 O by using a high-mass resolution 
mass spectrometer, the measurement time would be reduced significantly. However, required mass resolution which is to 
separate CO 2  and N 2 O doublet is larger than 8, 000 due to the mass difference is 0.0113 u. Therefore, conventional miniaturized 
instrument can’t be separate the doublet. MULTUM-S II can provide high mass resolution in the compact size. Therefore, we 
attempted to separate CO 2  and N 2 O doublet. In this experiment, we used 5 m PLOT column to separate N 2 O, CO 2  and main 
components of air （N 2  and O 2 ）. When large amounts of N 2  and O 2  are injected into the ion source at the same time, low amount 
N 2 O signal is suppressed. Using this procedure, we detected N 2 O in the atmospheric concentration level （314ppb）. This result 
was significant increase compared to direct sample injection. Furthermore, the measurement time was within one minute. We 
also developed an automatic sampler to inject these gases into MULTUM-S II in one minute intervals for automatic real-time 
monitoring. As a result, real-time monitoring of atmospheric N 2 O concentration and its variation of emission from soils can be 
achieved by the combination of the automatic sampler and the MULTUM-S II .
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Novel aspects:
Dechlorane plus were determined in air samples for the first time in Japan.

Abstract:
A chlorinated flame retardant, Dechlorane Plus （DP） （syn-, anti-）, was detected and identified in ambient air from Japanese 
urban area. This study shows that DP was detected in air samples in Japan for the first time. In a moment of this research, we 
investigated the mode of ionization using GC/MS availability. GC/MS is commonly applying to determine DP with negative 
chemical ionization （NCI） mode at low resolution （LR）. DP was also determined magnetic sector-type MS with electron impact 
ionization （EI） mode at high resolution （HR）. R 2  for calibration curves on DP （syn-, anti-） were over 0.9999 of LR-NCI and HR-EI 
method. Instrument Detection Limits （IDL） of both methods for DP （syn-, anti-） were 0.20 pg/m 3 , 0.23 pg/m 3  and 0.34 pg/m 3 , 0.36 
pg/m 3  respectively. LR-NCI method was S/N = 50 at 0.1 ng/mL standard solution that approximately four times greater than HR-EI 
method. Result of compared both methods, LR-NCI method was applying in this study.
Air samples were collected on the rooftop of Japan Environmental Sanitation Center. Samples were collected 24 hours and 
repeated 4  times. All samplings were implemented duplicate. Result of measurement by GC/MS （LR-NCI）, DP air concentration 
ranged from 1.9 to 21 pg/m 3 . Recoveries of  13 C labeled DP were more than 90%. The syn- and anti- ratio were read between 0.24 
and 0.48. All duplicates were considerably fit in each sample. DP concentrations were higher than Mirex to compare with 
Environmental Survey and Monitoring of Chemicals was implemented by Ministry of the Environment Japan.
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Novel aspects:
We assess the potential health risks posed by exhaust gas from ship and obtain a better understanding of the occupational 
hazards connected with PAHs exposure.

Abstract:
Polycyclic aromatic hydrocarbons （PAHs） are a group of chemicals released into the air during the incomplete burning of fossil 
fuels such as gasoline and other organic substances
Some PAHs are reasonable anticipated to be human carcinogens. The carcinogenic risk to humans among 16 PAHs is classified as 
probable human carcinogens by the International Agency of Research on Cancer in 2010. PAHs are also known to have endocrine 
disrupting activity. PAHs are absorbed into the human body through the skin, lungs and gastrointestinal tract and are then 
metabolized to their hydroxylated PAHs （OHPAHs） and finally excreted in urine. In this study, a high performance liquid 
chromatography-tandem mass spectrometry method has been developed for the simultaneous quantification of six urinary 
OHPAHs, including 1 -hydroxynaphthalene（ 1 -OHNap）, 2 -hydroxynaphthalene （ 2 -OHNap）, 1 -hydroxyphenanthrene （ 1 -OHPhe）, 
3 -hydroxyphenanthrene （ 3 -OHPhe）, 4 -hydroxyphenanthrene （ 4 -OHPhe） and 1 -hydroxypyrene （ 1 -OHPyr） in human urine. 
Deuterated 3 -OHPhe-d 9  and 1 -OHPyr-d 9  were used for the quantification of the analyte as internal standards. Considerable 
amounts of PAHs are present in the workplace. PAHs exposure is reported high in coke plants, aluminium work and paving work. 
In order to assess the potential health risks posed by exhaust gas from ship and obtain a better understanding of the occupational 
hazards connected with PAHs exposure, the concentration of OHPAHs in urine collected from mariners has been analyzed.
 The urine sample treatment involved enzymatic hydrolysis of glucuronide and sulfate conjugates followed by solid-phase 
extraction using Sep-Pak C 18  cartridge for LC/MS/MS analysis. The LC/MS/MS system consisted of an Agilent 1260 infinity series 
（Agilent Technologies, Santa Clara, CA, USA） and QTRP 5500 mass spectrometer （AB SCIEX, Framingham, MA, USA）. The analyte 
and ISTD were separated from interference peaks on an Ascentis Express C18 column （2.1mmID × 100mm, 2.7μm particle size； 
SIGMA-ALDRICH Co., St. Louis, MO, USA）. The mass spectrometer was operated under multiple reaction monitoring （MRM） 
negative mode for the ion transitions m/z 143 →115（OHNap）, m/z 193 →193（OHPhe）, m/z 202 →202（OHPhe-d 9 ）, m/z 217 → 
189（OHPyr） and m/z 226 → 198（OHPyr-d 9 ）.
 This method was applied to the analysis of OH-PAHs in 29 urine specimens （11 engineers and 18 other crews） collected from the 
crews on a ship. The average concentrations of urinary 1 -OHNap, 2 -OHNap, 1 -OHPhe, 3 -OHPhe, 4 -OHPhe and 1 -OHPyr were 
1.6, 2.2, 0.2, 0.2,0.1 and 0.2 μg/g creatinine in engineers and 0.5, 1.8, 0.2, 0.1, 0.1 and 0.1μg/g creatinine in other crews, respectively. 
The method can be used to evaluate occupational exposure to PAHs.
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Novel aspects:
Thermal solid phase extraction （TSPE） is a fast and simple sample preparation for elimination of unwanted matrix compounds in 
GC-MS analysis of VOC and SVOC in complex matrices.

Abstract:
Introduction
Pristine samples or sample extracts often contain matrix compounds and/or solvents, which are incompatible with gas 
chromatographic analysis. Thus, an often complicated and time-consuming sample preparation with potential loss of analytes is 
needed before analysis. Here we present thermal solid phase extraction （TSPE） as a simple and fast approach based on thermal 
desorption （TD） for analysis of samples in complex matrixes. Samples are simply injected onto Tenax TA adsorbent tube and 
solvents （e.g. methanol, ethanol or water） are subsequently removed by purging with helium at ambient temperature. VOCs and 
SVOCs with boiling points up to ca. 400 °C are released during the following thermal desorption whereas larger and non-volatile 
compounds （e.g. sugars, proteins, fat, salts etc.） are retained by the adsorbent. Since TSPE may also be used for concentration of 
trace level samples by large volume injection onto the adsorbent, it can replace the following sample preparation steps：

1 ） Removal of unwanted matrix compounds that deteriorate the analysis
2 ） Solvent change to a suitable GC solvent
3 ） Up-concentration （e.g. by evaporation） of analytes before GC-MS analysis

Here TSPE has successfully been applied to the analysis of whisky and extracts of floor dust and tattoo inks.

Experimental
Single malt whiskies or methanol extracts of floor dust and tattoo inks were injected into stainless steel tubes containing Tenax 
TA adsorbent. The injections were followed by purging with He （60 ml/min for 3 - 5  min）. Injection volumes were 1 -50 µl. A 
thermal desorber （Perkin-Elmer ATD 400） was connected to a GC-MS system （Perkin-Elmer Autosystem XL GC/TurboMass MS or 
Varian CP 3800 GC/1200 MS）. The Tenax TA tubes were desorbed for 20 min at 250 °C, using a He flow of 50 mL/min, and a cold 
trap temperature of -30 °C. The cold trap was narrow bore and packed with Tenax TA for VOCs and empty for SVOCs. Flash 
heating of the cold trap to 300 °C transferred the analytes through the transfer line （225 °C） to the GC equipped with a 30 m VF-
5 ms column. The mass spectrometers were operated in electron ionization mode using full-scan （m/z 50-400）.

Preliminary results
TSPE showed good chromatographic performance and minimization of co-eluting peaks. So far the method has showed to be 
quantitative within the range of VOC/SVOC from toluene to di- 2 -ethylhexyl phthalate （DEHP）. The limit of detection of DEHP 
was estimated to 31 ng determined as three times the standard deviation of the mean of a low-concentration standard. 

Whisky： For comparison several different whiskies brands （e.g. Ardbeg, Macallan and Glenlivet） were analyzed. The resulting 
chromatograms showed good chromatographic resolution and clear differences, thus facilitating （easy） distinction of the whiskies 
from one another. Phenols, cresols, acids and esters were identified as the main eluting compounds. 

Floor dust： Comparison of floor dust samples from different locations in Denmark showed that the main constituents were 
phthalates （mainly DEHP）, fatty acids and hydrocarbons. The main problem for direct on-column injection of floor dust extracts 
are the high content of fat. This problem was eliminated by TSPE.

Tattoo inks： A series of black tattoo inks （high content of carbon black pigment） were screened and compared for their content 
of organic compounds. They contained a large number of compounds including butanediol, phenol, trichlorobenzen, Texanol, fatty 
acid methyl esters, phthalates and PAHs. 

The range of useful solvents is limited by the properties of Tenax TA to solvents like methanol, pentane and water. However, this 
may be extended to other solvents by use of other adsorbents.



TSPE has a large potential as a fast analytical method with minimal sample preparation for volatile and semi-volatile organic 
compounds in a wide range of sample matrices.
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Keywords:
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Novel aspects:
This is the first general approach using mass spectrometry for quantitative characterization of organic surface modifications of 
engineered nanomaterials.

Abstract:
Introduction
Engineered nanomaterials （ENM） are often chemically surface modified in order to tailor their physical-chemical properties for 
specific applications. For example, lipophilic surfaces are needed for incorporation of ENM in polymers whereas hydrophilic 
surfaces are used in water-based paints. These surface modifications may have influence on the toxicological and environmental 
properties of the ENM, but they are often trade secrets. Therefore, analytical procedures are needed to reliably enable detection 
and quantification of unknown ENM surface modifications. Only a limited number of publications describe quantitative methods 
for this type of application and despite of the obvious advantage of using mass spectrometry （MS） only a few studies describe the 
use of MS. Here we present an approach, based on several MS techniques, to characterize high temperature extractable and 
predominantly non-covalent bounded organic coatings of ENM.

Experimental
Thermogravimetric analysis （TGA） was used to identify ENM with organic coating. The following ENM with more than 1  wt % 
apparent coating were investigated： Organoclays, graphite, synthetic amorphous silica, titanium dioxide, silver, calcium carbonate, 
iron oxide, and nickel-zink-iron oxide. The ENM were extracted with pressurized liquid extraction （PLE） using methanol at 200 °C 
and 140 bar. The extract was centrifuged and the supernatant used for the succeeding analysis.

MS combined with on-column gas chromatography （GC-MS） or thermal desorption was used to analyze the extracts for volatile 
organic compounds. A 30 m 5 % phenylmethylsilicone column was used for GC and the MS was run in electron ionization （EI） 
mode and the mass range was m/z 50 to 500. The identification of organic compounds was based on searches in the NIST 2011 MS 
library and authentic standards.

Quadrupole time-of-flight MS combined with liquid chromatography （LC-MS） or direct infusion was used for analysis of non-
volatile organic compounds in the extracts using both electrospray ionization and atmospheric pressure chemical ionization. The 
MS was operated in positive mode and the mass range was usually m/z 50 to 3000. Collision induced dissociation was used for 
structure determination. 

Nanostructured surface-assisted laser desorption ionization time-of-flight MS （NALDI-TOF） was used for characterization of 
polymeric compounds. 1  µl of either a suspension of the ENM in methanol or the PLE extract was deposited on the NALDI target. 
Sodium trifluoro acetate was used as cationizing agent. Spectra were acquired in the reflector-positive mode and mass range was 
m/z 50-5000. The identification of the organic compounds from the NALDI-TOF results was based on pattern recognition, literature, 
and GC-MS data.

Results
A wide range of organic compounds was extractable from the ENM and their identity was confirmed by authentic standards in 
several cases. For example organoclays were surface functionalized with quaternary ammonium compounds containing benyzyl 
and alkyl side chains to make them miscible with polymers. Silver was surface modified by 2 -pyrrolidone or coated with 
polyethoxylated nonionic surfactants. Graphite, calcium carbonates, iron oxides were coated with a mixture of fatty acids and 
fatty acid methyl esters - probably added to prevent agglomeration. Other compounds were silanes and siloxanes from synthetic 
amorphous silica and nickel-zink-iron oxide. Most of the extracted compounds are presumably intentionally added for different 
purposes. Some of the surface modifications have already been shown to influence the toxic properties of the ENM.
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Simultaneous determination of cationic and anionic compounds using a 
high-speed polarity switching ESI and an online-SPE LC-MS/MS
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Keywords:
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Novel aspects:
Developed was simultaneous quantitation technique of cationic and anionic compounds which requires small volume of 
environmental samples and thus enables high through put screening of contaminants of emerging concern.

Abstract:
Mounting evidence suggesting ubiquitous presence of newly or unexpectedly detected chemicals, namely contaminants of 
emerging concern （CECs, e.g. pharmaceuticals and personal care products： PPCPs, perfluorinated compounds, steroid hormones 
and others）, has lead public concern and government actions. The CECs consist of hundreds of compounds, both cationic and 
anionic, and exist in the environment in generally trace levels. Those compounds typically enter the environment through sewage 
systems since the current wastewater treatment technologies are not designed for decomposing CECs, which is considered as an 
important exposure route for aquatic ecosystem. Some of the CECs are also found to resist drinking water treatment, which could 
result in human exposure. To establish an effective monitoring system for wastewater influent and drinking water, a high-through-
put analytical method is in acute need.

For the analysis of trace level compounds, the current sampling methodologies often involve large volume sample collection to 
concentrate analytes in pretreatments, which limits sample transportation and introduces complex sample pretreatments. Recent 
advances in online solid phase extraction （online SPE） technology may be one of the solutions to this limitation since it requires 
relatively small volume of samples （typically 1 -10 mL） and introduces all the injected volume into an analytical system. A newly 
developed high-speed polarity switching technology is capable of simultaneously determining cationic and anionic compounds 
including PPCPs, steroid hormones and other CECs.

An online SPE liquid chromatography tandem mass spectrometry （online SPE LC-MS/MS； Shimadzu Corporation, Kyoto, Japan） 
was used to develop a simultaneous quantitation method for the analysis of phthalate di- and mono-esters （PEs） in finished water. 
One mL of raw samples was injected after receiving stable isotope labelled PEs. Two binary pumps were used for sample cleaning 
with an SPE column （MASK-ENV, Chemco Scientific Co., Osaka, Japan） and another two pumps were used for separation by an 
analytical column （Shim-pack XR-ODS）. For both sets of pumps, scrubber columns （Shim-pack XR-ODS） were inserted just after 
mixing chambers to reduce contaminations from the analytical system.

Method detection limits （MDLs in ng/ml） were as follows： monometyl- （MMP, 0.203）, monoetyl （MEP, 0.162）, mono-n-butyl （MnBP, 
0.214）, monobenzyl （MBzP, 0.201）, mono- 2 -ethylhexyl- （MEHP, 0.213）, mono- 2 -ethyl- 5 -hydroxyhexyl- （MEHHP, 0.223） phthalates； 
dimethyl- （DMP, 0.144）, dietyl- （DEP, 0.179）, di-n-butyl- （DnBP, 1.43）, butylbenzyl- （BBzP, 0.117）, di-（ 2 -etylhexyl）- （DEHP, not 
calculated due to blank contamination） phthalates. Recoveries ranged 56 % -134 % . DnBP and DEHP were detected even in 
procedure blanks suggesting that contaminations occurred during sample preparations or analytical procedures. Phthalate 
monoesters were not detected or below MDLs in the most of samples although MEHP was detected in one sample （0.471 ppb）. 
Since this method is capable to detect very low levels of PEs, it is essential to minimize contaminations from sampling to analysis 
in order to achieve lower MDLs for phthalate diesters. In the presentation, preliminary result of the application of online-SPE-LC-
MS/MS system for the measurement of phthalate esters will be discussed.
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The analysis of olefine and aromatic hydrocarbon in hydrocarbon mixture 
using Multi-Dimensional GC/GCMS system

LiBin Liu, GuiXiang Yang, TaoHong Huang, Lei Cao
Shimadzu Co.,Beijing, China

　
Keywords:
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Novel aspects:
MDGC/GCMS system can show superiority on the analysis of complicated matrix sample such as hydrocarbon mixture,etc.

Abstract:
The component of hydrocarbon mixture is very complicated, including even and odd number carbon hydrocarbon. Its analysis 
with conventional gas chromatographic approaches is a big challenge and can give us inaccurate or even false results because 
overlapping is always happened. Many measures were taken to avoid interferences, such as improving sample preparation or 
using high selectivity detectors. Multi-dimensional GC/GCMS system with multiple heart-cutting is one of the powerful tools. Multi-
dimensional GC/GCMS can improve resolution beyond that of the regular GC analysis as it re-introduces the dissolved component 
of interest into another column. In other words, only part of the peak of the component that was insufficiently separated on the 
column where the sample initially passed through （called the “ 1  st  column“） is introduced （heart-cut） to a column of another 
type （called the “ 2  nd  column“）, so that insufficiently separated components can be separated. A device called a “switching 
device“ is used for heart-cut introduction of peaks eluted from the 1  st  column to the 2  nd  column. As a switching device, the 
recently developed Multi-Deans switching unit can be used in combination with a GC-FID as the first analytical dimension and a 
GCMS as the second analytical dimension. The analytes pass the first column and are detected in the FID （“stand-by mode“） or 
are transferred to the second column and analyzed with mass spectrometer or GC detector such as FID （“cut mode“）. By using 
this system, complicated matrix analysis such as hydrocarbon mixture was done to demonstrate MDGC/GCMS system 
performance. 
This MDGC/GCMS system can analyze the olefine and aromatic hydrocarbon in hydrocarbon mixture. It has superiority on the 
determination of the complicated matrix sample in order to obtain more reliable analytical results.
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Keywords:
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Novel aspects:
The novel polymeric sensing materials was synthesized based on a simple reaction. The responsiveness of the polymer toward Fe 
（III） is very rapid, and clearly observable with the naked eye.

Abstract:
A novel sensing material for Fe（III） ion was prepared from poly（gamma-glutamic acid） （gamma-PGA） and 3,4-dihydro- 3 -（ 2 ’
-ethylhydroxyl）- 6 -methyl-1,3,2H-benzoxazine （Mt-Bx）. Mt-Bx was used as an ionophore segment and grafted onto the gamma-
PGA backbone via an esterification reaction. The optimum reaction time determined by FT-IR was 2  h. The calculation based 
on  1 H-NMR spectrum revealed that the most attainable grafting degree was 30%. This copolymer showed a highly selective and 
sensitive recognition toward Fe（III） ions. A simultaneous transition of color and solubility was observed when the copolymer 
formed complex with the Fe（III） ions. These responses were clearly observable with the naked eye. A quantitative analysis based 
on a photometric titration method indicated that the copolymer exhibited and excellent interaction with Fe（III） ions at a 
stoichiometric ratio of 1 ：390.
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Keywords:
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Novel aspects:
This is the first report of presence of PFCs compounds in the sediments from Serbia. Compared to other reports, high levels of 
PFOA and PFOS were found.

Abstract:
Perfluorinated compounds （PFCs） are chemicals that do not occur naturally, but have been widely used in chemical production 
for some time. They are globally distributed, environmentally persistent, bioaccumulative, and potentially harmful. 
Perfluorooctansulfonate （PFOS） and perfluorooctanoate （PFOA） are the two PFCs most commonly used and found in the 
environment. Together with perfluorohexane sulfonate （PFHxS） these compounds are widely employed in different industrial 
processes such as in protective coatings.
The wastewater canal （WWC） Vojlovica was built in 1962 to collect the wastewater discharges from the industrial complex of the 
city of Pancevo in Serbia. Industrial complex consist of a petrochemical factory （HIP Petrohemija）, an oil refinery （NIS Rafinerija, 
Pancevo） and chemical fertilizers factory （HIP Azotara）. The canal is artificial with no natural flows, about 2  km long, around 70 
m wide and directly connected to the Danube River. The water depth is around 12 m. The environment surrounding the canal has 
been strongly affected for a long time by the presence of the industrial complex. Additionally heavy destruction during NATO 
bombing events in 1999 resulted in contamination of air, soil, groundwater and the WWC itself. 
In total, 4  sediment samples from WWC were collected. Surface sediments layer of 15 cm were taken by a Van Veen Grab 
sampler, transported in glass jars and stored in the laboratory at 4  °C. For comparative purposes, the same type of sample were 
also taken from the navigation canal flowing parallel to WWC but not receiving any direct discharge of industrial wastewaters.
Sampling sites are listed below：
No 1  - navigation canal；
No 2  - at the confluence of WWC with the Danube River, downstream from the industrial area and effluents；
No 3  - downstream from the fertilizer factory outlet （first effluent）；
No 4  - downstream from the petrochemical plant （second effluent）；
No 5  - downstream from the oil refinery outlet （third effluent）.
Sediment sample was extracted with methanol. MPFAC-MXA as mass-labeled surrogates was spiked into the sample. The sample 
was extracted with SPE. The elution was concentrated and labeled  13 C 8 PFOA was added as syringe spike. The each final solution 
was analyzed by liquid chromatography （LC）-tandem mass spectrometer （MS/MS） using Xevo TQ （Waters） coupled with 
ACQUITY UPLC （Waters）.
Concentrations of PFCs were determined as follows：
No 1 ： 68, 230 and 230 ng/kg-dry of PFOA, PFHxS and PFOS, respectively. 
No 2 ： 80 and 2100 ng/kg-dry of PFOA and PFOS, respectively.
No 3 ： 170 and 5300 ng/kg-dry of PFHxS and PFOS, respectively.
No 4 ： 130, 170, and 5700 ng/kg-dry of PFOA, PFHxA, and PFOS, respectively.
No 5 ： 76, 66 and 420 ng/kg-dry of PFOA, PFHxA, and PFOS, respectively.
Concentrations of PFOS in the samples No 3  and No 4  are 3 -3.2 times higher compared with sea sediment in Tokyo bay 1) . PFOA 
and PFOS concentrations from WWC were from two to twenty fold higher comparing to sediment samples taken from Roter Main 
river （Germany） which receives treated waste waters of industrial, commercial and domestic origin from municipal wastewater 
treatment plant 2) . Comparing to upstream Danube River bank sediment samples 3)  PFOS from the WWC samples were from two to 
six fold higher.
 This is the first study and report of presence of PFCs compounds in the samples from Serbia. Most of the PFCs are released from 
fertilizer factory and petrochemical plant outlets, while oil refinery outlet mostly contribute to petroleum pollution. The exact 
origin of PFCs cannot be established from one study but one of the reasons for presence of these compounds might be their 
usage as components in pipes, fittings and wiring insulations. 



1 ） Zushi Y. et al Environmental pollution 158, 756-763 （2010）
2 ） Becker, A.M et al Environmental Pollution 156, 818-820（2008）
3 ） Clara, M.et al Water Research 43, 4760-4768 （2010）
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Novel aspects:
We have been developed the water sampling method by applyingcoagulant to analysis of dioxin in water which has a large 
volume of suspended solids.

Abstract:
Dioxins in water are generally collected by disk type SPE with ODS. However, a large amount of water causes clogging of the disk 
and delays time of the sampling. In order to resolve this problem, adsorbents utilizing coagulation have been developed. We have 
been developed the water sampling method by applying coagulant to analysis of dioxin in water which has a large volume of 
suspended solids. SS can result from erosion from urban runoff and agricultural land, industrial wastes. Suspended solids （SS） are 
solid materials, including organic and inorganic, that are suspended in the water. SS consists of silt, plankton and industrial wastes. 
Samples are stably collected in spiking experiments using river water. Because this method requires minimum instruments and 
takes shorter time to analysis, it has more advantage than the conventional water sampling method.
In this study, congener-specific analysis of PCDD/DF including PCBs were performed in the environmental samples using BPX-
Dioxin, HT 8 -PCB as separation column by GC/HRMS （JEOL JMS-800D）. HT 8 -PCB capillary column（60m, 0.25mm i.d.） was used 
for determination of PCB all congeners. Contribution of PCB-11 in the environmental samples such as river water and ambient air 
were evaluated. 
PCB congener profiles in environmental samples, such as air, water, and sediment, are similar to the pattern of a particular PCB 
product used around the area. On the other hand, among biological samples, such as fish, clams, birds and humans, the congener 
profiles differ drastically reflecting different half-lives of congeners in different biological systems. We would propose the source 
estimation and monitoring method using PCB congener-specific analysis.
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Multi-residue analysis of pesticides in animal and fishery products, and 
their processed foods by dual-column GC-MS/MS
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Novel aspects:
Newly multi-residue method to enable the analysis of water-soluble pesticides such as methamidophos in processed foods such 
as frozen gyoza dumplings, and highly quantification at ppb levels by dual-column GC-MS/MS.

Abstract:
In Japan, food poisoning caused by methamidophos-tainted frozen gyoza dumplings imported from China came to light in January 
2008. The news has set off alarms about the safety of not only perishable foods but also processed foods. Methamidophos is a 
water-soluble pesticide （solubility in water >200 g/L and Kow logP =-0.8 at 20&#8451；）. The official multi-residue method for 
animal and fishery products is only applied to fat-soluble compounds （Kow logP > 2 - 3 ） such as DDT’s in perishable foods. 
Therefore, we developed a multi-residue method for determining many pesticides including water-soluble compounds （Kow logP 
>- 1 ） in animal and fishery products, and their processed foods by dual-column gas chromatography with tandem quadrupole 
mass spectrometry （dual-column GC-MS/MS）.
 First, 21 stable isotopically labeled pesticides, dichlorvos-d 6 , acephate-d 6 , α-HCH-d 6 , diazinon-d 10 , iprobenfos-d 7 , carbaryl-d 7 , 
fenitrothion-d 6 , linuron-d 6 , metolachlor-d 6 , chlorpyrifos-d 10 , diethofencarb-d 7 , fosthiazate-d 5 , pendimethalin-d 5 , thiabendazole-13C 6 , 
imazalil-d 5 , isoprothiolane-d 4 , isoxathion-d 10 , pp’-DDT-d 8 , EPN-d 5 , etofenprox-d 5 , es-fenvalerate-d 7  and triphenylphosphate as the 
internal standards （surrogates） for 202 representative target pesticides were selected. The chopped sample spiked with surrogates 
was homogenized with 2  % acetic acid aqueous solution, and extracted with acetone-n-hexane （ 2 ： 3 ） while melting adipose 
tissue under mildly acidic conditions, and then centrifuged. The organic layer and aqueous layer were filtered together. The 
remaining solid contents were re-extracted with acetone-n-hexane （ 2 ： 3 ）, and then filtered. After concentration of the 
combined filtrate, the aqueous residues saturated with sodium chloride was loaded onto a macroporous diatomaceous earth 
column （EXtrelut NT20）, and eluted with ethyl acetate. Co-extractives were removed by a combination of gel permeation 
chromatography （GPC, CLNpak EV-2000AC-12F column： 300 x 12 mm id, CLNpak EV-G-12F guard column： 100 x 12 mm id, mobile 
phase： acetone-cyclohexane （ 3 ：17）） and graphitized carbon solid-phase extraction （SPE, Carbo C-Avicel （ 1 ： 4 ）： 500 mg, 
eluant： acetone-cyclohexane （ 3 ：17）） automatically, and then by a tandem SAX/PSA cartridge SPE （Bond Elut Jr-SAX： 500 mg, 
Bond Elut Jr-PSA： 500 mg, eluant： acetone-n-hexane （ 1 ： 1 ））. The cleaned sample extract was subjected to dual-column GC-
MS/MS （Rxi- 5 Sil MS first column： 30 m x 0.25 mm id, Rtx-200MS secondary column： 30 m x 0.25 mm id, ionization mode： EI, MS/
MS mode： MRM）.
 Mean recoveries （n = 5 ） of most pesticides from ten kinds of fortified samples, beef, salmon, hen’s egg, cow’s milk, honey, kimchi, 
corned beef, eel kabayaki, frozen gyoza dumpling and retort curry at 0.01 mg/kg were within a range from 70 to 120 % （relative 
standard deviation values <15%）.
 The method was applied to many commercial foods to demonstrate its use in routine analysis. Not a few interfering peaks 
appeared on the MRM chromatograms of some food such as retort curry at ppb level detection. In these cases, the most of 
interfering peaks did not disappear by using alternative MRM transitions, so that using a single-column GC-MS/MS may result in 
false positive data. To overcome this problem, GC-MS/MS was equipped with a secondary column together. As a result, no 
interfering peaks on the either MRM chromatograms of almost all foods were detected. The capability of the best column 
combination for GC-MS/MS allows easy identification and precise quantification of many pesticides in animal and fishery products, 
and their processed foods at the ppb level such as uniform limit （0.01 mg/kg） under the Japanese positive list system. 

References
1 ） E. Ueno, H. Oshima, I. Saito, H. Matsumoto, J. AOAC Int.,87, 1003-1015 （2004）.
2 ） E. Ueno, J. Pestic. Sci., 35, 74-78 （2010） （in Japanese）.
3 ） E. Ueno, J. Pestic. Sci., 36, 554-558 （2011） （in Japanese）.
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Rashi Kochhar1, Shruti Raju1, Deepti Bhandarkar1, Bhairavi Saraf1, Shailendra Rane1, Jitendra Kelkar1, 
Ajit Datar1, Zhaoqi Zhan2

1 Shimadzu Analytical (India) Pvt.Ltd., Mumbai, India, 2 Shimadzu Asia Pacific Pte.Ltd.

　
Keywords:
Surfactants, Ultra fast MS, Polarity switiching, Triple Quadrupole, Industrial Waste ,

Novel aspects:
LCMS/MS with fast scanning and polarity switching is a good screening technique for analysis of surfactants in areas like 
pharmaceuticals, forensics, effluent treatments, cosmetics etc.

Abstract:
Surfactants are compounds that lower the surface tension of a liquid, the interfacial tension between two liquids, or that between 
a liquid and a solid. Surfactants may act as detergents, wetting agents, emulsifiers, foaming agents, and dispersants. They are 
routinely deposited in numerous ways on land and into water systems, whether as part of an intended process or as industrial 
and household waste. Some surfactants are known to be toxic to animals, ecosystems, and humans, and can increase the diffusion 
of other environmental contaminants. Some detergents also cause lysis of cells and tissues by disorganizing the cell membrane’s 
lipidic bilayer and solubilising proteins.
It, therefore, becomes important to detect these surfactants and here we have attempted to simultaneously analyse them
The surfactant standards were dissolved in water ： methanol （ 1 ： 1 ） to ensure all surfactants can be solubilized, and subjected 
to liquid chromatography using UHPLC Nexera coupled with triple quadrupole （TQ） mass spectrometer LCMS 8030, Shimadzu 
Corporation. The samples were subjected to Solid Phase Extraction （SPE） and analysed using the method developed for the 
standards. The chromatographic condition ensured analysis to be completed in short time, because of system tolerance to high 
pressure. Subsequent fast analysis was supported by Fast TQ MS.
The surfactant standard mixture was separated chromatographically and subjected to mass spectrometry. Surfactants of different 
ionising tendencies were simultaneously analysed for their parent and product ions. For eg, Cetrimide, Octylphenol ethoxylate 
were analysed in ESI positive mode, whereas Sodium lauryl sulphate （SLS） was analysed in ESI negative mode. Molecular ion of 
cetrimide was observed with loss of bromine whereas molecular ion of SLS was observed with loss of sodium. Octylphenol 
ethoxylate showed a characteristic polymeric pattern with mass difference of 44. Fast analysis was possible due to short runtimes 
that could be achieved without compromising resolution in Nexera system. The ultrafast polarity switching and ultrafast scanning 
capacity of the mass spectrometric system enabled analysis of different types of molecules in the same run.
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Detection of Melamine in Human Renal Uric Acid Stone by Matrix-Assisted 
Laser Desorption / Ionization Time-Of-Flight Mass Spectrometry (MALDI-
TOF MS)

Chia-Fang Wu1, Chia-Chu Liu2,3,4,5, Jentaie Shiea6, Yi-Tzu Cho7, Yii-Her Chou2,3, Bai-Hsiun Chen8, 
Chao-Yi Chien1, Shu-Pin Huang2,3, Wen-Jeng Wu2,3,9, Jung-Tsung Shen9, Mei-Yu Chang9, 
Chun-Hsiung Huang2,3, Ai-Wen Chang2, Ming-Tsang Wu*1,4,10,11
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Applications and Management, Yuh-Ing Junior College of Health Care & Management, Kaohsiung, Taiwan, 8 Department 
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Keywords:
melamine, urolithiasis, MALDI-TOF MS

Novel aspects:
MALDI-TOF MS could detect melamine in uric acid stone specimens, even when urinary melamine level was undetectable, which 
can be an additional analytical method to evaluate for external melamine exposure.

Abstract:
Background： The link between melamine-contaminated daily foodstuffs and urolithiasis formation has drawn international 
concern. However, detection of melamine levels in urine may not completely represent external melamine exposure. Thus, finding 
an additional analytical method for the study of environmental melamine exposure and its adverse effect in humans is crucial.
Methods： Eleven adult patients diagnosed with uric acid urolithiasis were retrospectively analyzed. Melamine levels in their 
overnight one-spot urine samples were measured by a triple quadrupole liquid chromatography tandem mass spectrometry （LC-
MS/MS）. The compositions of stone samples were analyzed by the Fourier transform infrared （FTIR） spectrophotometer and 
matrix-assisted laser desorption / ionization time-of-flight mass spectrometry （MALDI-TOF MS）. 
Results： Seven （63.6%） out of 11 patients had detectable melamine levels in their urine specimens （method of detection limit： 0.8 
ng/ml）. Three patients （27.3%） were highly suspected of having melamine-containing urolithiasis in FTIR spectra. In one of those 
three cases who still had available stored stone specimens, MALDI-TOF MS further confirmed melamine components in this male 
patient’s stone specimens. In contrast, his urinary melamine level was below the detection limit by LC-MS/MS.
Conclusions： Direct analysis of melamine in the composition of urolithiasis by MALDI-TOF MS can be an additional analytical 
method to evaluate for external melamine exposure.

*Correspondence： Prof Ming-Tsang Wu
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Urinary oxidative metabolites of di(2-ethylhexyl)phthalate can predict the 
daily intake of phthalate-tainted foods in Taiwanese children

I-Chen Wu1, Chia-Fang Wu2, Jentaie Shiea3, Bai-Hsiun Chen4, Jiunn-Ren Wu5, Ming-Tsang Wu*2,6,7
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Keywords:
urinary phthalate metabolites, children, LC-MS/MS

Novel aspects:
Urinary oxidative metabolites of DEHP of our study children can predit their affected foods exposure.

Abstract:
Background：A major incident of phthalate-contaminated foodstuffs happened in Taiwan between April and July, 2011. Phthalates, 
mainly di（ 2 -ethylhexyl）phthalate （DEHP）, were deliberately added to foodstuffs as a substitute of emulsifier. The highest 
concentration of DEHP in affected foods belonged to the category of nutrient supplements which were regularly taken by children 
or infant. Thus, this study investigated the correlation between the amount of DEHP intake and its major oxidative metabolites in 
Taiwanese children.

Methods：Between May 31 and June 17, 2011, we established a special Phthalates Clinic for Children （PCC） at Kaohsiung Medical 
University Hospital in southern Taiwan for those children who were suspected to have the intake of affected foods. Their parents 
were interviewed to collect their exposure information from two sources： the official website of Taiwan Food and Drug 
Administration and Bureau of Health of Kaohsiung City to calculate daily intake dose. One-spot urine specimen in each study 
children was collected and measured four oxidative metabolites of DEHP, including 5 oxo-MEHP, 5 OH-MEHP, 5 carboxy-MEPP, 
and 2 carboxy-MMHP, by a triple quadrupole liquid chromatography tandem mass spectrometry （LC-MS/MS）.

Results：In total, 28 children whose age £ 10 years old （pre-puberty） were studied. The daily intake dose ranged from 0  to 0.16 
mg/kg/day. The intake of affected foods in 19 （67.9%） and 12 （42.9%） out of 28 study children exceeded the tolerable daily intake 
（TDI） recommended by U.S. Environmental Protection Agency （TDI < 0.02 mg/kg/day） and European Food Safety Authority （TDI 
< 0.05 mg/kg/day）. For urinary DEHP metabolites, after corrected by urinary creatinine （Cr）, the median levels （interquartile 
range） of 5 oxo-MEHP, 5 OH-MEHP, 5 carboxy-MEPP, and 2 carboxy-MMHP were 76.09, 80.36, 109.31, and 36.84 μg/g Cr （56.21-143.32, 
29.28-137.36, 45.98-200.33, and 24.74-59.40 μg/g Cr, respectively）. We found that the significant and positive correlations between 
DEHP daily intake （mg/kg/day） and urinary 5 oxo-MEHP （Spearman correlation r=0.39, p=0.04） and 5 carboxy-MEPP （r=0.45, 
p=0.02）, but not for 5 OH-MEHP （r=0.28, p=0.14） and 2 carboxy-MMHP （r=0.32, p=0.10）.

Conclusions：These study children were exposed to the high amount of DEHP from affected foods and some oxidative 
metabolites of DEHP was correlated to their exposure dose. A further study is necessary to link these exposure indices to the 
health outcome in children.

*Correspondence： Prof Ming-Tsang Wu
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LC-MS analysis of neonicotinoid insecticides in the crops using a novel 
selective solid-phase extractant having dipole type functional group

Toshio Miwa1, Isao Saito1, Atsushi Yamamoto1, Yoshinori Inoue2, Mitsuru Saito2

1 Chubu University, Aichi, Japan, 2 Nippon Filcon Co., Tokyo, Japan

　
Keywords:
SPE, Adsorbent, LC-MS, Neonicotinoids

Novel aspects:
We have developed a novel adsorbent which highly recognized chemical characteristics of the functional groups.

Abstract:
Neonicotinoids, which are insecticides chemically related to nicotine, act as an agonist on an acetylcholine receptor in insects, as 
nicotine does. Since neonicotinoids show much lower toxicity in mammals, 7  kinds of them represented by imidacloprid are 
currently the most widely used insecticide in the world. Chromatographic methods dedicated to the determination of insecticide 
residues such as GC and HPLC have been reported. However, they require a fair amount of sample manipulations such as liquid-
liquid extraction and column cleanup procedure, and do not fit for a distribution cycle of food.
The basic chemical structure of the neonicotinoids contains both heteroaromatic ring and dipole functional group such as 
nitroimine or cyanoimine. We have developed a novel adsorbent, PNP, which highly recognized chemical characteristics of the 
functional groups. The PNP adsorbent was synthesized by introducing p-nitrophenol on the hydrophilic base gel with glycidyl 
group. One hundred mg dry weight of the adsorbent was packed in a solid-phase extraction cartridge. The cartridge was 
conditioned by passing 10 mL of acetone, and then neonicotinoids mix solution dissolved in various solvents were loaded on it. 
The solutes concentration in various eluates from the cartridge was measured by LC-MS.
Neonicotinoids in acetone or ethyl acetate were tightly entrapped on the PNP adsorbent and were easily eluted with methanol. It 
appeared that development of plural interaction such as hydrogen bonding, π-π interaction, and dipole interaction raised 
selectivity of the adsorbent for neonicotinoids. Acetone or ethyl acetate is suitable extraction solvent for pesticides of wide 
polarity ranges. Thus, the PNP adsorbent was used to determine neonicotinoids in the actual crops such as green pepper. 
Quantitative analysis was done in selected-ion monitoring mode for each compound. The use of PNP adsorbent allows for clean 
extracts to be obtained which dramatically reduces sample matrices.
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Studies on Residual Characteristics of Growth Regulator 6-BA in Bean 
Sprout

Wan-Hee Seo, Young-Mo Jeong, Soon-Kil Cho, Bong-Suk Oh
Jeonnam Provincial Office, National Agricultural Products Quality Management Service, MIFAFF, Korea

　
Keywords:
Bean sprout, Residue analysis, LC-MS/MS

Novel aspects:
We think 6 -BA will not be remained during its shipping date.

Abstract:
Bean sprout is a common food due to its cheap price and short cultivation period （ 5 - 7  days）. It is also used as an ingredient of 
in-flight meal and food for astronauts. Industrial mass production of bean sprout usually accompanied diverse chemical drugs such 
as seed disinfectants and growth regulators. In this study, residual characteristics of growth regulator 6 -BA were observed. During 
the cultivation of bean sprout, the seeds were washed and soaked in water for 20 hours. 6 -BA was applied （75 mL/ 6 L/75 kg） to 
the seeds and 1.2 kg bean sprout seeds were cultivated in plastic container for 7  days with sprinkling of water （15 min/ 4  h）. 
Temperature and humidity were maintained as 18.3±0.6&#8451； and 71.0±1.6 % during the cultivation period. After 7  days, the 
weight of bean sprout was increased from 1.6 g to 14 g. For sample preparation, each sample was extracted with 30 mL acetonitrile 
and kept in a refrigerator （-80&#8451；） for 5  min in order to separate organic and aqueous layer. The organic supernatant was 
directly injected to LC-MS/MS for residual analysis of 6 -BA. The method was validated in triplicate at two different fortification 
concentrations （0.1and 0.5 mg/kg） in the blank matrix. Good recoveries were observed for the target analysis and ranged between 
78.2 and 84.9% with relative standard deviations of less than 10%. The limits of detection （LOD） and limits of quantification （LOQ） 
were 0.003 and 0.01 mg/kg for 6 -BA. The residual amount of 6 -BA in application day was 1.60 mg/kg. A slow degradation of 6 -BA 
was observed until 5  days of application with a concentration of 0.07 mg/kg. After 6  days, 6 -BA was completely disappeared in 
the bean sprout samples. Based on the dissipation pattern, we think 6 -BA will not be remained during its shipping date.
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Improvement of Determination Method for Pesticide Residues in Bean 
Sprout
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Keywords:
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Novel aspects:
The improved method is easy and reliable for the determination of carbendazim, thiabendazole, and 6 -BA in bean sprout.

Abstract:
Bean sprout is a common food due to its short cultivation period and cheap price. An industrial mass production accompanied 
diverse chemical drugs, such as seed disinfectants and growth regulators, which led to controversies regarding its safety. The 
treatment of carbendazim and thiabendazole to bean sprout was legally allowed, but their residues have to be absent according 
to their maximum residue limits in bean sprout. Typical methods used for the determination of the pesticide residues in bean 
sprout have tended to be labor-intensive and have used large volumes of solvent, resulting in large volumes of hazardous waste. It 
is also very difficult to monitoring pesticides in bean sprout due to its short distribution period. Thus, the typical sample 
preparation needs to minimize the number of steps in order to reduce both time and sources of error during theses process. For 
sample preparation in this study, precisely 20 grams of samples were placed into a centrifuge tube. A 20 mL portion of acetonitrile 
was added, and vigorously shaken for 5  min followed by centrifugation at 3000 rpm for 5  min. The tube was kept in a refrigerator 
（-80&#8451；） for 5  ~ 10 minute to separate acetonitrile and water layers. A 2  mL portion of the acetonitrile layer was injected 
into a LC-MS/MS. Recoveries were between 77.1 and 98.7 for carbendazim, thiabendazole, and 6 -BA. The calculated LOQs were 
0.01 mg/kg for 6 -BA, and 0.001 mg/kg for carbendazim and thiabendazole. These results indicate that the improved method is easy 
and reliable for the determination of carbendazim, thiabendazole, and 6 -BA in bean sprout.
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Screening of five mycotoxins by using immunoaffinity column and HPLC-
orbitrapMS in processed foods
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NONGSHIM Co., LTD., Seoul, South Korea

　
Keywords:
Mycotoxins, OrbitrapMS, Immunoaffinity column

Novel aspects:
Applying to processing foods, Using OrbitrapMS, Muti-determination of mycotoxins

Abstract:
Introduction
The risk assessment of mycotoxins contamination of foods was important because it can cause harmful health effects （e.g. 
cancer） in the humans. But the determination of mycotoxins in processing foods （e.g. snack, instant noodle） was a difficult 
experiment due to residue of extremely small amounts and adverse matrix effects （e.g. fat and sugar）. The object of this study 
was to development a reliable and fast analytical method using by immunoaffinity column and HPLC-Orbitrap MS system in 
processing foods.
-Five mycotoxins： Aflatoxin, DON, Zearalenone, Ochratoxin, Fumonisin

Materials & Methods
-Sample preparation： The immunoaffinity column was applied to ensure efficient cleanup. The homogenized 10g sample was 
weighed. 50mL of PBS （ 1 X, pH 7.4, 1 st extraction） and 50mL of 70% MeOH in DW （ 2 nd extraction） were added for extraction. 
Two aliquot of the extract were transferred into immunoaffinity column for cleanup. After drying down eluant under an nitrogen 
stream at 50&#8451；, reconstitute with 1 mL of 40% MeOH in DW containing 1 mM ammonium acetate and 0.1% acetic acid.
-LC/MS/MS analysis： 10uL of preparation sample was injected onto a XBridge C18 150*2.1mm, 3.5uL analytical column. A gradient 
LC method used mobile phases water containing 1 mM ammonium acetate and 0.1% acetic acid and methanol containing 1 mM 
ammonium acetate and 0.1% acetic acid at a flow rate of 0.2mL/min. HPLC-Orbitrap MS with ESI（+,-） probe was used and scan 
type was full scan.

Data & Results
- MS Condition： Aflatoxin B 1 （313.0707,+）, Aflatoxin B 2 （315.0863,+）, Aflatoxin G 1 （329.0656,+）, Aflatoxin G 2 （331.0812,+）, 
Fumonisin B 1 （722.3957,+）, Fumonisin B 2 （706.4008,+）, DON（355.1387,+）, Zearalenone（317.1394,-）, Ochratoxin（404.0901,+）
- Linearity： The calibration curves had R^ 2  values that were greater than 0.98.
- Recovery： Each test was performed three times and two spiked level. In snacks, the mean recovery values range from 79.0% to 
116.7% and in instant noodles from 73.8% to 94.7%.
- Repeatability： The RSD was calculated from three replicates. In snacks, the RSD range from 10.6% to 17.9% and in instant noodles 
from 8.5% to 14.4%.
- LOQ： The level of LOQ was low than the MRL established KFDA （Korea Food and Drug Administration） for mycotoxins. LOQ 
range of aflatoxin, DON, zearalenone, ochratoxin, and fumonisin were 0.1, 10.0, 5.0, 0.5, and 10.0ug/kg respectively.
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Simultaneous determination of melamine and its analogues in various 
processed foods using LTQ-orbitrap HRMS
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Keywords:
Melamin, LC-MS/MS, LTQ-orbitrap HRMS, GC-MS

Novel aspects:
Simultaneous analysis of melamine, ammeline, ammelide and cyanuric acid in various processed foods by LTQ-orbitrap HRMS is 
presented.

Abstract:
[Introduction]
Various techniques have been used to detect melamine and cyanuric acid. But limited methods including GC-MS are suitable for 
the simultaneous determination of melamine, ammeline, ammelide and cyanuric acid.
However, derivatization is necessary to GC-MS detection, and comparatively poor reproducibility of the quantitative analysis may 
be unavoidable due to the incomplete derivatization.
At the same time, because of the large polarity of melamine and its related compounds, RP-HPLC method has weak retention and 
poor separation efficiency.
The purpose of our study was to develop a LTQ-orbitrap HRMS method for the simultaneous determination of melamine and its 
analogues in processed foods （e.g. instant noodle soups and milk products）.

[Methods]
The US FDA method for melamine and cyanuric acid was followed with some modifications made to establish a method for all 
four compounds.
The sample was separated on a Biobasic AX column with acetonitrile-10 mM ammonium acetate （78：22, v/v） as the mobile phase 
at flow rate 0.2 mL/min, and determined by positive and negative ESI mode. Test sample was extracted with 2.5% formic acid. The 
extract was centrifuged and the supernatant was determined by LC-MS/MS and confirmed by LTQ-orbitrap HRMS. Separation was 
achieved within 10 minutes using a column.
SPE cartridge was used as a clean-up filter to retain matrix interferences while all the polar analytes pass through.
（ 15 N 3 , 13 C 3 ）-melamine, （ 15 N 3 , 13 C 3 ）-cyanuric acid,  13 C 3 -ammeline and  13 C 3 -ammelide were used as internal standard, respectively.

[Preliminary data]
Under the optimized conditions, the retention times of melamine, ammeline, cyanuric acid and ammelide were about 2.8, 3.6, 4.0 
and 7.2min, respectively.
For each analyte, a single mass spectral peak corresponding to the ［M+H］+ ion or ［M-H］- ion was observed. Accordingly, the 
［M+H］+ ions were used as precursor ions for melamine and ammeline, while the ［M-H］- ions were used as precursor ions for 
ammelide and cyanuric acid.
Accuracy mass ： melamine （+, C 3 H 6 O 6 , 127.07267）, cyanuric acid （-, C 3 H 3 N 3 O 3 , 128.00907）, ammeline （+, C 3 H 5 N 5 O, 128.05669） and 
ammelide （+, C 4 H 4 N 4 O 2 , 129.04070）
Isotope accuracy mass ： melamine （+,  13 C 3 ,  15 N 3 , 133.07384）, cyanuric acid （-,  13 C 3 ,  15 N 3 , 134.01024）, ammeline （+,  13 C 3 , 131.06675） 
and ammelide （+,  13 C 3 , 132.05076）
The limit of detection was 0.01 mg/kg and the limit of quantification was 0.5 mg/kg. The RSDs of the retention times and peak 
areas were 0.02~0.80 and 1.01~2.80%, respectively. The mean recoveries were varied from 85.0 to 102.1% for four targets in the various 
instant noodle soups and milk products.
The method was validated and good results were obtained with respect to precision, repeatability and spiked recovery,
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Determination of DNA adducts originating from methyleugenol using 
isotope-dilution UPLC-ESI-MS/MS
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Keywords:
DNA adducts, UPLC-ESI-MS/MS, methyleugenol, MRM quantification

Novel aspects:
Development and application of UPLC-ESI-MS/MS method for quantification of DNA adducts originated from methyleugenol

Abstract:
Methyleugenol （ME） is a secondary metabolite present in many herbal spices. Former observations indicate that hydroxylation 
followed by sulfation is an important bioactivation pathway of ME and other alkenylbenzenes leading to carcinogenicity in animals. 
In this context, DNA adducts of activated alkenylbenzenes have been detected in vitro and in vivo using the  32 P-postlabeling assay. 
This method cannot provide structural information of the detected adducts. Therefore, the aim of the present study was to 
characterize the chemical structures of ME-derived DNA adducts on the basis of MS-MS fragmentation patterns. Furthermore, we 
developed a sensitive quantification method using UPLC-ESI-MS/MS suitable for studying the bioactivation as well as adduct 
formation potential of ME in vitro and in animal models.
The UPLC-ESI-MS/MS method developed is based on the analytical determination of adducted 2 ’-deoxynucleosides using isotopic 
dilution analysis. For this purpose, stable-isotope labeled adduct standards of the ME-derived 2 ’-deoxyguanosine adduct and 2 ’
-deoxyadenosine adduct were synthesized.
Extracted DNA is enzymatically hydrolyzed into 2 ’-deoxynucleosides with addition of stable-isotope labeled compounds as 
internal standards. Afterwards the analytes are separated from digestion mixture ingredients by protein precipitation using 
ethanol. The 2 ’-deoxynucleoside adducts are chromatographically separated within 4  minutes. MRM data are aquired in the 
positive ion mode using three transitions for each adduct. All analyses are conducted with an ACQUITY UPLC （Waters） connected 
to a Xevo™ TQ MS （Waters）.
By means of daughter scan experiments we were able to identify the structures of DNA adducts originated from ME, which were 
confirmed by NMR data. Consequently we generated MRM methods for these adducts. Therefore, we could identify and 
absolutely quantify adducted 2 ’-deoxyguanosine and 2 ’-deoxyadenosine in samples resulting from in vitro and in vivo 
experiments. The achieved sensitivity of this method is nearly one adduct per 10 8  nucleosides. 
In summary the new developed method represents a suitable and improved alternative for detection of ME-derived DNA adducts. 
Furthermore,ME-derived RNA adducts can be analyzed in the same UPLC run applying RNA adduct specific MS-MS transitions.
By means of this method we investigated the bioactivation pathway of ME via sulfation as well as the DNA adduct formation 
potential in vitro （ 1 ）and in vivo. Moreover, we even could demonstrate the presence of ME-derived DNA adducts in human 
tissues. 

（ 1 ） Herrmann, K., Engst, W., Appel, K. E., Monien, B. H., Glatt, H. （2012） Identification of human and murine sulfotransferases able 
to activate hydroxylated metabolites of methyleugenol to mutagens in Salmonella typhimurium and detection of associated DNA 
adducts using UPLC-MS/MS methods. Mutagenesis, （in press） doi： 10.1093/mutage/ges004.
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Exploring the application of a universal method for pesticide screening in 
foods using a high data acquisition speed MS/MS
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LC/MS/MS, Pesticides Screening, Generic Peak Integration Parameters

Novel aspects:
Pesticides in food matrices were automatically identified by using fast 5 msec dwell time SRM and generic peak integration 
parameters

Abstract:
Effective management, use, and disposal of agrochemicals, particularly pesticides, is an increasing important health and 
environment issue in developing countries where economies may be heavily reliant on agriculture. The conventional approach is 
to develop highly optimized triple quad MRM methods to achieve the required levels of sensitivity and selectivity whilst still 
providing confidence in pesticide identification. The technology developed for fast scanning MRM analysis creates the advantage 
of developing multi-screening approaches for environmental target analysis and allows the possibility of a single generic ’universal’ 
method. In this present study, high speed MRM analysis and a generic parameter set were used for screening 176 pesticides （352 
SRM transitions） with 5 msec dwell and 1 msec pause times in different food matrices.

Compounds were analysed with a triple quadruple mass spectrometer （LCMS-8040, Shimadzu Corporation, Japan）. Separation 
was achieved with UHPLC （Nexera, Shimadzu Corporation, Japan）. 352 MRM transitions were monitored over the entire 
chromatographic run, 0  minutes to 20 minutes； therefore retention time data was not required for each compound. The dwell 
and pause time for each SRM transition was 5  msec and 1  msec, respectively, including one polarity switch during the loop. The 
total loop time was 2.058 seconds which allowed approximately 10 data points to be collected for each peak, with a peak width 
for studied compounds of about 20 seconds. 

Three different challenging matrices were analysed （green tea leaves, leeks and paprika）, with sample preparation carried out 
according to methods suggested by Japan’s Ministry of Health, Labour and Welfare. 10 pesticides （Carbofuran, Chlorfluazuron, 
Fosthiazate, Hexathiazox, Indanofan, Lufenuron, Mevinphos, Propoxur, Pyrimidifen, and Tricyclazole） were spiked in green tea 
leaves, leeks and paprika extract solution, each at a 10 ppb concentration. A 100 ppb spiked sample （green tea leaves） was also 
prepared to develop the generic peak integration parameters used for compound identification. For each MRM mass 
chromatogram, the largest peak was automatically selected as the target compound to permit automatic identification of target 
analytes without retention time data. 
The results showed that with regards to leek and paprika extract all 10 pesticides were automatically detected. In the case of a 
green tea leaf extract, all pesticides except Indanofan were correctly identified （Indanofan was not automatically identified as a 
larger peak was also present in the mass chromatogram； a minor change to the method to create a retention window would 
resolve this issue）. 
The screening of 176 pesticides resulted in eight false positives in leek extract, seven in paprika extract and ten in green tea leave 
extract.
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Multi-class pesticide analysis in challenging vegetable matrices using fast 
5 msec MRM with 15 msec polarity switching
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Keywords:
Pesticide, QuEChERS, LCMS-8040 triple quadrupole mass spectrometer, Ultra-fast MRM, Ultra-fast polarity switching

Novel aspects:
Over one hundred pesticides spiked into complex vegetable matrices at 5  ppb were successfully detected in a single analysis.

Abstract:
Many regulatory authorities have established multi-class residual pesticides methods for the analysis of vegetables, fruits and 
other food stuffs. However, there is no global agreement on the provision of a target list of pesticides and this presents a risk with 
products moving between different regulatory requirements.
In order to eliminate this risk, food safety laboratories need to ideally screen as many compounds as possible in a single run 
which may reach maximum residual limits （MRL）； typically 10ppb in food matrices. In this study we report the application of ultra-
fast 5 msec SRM with 15 msec polarity switching for the analysis of 138 pesticides, while still obtaining excellent LOQs for the 
majority of compound < 10 ppb.
Leek and Paprika （yellow and red） were purchased from a local Japanese grocery store, with the country of origin Japan （Leek） 
and New Zealand （Paprika）. Sample preparation was carried out by the use of a quick, easy, cheap, effective, rugged and safe 
（QuEChERs） method. LCMS-8040 triple quadruple mass spectrometer （Shimadzu, Japan） was used to monitor 276 MRM transitions 
（two MRMs per compound）. Each transition was monitored plus-minus 0.8 minutes of the target analytes retention time. The 
maximum loop time was 0.58 seconds and the maximum number of overlapped MRM transitions was 98 （Dwell time： 5  msec, 
Pause time： 1  msec）.
According to the method published by the European Union Reference Laboratory （EURL） entitled “Multiresidue Method using 
QuEChERS followed by GC-QqQ/MS/MS and LC-QqQ/MS/MS for Fruits and Vegetables“, 138 pesticides were selected as target 
analytes with sample pre-treatment by QuEChERs methods. Of these 138 pesticides, the EURL analysed and validated 66 pesticides 
by GC-QqQ and the remaining 72 pesticides by LC-QqQ. In contrast to the EURL method, in this study all 138 pesticides were 
analysed in a single analysis using MRM after spiking into vegetable matrices. This was achievable due to the fast dwell （ 5  msec） 
and pause times （ 1 msec） and rapid polarity switching （15 msec） of the triple quadruple mass spectrometer. Each MRM was 
optimised and calibration curves constructed in the range 1  to 1000 ppb. 21 pesticides measured by GC-QqQ in the EURL method 
did not reach the necessary LOQ （10 ppb）, but the remaining 45 pesticides achieved excellent LOQs in the range 0.08 to 10 ppb. 
5  ppb and 50 ppb matrix matched standards were prepared for recovery studies. 90 % of the pesticides analysed presented 
excellent recoveries in the range 70 -120 % in all studied matrices.
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High Throuput Quantitative Analysis of Multi-mycotoxin in Beer-based 
Drinks using UHPLC-MS/MS
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Keywords:
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Novel aspects:
Development of a robust MS/MS method for the analysis of mycotoxins in complex commercial beverages with near zero carry 
over.

Abstract:
Mycotoxins often exist as contaminants in grains used in beer manufacturing. To maintain consumer needs for food safety, highly 
sensitive methods of detection are required by food and beverage manufactures.
 UHPLC-MS/MS offers the best combination of selectivity, sensitivity, and speed for detection of these compounds in complex 
matrices. A high throughput method for the quantification of 14 mycotoxins in beer-based drinks was developed. While high 
sensitivity analysis was achieved, the nature of the analysis is characterized by a significant carry over issue as a result of the 
complex matrix. To enhance the robust detection of mycotoxins in beer-based drink analysis and to maintain high sensitivity, a 
novel autosampler technology was evaluated in this study. 
 MRM transitions were optimized for a range of mycotoxin standards （patulin, nivalenol, deoxynivalenol, aflatoxin B 1 , B 2 , G 1 , G 2 , 
T- 2  toxin, HT- 2  toxin, zearalenone, fumonisin B 1 , B 2 , B 3 , and ochratoxin A） and analyzed using a Nexera UHPLC coupled to LCMS-
8030 triple quadrupole mass spectrometer （Shimadzu Co.）. Mycotoxins were separated using ODS column maintained at 40 °C. 
Mobile phase： A - water + ammonium acetate, B - methanol + acetic acid. LC/MS was equipped with an electrospray ion source, 
and analyzed in positive / negative switching mode. 
 Nexera autosampler was configured to perform multiple rinse modes with two rinse solvents to eliminate sample carry over.
 To optimize MS detection, the MRM method for the 14 mycotoxins took into account positive and negative ion detection； 
Aflatoxin B 1 , B 2 , G 1 , G 2 , T- 2  toxin, HT- 2  toxin, fumonisin B 1 , B 2 , B 3 , and ochratoxin were detected in positive mode while patulin, 
nivalenol, deoxynivalenol and zearalenone were detected in negative mode.
 UHPLC separation optimization for fumonisin B 1 , B 2 , B 3  was enhanced with acetic acid as the buffer solution. Conversely, acetic 
acid solution in the mobile phase reduced the sensitivity for patulin, nivalenol and deoxynivalenol. By controlling the concentration 
of acetic acid and ammonium acetate with gradient elution program, the response and chromatographic behaviour for 14 
mycotoxins was optimized using a cycle time of 11 minutes. 
 However, autosampler carryover was observed for fumonisin B 1 , B 2 , B 3  and zearalenone using a single rinse mode. To eliminate 
this problem completely a novel auto-sampler technology was considered. Using the multi-rinse function of SIL-30AC auto-sampler 
（Shimadzu Co.）, the interior and exterior surfaces of the autosampler needle were automatically washed with 2  different types 
of rinse solutions. In this auto-sampler mode, the dilution series of 14 compound standards resulted in linear calibration curves, 
excellent sensitivity near zero carry over. This method was then applied to the routine quantitative analysis of mycotoxins present 
in a variety of commercial beer-based drinks following extraction and purification by SPE.
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Molecular Imprinted Polymer@Magnetic Nanoparticles Combined with 
Liquid Chromatography Mass Spectrometry for Determination of 
Glycoalkaloids in Potato
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Keywords:
molecular-imprinted polymer, magnetic nanoparticles, liquid chromatography-mass spectrometry, food safety, toxic glycoalkaloids

Novel aspects:
MIP@MNPs coupled with LC-MS for determination of trace toxic glycoalkaloids in potato plants.

Abstract:
Some of the glycoalkaloids in food have toxicity to humans. Among the toxic glycoalkaloids； α-solanine and α-chaconine are 
produced in all port of the potato plants. In food safety issue, it is important to develop a sensitive and selective analytical method 
for quantification of trace toxic glycoalkaloids in food. In this research, a novel analytical method, molecular-imprinted polymer-
modified magnetic nanoparticles （MIP@MNPs） as extraction adsorbents combined with liquid chromatography-mass 
spectrometry, was developed for determination of trace α-solanine and α-chaconine in potato plants and relative products. The 
experimental conditions including the synthesis of MIP@MNPs and extraction parameters were optimized in this study. The 
linearity, correlation coefficient, limits of detection （LODs）, and limits of quantitation （LOQs） were also evaluated. The analytical 
linear ranges for α-solanine, α-chaconine, and solanidine were obtained at 0.01-10 and 0.05-50 ng/g, respectively. The precision 
expressed by relative standard deviation （RSD） were below 8.2%. The LODs of proposed method ranged from 11 to 160 pg/g. The 
feasibility of applying the proposed method to determine the trace toxic glycoalkaloids in potato was also examined. The trace 
amount of α-solanine, α-chaconine, and solanidine in potato were detected by proposed method at 3.3, 6.0, and 4.2 ng/g, 
respectively. The results showed the developed method can be successfully utilized for analyzing the α-solanine, α-chaconine, 
and solanidine in potato.
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Determination of cyromazine and melamine in chicken eggs by using 
QuEChERS coupled with liquid chromatography tandem mass 
spectrometry
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Keywords:
Cyromazine, melamine, QuEChERS, LC-MS/MS

Novel aspects:
QuEChERS was developed to extract the trace cyromazine and melamine in chicken egg samples by using small volume of 
extraction solvent and variety of sorbent.

Abstract:
A rapid and sensitive method has been developed for the simultaneous detection of cyromazine and melamine in chicken eggs by 
using the quick, easy, cheap, effective, rugged and safe （QuEChERS） method coupled with a liquid chromatography tandem mass 
spectrometry （LC-MS/MS） system. The optimal sample preparation conditions for liquid-liquid extraction were 5  mL of 
acetonitrile with a 0.1 M hydrochloric acid aqueous solution （99.5：0.5, v/v）. The extract was cleaned with 0.5 g of anhydrous 
magnesium sulfate and 10 mg of graphitized carbon black. The analysis of cyromazine and melamine was accomplished by 
combining the use of an anion exchange LC column with tandem mass spectrometry in the positive electrospray ionization with 
selected reaction monitoring mode （SRM）. The detection limits were 1.6 ng g -1  for cyromazine and 7.5 ng g -1  for melamine, and 
the quantification limits were 5.5 ng g -1  for cyromazine and 25 ng g -1  for melamine. The recovery of cyromazine and melamine in 
spiked egg sampleswas 83.2 % and 104.6 % , respectively, with an RSD of less than 18.1 % . Intra-day and inter-day precision, 
represented as an RSD ranged from 1.5% to 8.8% and 6.8% to 14.3%, respectively. The proposed method was tested by analyzing 
chicken eggs from the market and the veterinary medicine laboratory. The results of this study reveal that the proposed method 
can be used to adequately analyze cyromazine and melamine in chicken eggs. The concentrations of cyromazine and melamine 
detected in these samples were in range of 20 to 94 ng g -1 .
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DIFFERENTIATION OF FARMED FISH AND WILD SEAFISH USING 
ISOTOPIC SIGNATURES
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Keywords:
Strontium Isotopic Ratios, Light Isotopic Ratios, Farmed VS Wild Marine Fish, Atlantic Cod, Food Fraud

Novel aspects:
First report on the use of isotopic tecnniques to differentiate between wild and farmed atlantic cod, particularly the use of 
strontium isotopic ratios which has never been attempted.

Abstract:
Worldwide consumption of fish has risen dramatically over the decades. Overfishing, a consequence of this demand, has led to 
decline of fish stocks and depletion of marinefood webs in many parts of the world. To meet the increasing demand for seafood, 
aquaculture has developed as it offers a cost effective supply of seafood. However, aquaculture employs the use of antibiotics, 
dyes, growth hormones, “sustainable fish feeds“ where marine proteins are being substituted with plant based proteins as well 
as fish-feed produced from genetically modified raw materials. This may result in increased levels of contaminants in aquacultured 
fish but also may change their nutritional value. Wild fish being perceived as the superior product can therefore command a higher 
price on retail markets. This opens avenues for food-fraud by mislabeling. It is estimated that the origin of 25 to 70% of seafood is 
fraudulently declared. This project aims to develop an ultrasensitive method to distinguish wild and farmed cod （Gadus morhua） 
by employing strontium （ 87 Sr/ 86 Sr）, carbon （ 13 C/ 12 C） and nitrogen （ 15 N/ 14 N） isotopic ratios in fish meat as a dietary marker. 
Techniques involving Thermal Ionisation Mass Spectrometry （TIMS） and Isotope Ratio Mass Spectrometry （IRMS） for measuring 
carbon, nitrogen and strontium isotope variations were developed.

Differences in natural strontium isotopic ratios arise in nature due to the decay of  87 Rb to  87 Sr. This radiogenic decay has produced 
distinctly different Sr isotope abundances in different parts of the Earth crust over its history. This isotopic signature is 
incorporated into plants and will be passed onto fish through feed prepared from the plant material. In contrast, due to the long 
residence time of Sr in seawater （millions of years）, compared to the turnover time of the oceans （millennia）,  87 Sr/ 86 Sr is 
homogeneous throughout the world’s oceans at any given time. Wild marine fish should display the unique strontium isotopic 
ratio of seawater as a result of feeding solely on marine organisms, while farmed fish should exhibit an isotopic ratio more 
terrestrial in nature, as fish feed in aquaculture utilizes terrestrial plant based materials. Differences in carbon and nitrogen isotopic 
values arise for the same reason, i.e. wild and farmed cod should differ essentially in the isotope signature taken up from feed.

Methods for the analysis of strontium isotopic ratios in cod involved microwave digestion of tissue, separation of the strontium 
ions from interfering elements using ion exchange chromatography and finally analysis of the purified fraction using TIMS. 
Achievable precisions for  87 Sr/ 86 Sr are of the order of parts per million （0.0017% RSD； n= 6 ）. Analysis of both wild and farmed cod 
from Norwegian fish farms showed similar strontium isotopic ratios despite differences in feed. This contradicts the initial 
hypothesis that both groups of fish should exhibit different strontium isotopic ratios and that cod acquires strontium primarily from 
water and not from feed. Measurement precision was on the order of 0.1‰ for nitrogen and 0.06‰ for carbon. By combining both 
signatures, wild and farmed cod could be distinctly separated from one another which may turn the developed techniques into an 
important tool for differentiating farmed from wild cod.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Food safety

PTh-181
11:10 － 12:20

Evaluation of a new ion source to improve the limit of quantitation for 
chloramphenicol on a UHR-TOF
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Keywords:
Heated electrospray source, 15 to 15 fold improvement in sensitivity, quantification of chloramphenicol in different matrices

Novel aspects:
Improved sensitivity for chloramphenicol in different matrices on a UHR-TOF with a newly developed heated electrospray source

Abstract:
Introduction
Chloramphenicol （CAP） is used as a broad-spectrum antibioticum in veterinary medicine. Due to the serious side effects for 
humans it has been banned for all food producing animals in various countries. Current law in the European Union （EU） requires a 
minimum required performance limit （MRPL） of 0.3 ug/kg or 0.3 ppb. We present here a work using an accurate mass target 
screening approach to quantify CAP in different typical matrices, such as meat, urine or honey. Heated electrospray sources are 
known to be show sensitivity boosts for certain compound classes. A newly developed heated electrospray source will be 
presented that is capable of high liquid flows and should help to improve the sensitivity of these samples from complex matrices. 

Methods
Chloramphenicol was spiked into homogenized beef-muscle at different concentrations from 0.25 ng/kg to 10 ug/kg. For sample 
preparation ethylacetate was added. The sample tubes were vortexed, shaken overhead, centrifuged and the supernatant 
collected. The combined ethylacetat-fraction was applied to equilibrated NH 2  SPE （Supelco supelclean NH 2  500 mg, 3  mL） and 
the eluate directly collected. The samples were separated with a short 4.5 min gradient on a UHPLC system. Data acquisition was 
performed in negative mode using a Ultrahigh Resolution （UHR）-TOF equipped with a new heated electrospray ionization MS 
source. For comparison the samples were analyzed with a standard ESI source and the heated ESI source. 

Preliminary Data
During the characterization of the source it was identified that important parameters for the heated electrospray are sheath gas 
and the vaporizer temperature. For chloramphenicol the optimum conditions were 4  l/min N 2  sheath gas and 320 degree C 
vaporizer temperature. With the new heated electrospray a 10 to 15 fold improvement in sensitivity was observed for 
chloramphenicol in the different matrices, compared to a standard electrospray source. In meat the limit of detection was below 
0.001 ug/kg and the limit of quantitation below 0.0025 ug/kg. At 0.0025 ug/kg the average S/N was 15.4 and the RSD 9  % for 6  
technical replicates. We found a good linear dynamic range from 0.001 to 10 ug/kg. The limit of quantitation for this zero-tolerance 
substance in the different matrices was well below the required MRPL of 0.3 ug/kg. The complete characterization of the source 
for the quantification of chloramphenicol in different matrices will be presented.
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MASS SPECTROMETRY IDENTIFICATION AND CHARACTERIZATION OF 
GIBBERELLINES IN FRUITS
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Keywords:
Gibberellins, UHPLC, Mass Spectrometry, Electrospray

Novel aspects:
A common fragmentation pathway for GAs is established. A strategy for non-target GAs identification using mass spectrometry 
data and LC retention windows predicted from estimated log Poct/wat is proposed

Abstract:
Gibberellins （GAs） are an important class of plant hormones that regulate growth and influence some developmental processes. 
GAs are used in agriculture and horticulture to break dormancy, to speed up flowering and fruiting and to stimulate the 
production of seedless fruits in the absence of pollination, probably by stimulation of production of endogenous GAs that enhance 
their activity. All known GAs are tetracyclic diterpenoid acids derived via the ent-gibberellane skeleton,but synthesised via ent-
kaurene. Actually, more than 130 GAs have been identified from plants, fungi and bacteria and they are classified in two classes 
based on the presence of either 19 or 20 carbons. The 19-carbon gibberellins, such as gibberellic acid （GA 3 ）, possess a five-
member lactone bridge that links carbons 4  and 10. The 19-carbon forms of GAs are the biologically active. These compounds 
differ in the number and site of hydroxyl groups. In general, the most biologically active compounds are dihydroxylated 
gibberellins, which possess hydroxyl groups on both carbon 3  and carbon 13 （e.g. GA 3 ）. The low concentration of some of 
these compounds and the matrix complexity of vegetable samples make indispensable the use of mass spectrometry in 
combination with liquid chromatography （LC/MS） for their identification, confirmation and characterization. It must be taken into 
account that the few commercial standards available make difficult the development of analytical methods. Additionally, tandem 
mass spectrometry information about GAs is limited.
The aim of this work was to develop a sensitive and selective method for the identification and characterization of GAs. For this 
goal, mass spectrometry tools and chromatographic strategies have been combined to propose a method for the analysis of the 
whole family of GAs. Ultrahigh performance liquid chromatography on a sub- 2 µm C18 reversed phase column （MeOH： 0.1 % 
formic acid and gradient elution） provided the separation of available standards （GA1, GA3, GA 4  and GA 7 ） in less than 5  min 
with high efficient peaks. Octanol-water constants （log P oct/wat ） were estimated （software： VCCLABS） for all GAs and their 
interpolation in the experimental retention data allowed us to predict retention windows for the searching of non-target GAs. 
Electrospray was used as ionization source in negative mode being ［M-H］ -  the base peak. A fragmentation pathway was proposed 
for GAs based on the tandem mass spectrometry data obtained in a triple quadrupole mass analyzer and this fragmentation 
pathway was used to predict the potential main product ions of non-target GAs. The diagnostic ions were used for the tentative 
identification of non-target GAs in fruit samples （apple, pear and peach） collected thorough the whole growth period. The 
presence of these GAs was confirmed by using accurate mass measurements on an Orbitrap mass analyzer and product ion scan 
with reversed energy ramp （RER） on a triple quadrupole instrument was used to monitor product ions of both low and high 
molecular weight. Target GAs （GA1, GA3, GA 4  and GA 7 ） and some non-target GAs （e.g. GA9, GA10, GA21, GA82） were detected 
and confirmed in these samples.
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EVALUATION OF ATMOSPHERIC PRESSURE IONIZATION SOURCES FOR 
MASS SPECTROMETRIC ANALYSIS OF PHENICOL DRUGS
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Keywords:
Phenicols, ESI, APCI, APPI, tandem mass spectrometry

Novel aspects:
Comparison of the behaviour of phenicols in API sources （ESI, APCI, APPI） is performed. Mass spectrometry fragmentation 
pathway has been established and some product ions has been corretly assignmed

Abstract:
Nowadays, LC-MS has become a robust and well-established analytical technique for the analysis of small molecules in food, 
biological and environmental matrices. Until recently, the most commonly used atmospheric pressure ionisation （API） sources for 
coupling liquid chromatography to mass spectrometry have been electrospray ionisation （ESI） and atmospheric pressure chemical 
ionisation （APCI） ［1, 2 ］, but atmospheric pressure photoionisation （APPI） has gained popularity in the last few years expanding 
the application field of LC/MS ［ 3 ］. However, there are only a few studies in which the suitability of the ESI, APCI and APPI 
sources for the analysis of veterinary drugs in food matrices has been compared ［ 4 - 6 ］. 
In this work, the veterinary drug family of phenicols, including chloramphenicol （CAP）, a wide-spectrum antibiotic, and its related 
compounds thiamphenicol （TAP）, florfenicol （FF） and florfenicol-amine （FFA）, was studied by LC-MS/MS. Their behaviour in ESI, 
APCI and APPI under fast liquid chromatographic separation conditions （Fused Core Phenyl-Hexyl column, methanol：acetic 
acidammonium acetate buffer, 5  mM and pH 5 ） was compared taking into account both positive and negative ionization modes. 
For APPI different dopants （toluene, anisole, tetrahydrofuran, chlorobenzene and acetone） were tested evaluating their 
performance in terms of ionization efficiency and mass spectral data. In all API sources CAP, TAP and FF ionized in both positive 
and negative modes, while for the metabolite FFA only positive ionization was possible. In general, in positive mode ［M+H］ +  
dominated the mass spectrum for FFA, while the other compounds, CAP, TAP and FF, with lower proton affinity showed an 
additional intense ion ［M+NH 4 ］ + . Moreover, in-source fragmentation was also observed （loss of H 2 O） for FFA, FF and CAP at high 
source temperature such as in H-ESI and APCI. This water loss was enhanced in APPI and the relative abundance of this fragment 
ion depended on the dopant nature. In some cases, it become the base peak of the mass spectrum. In negative mode, ESI and 
APPI showed the deprotonated molecule ［M-H］ - , while APCI provided the radical molecular ion by electron capture. Additionally, 
chloride adduct formation ［M+Cl］ -  was observed in ESI and APPI （depending on the dopant） and the loss of HF occurred. All 
these ions were characterized by tandem mass spectrometry a common fragmentation pathway was established for this family of 
compounds. This mass spectrometry study allowed us to clarify some discrepancies observed in the literature in relation to the 
assignment of some product ions commonly used for quantitative and confirmative purposes.
References
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Keywords:
pesticide residues analysis, supercritical fluid chromatography, mass spectrometry

Novel aspects:
Supercritical fluid coupled with tandem mass spectrometry allowed us to analyze pesticides with a wide range of polarities and 
molecular weights simultaneously.

Abstract:
Application of pesticides to agricultural products is an efficient means of mitigating unacceptable loss of agricultural production. 
However, pesticide residues in food products may cause health problems ranging from simple skin irritation and nausea to more 
life-threatening ones such as acute poisoning and breathing problems. Therefore, the maximum residue limits （MRLs） for 
pesticides, veterinary medicines, and food additives have been established in various countries. Hence, many researchers have 
focused on the development of a system for the simultaneous and rapid analysis of multicomponent pesticides. Combination 
techniques such as gas chromatography/mass spectrometry （GC/MS） and liquid chromatography/mass spectrometry （LC/MS） 
are commonly used for pesticide residue analysis, but there is no reported method for the simultaneous analysis of multiple 
pesticides in a sample using a single instrument. Supercritical fluid chromatography （SFC） offers high resolution at high flow rates 
and various separation modes and hence may aid the rapid simultaneous analysis of pesticide residues. We developed an SFC/
MS/MS method and analyzed 17 pesticides with a wide range of polarities （logPow = 4.6 to 7.05） and molecular weights （112.1 to 
888.6） within 11 min using a polar-embedded reverse-phase column. This SFC-based system can analyze various pesticides that are 
traditionally analyzed by separate processes such as GC/MS and LC/MS. Since the elution power of SFC can be changed by the 
addition of a polar solvent, diquat dibromide together with cypermethrin and tralomethrin could be detected in the presence of 
various other pesticides using a single mobile phase. Usually, diquat dibromide requires a special analysis method such as ion 
chromatography and ion-pair LC, while cypermethrin and tralomethrin are analyzed by GC. This result showed that SFC is also 
applicable to the analysis of many more pesticides with logPow values ranging from 4.6 to 7.05. Most of the compounds were 
detected even at ng/L levels, while diquat dibromide, fosetyl, maleic hydrazide, and cypermethrin were detected at µg/L levels. 
The limit of detection （LOD） and limit of quantification （LOQ） of most compounds were higher in agricultural extracts （rice, onion, 
and spinach） than in standard mixtures. However, the LODs of most compounds except for highly hydrophobic ones such as 
tralomethrin, cypermethrin, and etofenprox in onion were much lower than the corresponding Japanese maximum residue limits. 
The proposed method can also be used to detect pesticide residues in agricultural product extracts obtained by a suitable 
extraction method； the sample purification procedure can be simplified by adopting the standard addition method, and the 
analysis does not involve any complex pretreatment process such as derivatization. Therefore, we conclude that SFC/MS is a high-
throughput, robust, and highly reproducible technique for rapid and simultaneous pesticide residue analysis. A more practical 
screening system based on SFC/MS for pesticide residues will be constructed in near future.
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Keywords:
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Novel aspects:
Recently GC columns that allow separation of chrysene and triphenylene were commercialised. A lack of chromatographic 
resolution might lead to overestimation of chrysene and to false conclusions of the samples.

Abstract:
Polycyclic aromatic hydrocarbons （PAHs） are organic contaminants formed primarily by incomplete combustion during food 
processes, such as drying, grilling, smoking and roasting. The European Union （EU） has published a recommendation for the 
monitoring of 15+ 1  EU priority PAH compounds typically abundant in different kinds of foods. According to the scientific opinion 
by the European Food Safety Authority （EFSA, 2008）, benzo［a］pyrene alone is not a suitable indicator for the occurrence and 
toxicity of PAHs in food. Based on this fact as of September 2012, in addition to benzo［a］pyrene, the maximum limits will be 
determined for the sum of four PAHs （benzo［a］pyrene, benz［a］anthracene, chrysene and benzo［b］fluoranthene）.Typically 
the GC columns used for the separation of PAH compounds include non-polar stationary phases, developed for the determination 
of environmentally important PAHs, as reported in the US EPA priority list. However, these phases do not usually provide adequate 
separation for certain critical pairs of PAH’s that are important for food contamination. An example of such critical pairs is 
chrysene （Chr） and triphenylene （Trp）. Chr and Trp are isomeric compounds having exactly the same molecular weight and 
fragmentation patterns, making their identification a challenging task even when using tandem mass spectrometry （MS/MS）. 
Their resulting co-elution, together with the fact that they are undistinguishable in the detector, may cause analytical problems 
such as overestimation of contamination levels for Chr, as well as for the PAH 4  compounds. Due to analytical problems for the 
determination of the critical pair of Chr and Trp by using traditional non-polar GC columns, other approaches must be applied to 
ensure consumer safety. Not until recently, did columns that allow separation of Chr and Trp become commercially available. In 
this study, GC columns with different chemistries were tested to solve the problem with the co-elution of Chr and Trp. The 
analytical columns tested were a Phenomenex Zebron ZB-50 and an Agilent Select PAH. The Zebron ZB-50 column has high polar 
phenyl siloxane phase which has higher temperature limits than other widely used stationary phase chemistries. The Select PAH 
capillary column offers enhanced selectivity towards PAHs, separating the isomers and overcoming the limitations of other GC 
columns. Smoked fish samples were analysed by using both columns. In addition, a sample with known amount of Chr obtained 
from an inter-comparison study was analysed. The determination of PAHs was conducted by using an ISO 17025 accredited GC-
MS/MS method. In the poster presentation the effects of using those two GC column chemistries on the analytical results of Chr in 
fish samples will be presented. Preliminary findings from this study show that successful separation of Chr and Trp was achieved 
only with the Agilent Select PAH column.
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Keywords:
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Novel aspects:
Applying a novel ion source design with turbulent and laminar flow regions to food safety analysis using MS/MS detection

Abstract:
In today’s global marketplace, as foods are produced and distributed throughout the world, food quality and food safety become 
increasing concerns for consumers, governments and producers. There is a need to develop residue methods with fast turn-
around times and preferably with only minimal sample preparation and clean up. LC-MS/MS is the ideal analytical tool to fulfil the 
requirements for speed, sensitivity, selectivity and robustness. Recent developments in the design of mass spectrometer and LC 
column packing materials allow more components to be analyzed in the same injection within a reasonable short time and thus 
make high throughput multi-compound analyses become a reality. Reports of the LC-MS/MS determination of hundreds of 
pesticides in various fresh produce and other agricultural commodities and the determination of veterinary drug residues in animal 
tissues are now common place ［［ 1 ］］.

Difficulties remain when trying to discriminate analytes from co-extracted matrix components that exhibit similar physiochemical 
properties. If not addressed this can lead to a reduction in quality of data and can impact a laboratory’s performance and 
reputation. Matrix components can cause increased chemical noise and ion suppression. When experienced in combination this 
makes determinations of residues at low concentrations very difficult. In addition to problems caused by the sample matrix, some 
analytes exhibit poor response in electrospray ionisation. Successful analysis of these compounds to the regulatory concentration 
limits is difficult. Increasing the amount of sample introduced is impractical as this approach can lead to an increase in ion 
suppression. A much more practical solution is to use increased instrument sensitivity to maximise performance at these required 
concentrations.

This paper describes the application of a novel ion source design which increases electrospray sampling efficiency using turbulent 
and laminar flow gas flows generating ions with well-defined ion energy. Described here are some initial data illustrating the 
application of a novel source design interfaced with a triple quadrupole mass spectrometer to provide suitable sensitivity and 
robustness for the determination of pesticides and veterinary drug residues in a range of typical foodstuffs and animal tissues, 
respectively, for official control purposes.

［ 1 ］A. Malik, C. Blasco and Y. Pico, J. Chromatogr. A 1217 （2010） 4018.
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Novel aspects:
UHPLC-Orbitrap based multiresidue method has been shown to have equivalent performance in quantitative and superior ability 
in target and unknown identification.

Abstract:
Introduction

Multresidue methods are employed to monitor chemical contaminants in food and environmental samples and quantitate their 
concentrations to ensure that concentrations present do not exceed the tolerance levels established by government regulations. 
Many of these multiresidue methods have been developed for pesticides, mycotoxins, veterinary drugs, and polar organic 
pollutants employing UHPLC-MS/MS in targeted analysis. These methods are selective, sensitive, cost-effective and can be 
optimized to analyze as many target analytes in a single injection. However, optimization of MS/MS parameters is a very time 
consuming process； and requires re-optimize the duty cycle, scanning efficiency and MRM transitions whenever new pollutants 
are added. Difficulties associated with maintaining MS/MS based method make UHPLC-Orbitrap and cheminformatic based 
multiresidue methods an attractive alternative. （119 words in total） 

Methods 

Samples including fresh produce and other food products such as wheat flour and raisin were purchased locally as organic or 
conventional products. Incurred samples were obtained from the FDA field laboratories and the EPA Analytical Chemistry 
Laboratory, Ft. Meade, MD. QuEChERS procedure was used in the preparation of method validation and incurred samples. 
Reversed phase UHPLC separation was achieved using 2.1x100 mm column at various flowrates to characterize and optimize 
Orbitrap operation parameters. All data were acquired in positive ionization mode. Full scan, high resolution MS data using a 
second generation Exactive were acquired at four different MS resolutions and various concentrations to investigate the selectivity 
and sensitivity. Acquired data were transferred and processed off-line using Exact Finder to data mining software to maximize 
operation efficiency. （119 words in total）

Preliminary data

Analytical data were obtained from a mixture of > 200 target pesticides prepared in solvent and produce sample matrices. These 
data are used for the determination of instrument detection limit （IDL） and matrix specific method detection limit （MDL）. 
Analyzed and processed at 5 - 7  levels of concentrations in 5 - 8  replicates analyses, the data shows that optimized Orbitrap 
extracted ion chromatogram （XIC） data can be collected at an resolution of 70,000 （FWHM at m/z 200） or higher as long as there 
is a minimal of 5 - 7  data points to define a specific chromatographic peak. IDLs were determined from solvent analytical 
standards and were in the high part-per-trillion to low part-per-billion range with > 90% of pesticides evaluated showed a MDL of 
5  part-per-billion or less. Incurred samples analyzed such as orange, Kale and cabbage showed the presence of various pesticides 
that matched patterns of field application and usage very well. Quantitative data obtained from UHPLC-Orbitrap analysis showed 
an excellent equivalency compared to those obtained from MS/MS analysis using two MRM transitions. Orbitrap analysis did have 
an edge over the two MRM based MS/MS analysis in avoiding false-positive identification, especially chemical analogs like 
spinosyn A, C and D. Post data processing software provided for the identification of targeted unknowns using chromatography 
retention time, accurate mass and isotopic pattern； achieving the identification and confirmation requirements in analytical 
chemistry. Additional cheminformatic software allowed for the use of ChemSpider of Royal Chemistry Society, greatly increase the 
confidence in the identification of unknown.



Poster Session
Thursday, 20th September� Event Hall
Core Time : 11:10 - 12:20 (Odd number), 13:30 - 14:40 (Even number)
Food safety

PTh-188
13:30 － 14:40

Multi-residue method for the confirmation of six avermectin residues in 
food products of animal origin by liquid-chromatogrphy tandem mass 
spectrometry

Myeong-Ae Kim, Jeong Woo Kang, Myung-Sin Lim, Young Hoon Bong, Chae-Mi Lim, Seoung-Wan Son
Animal, Plant and Fisheries Quarantine and Inspection Agency, Anyang, Korea

　
Keywords:
chromatography, LC/MS： drug residues, ivermectin； animal products, meat； milk

Novel aspects:
The determination and develpement of multi-residue analysis method for the confirmation of six avermectin residues in food 
products of animal origin using QuEChERS sample preparation and liquid-chromatography tandem mass spectrometry

Abstract:
A confirmation method was developed for the rapid determination abamectin, ivermectin, doramectin, moxidectin, emamectin 
and eprinomectin residues in various food products of animal origin, such as pork muscle, pork liver, pork kidney, milk and egg. 
Samples were homogenized, extracted by acetonitrile, cleaned via dispersive-clean up procedure using magnesium sulfate and 
primary secondary amine（PSA） on based QuEChERS method （quick, easy, cheap, effective, rugged and safe）. All the six 
avermectin residues in different animal-food products were simultaneously separated and determined by liquid chromatography 
electrospray ionization tandem mass spectrometry （LC-ESI-MS/MS） within 10 min. Data acquisition under positive ESI-MS/MS was 
performed by applying multiple reaction monitoring（MRM） for both identification and quantification, and mass spectrometric 
conditions were optimized to increase selectively and sensitivity. The matrix-matched calibration curves for different matrices, 
such as pork muscle, pork liver, pork kidney, milk and egg, were constructed and the interference effect of different sample 
matrices on the ionization was effectively eliminated. The LC-MS/MS method was validated with satisfactory linearity, recovery, 
precision and stability. Matrix-matched calibration curves of abamectin, ivermectin, doramectin, moxidectin, emamectin and 
eprinomectin in five different matrices were linear（r20.990） in the range 2.52000 ug/kg. The limit of detection and quantification for 
the six avermectins were in the range 0.1-12.2 and 0.2-40.6 ug/kg, respectively. Recoveries were 62.9-120.9 % with good intra- and 
inter-day precision of 7.0-14.4 and 8.6-15.0%, respectively. The method was rapid, sensitive and reliable, and can be applied to the 
quantitative analysis of avermectin residues in different animal food products.
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Novel aspects:
Multi-residue analysis of pesticides in raw bovine milk using QuEChERS method with GC-MS/MS and LC-MS/MS

Abstract:
A fast multi-residue method was developed for the screening, quantification and confirmation of 59 pesticides, belonging to 
different chemical families of insecticides, acaricides, fungicides, herbicides and insect growth regulators in raw bovine milk using 
QuEChERS method with GC-MS/MS and UPLC-MS/MS. The Optimization of different parameters such as extraction solvents 
（acetonitrile, acetone, or ethyl acetate）, type of clean-up sorbents （PSA, C18, or GCB）, GC and UPLC separation and MS/MS 
parameters were carried out. The developed method which used acetonitrile/ 1 % acetic acid as a extraction solvent and used 
PSA/C18 sorbents as a cleanup step was applied. Under the optimized conditions, GC and UPLC-MS/MS gave linear calibrations 
over the concentration range from 1  to 100 ng/mL （r > 0.990）. The recoveries were, with a few exceptions, in the range of 61 - 124 
% at the different spiked levels with satisfactory precision （CV < 16 %）. The quantification of analytes was carried out using the 
most sensitive transition for every compound and by matrix-matched standards calibration. Limits of detection （LOD） and 
quantification （LOQ） varied from 0.1-9.2 ng/mL and 0.2-19.5 ng/mL, respectively. The results indicated that the proposed method 
can be applied to the determination of 59 pesticides which have been established MRLs （maximum residue levels） in raw bovine 
milk.
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Novel aspects:
With our strategy, some of the glycated metabolites can be identified to be accumulated in aged and diabetic plasma, implying 
the potential relationship between the glycation of metabolites and diseases.

Abstract:
Highlights
 Protein-glycation has been implicated in the pathogenesis of aging, diabetes, and other angiopathy-related diseases because it 
potentially produces advanced glycation end-products （AGEs） to cause intracellular oxidative stress and alterations in protein 
functions. However, little has been verified for glycation of metabolites in cells and their involvement in cellular dysfunctions. In 
this study, we performed LC-MS-based untargeted metabolomics for mouse plasma with an attempt to obtain a library of 
glycation-vulnerable metabolites that could react with  13 C-glucose in vitro. With the library, it is evaluated whether the glycated 
metabolites would be indeed found （or accumulated） in plasma derived from naturally-aged mice and disease-related mice, such 
as senescence accelerated-prone （SAMP 8 ） and diabetic db/db lineages, respectively. Interestingly, we observed that some of the 
glycated metabolites, including amino acids and peptides； lysine, glutamine, taurine, gamma-glutamyl-lysine and glutathione, were 
identified to be accumulated in db/db plasma as compared with control plasma. We could also detect two kinds of AGEs, 
carboxymethyl lysine （CML） and 3 -deoxyglucosone （ 3 DG） in diabetic plasma. Although the causal relationship between the 
glycated metabolites identified and their productivity of AGEs awaits further investigation, this study will provide some potential 
biomarkers for early diagnosis of aging and diabetes and also offer a useful annotating strategy for previously unregistered （in 
database） metabolites having specific chemical modification, like glycation.
Rationale
 Glycation, a chemical reaction in which a reducing sugar is added to an amino group of proteins, occurs non-enzymatically in high 
glucose conditions or hyperglycemia. It results in the accumulation of deleterious advanced glycation endproducts （AGEs）, some 
of which accelerate cross-linking reaction between proteins, thereby causing their aggregation, degeneration, and dysfunction. 
Since accumulation of AGEs is suggested to be involved in aging and deterioration of diabetes-related complications, it is critical 
to regulate generation of AGEs for maintaining intracellular homeostasis. Previous studies, however, have mainly focused on 
protein-glycation as an AGEs-generator, underestimating the significance of the glycation of small-weight molecules, metabolites, 
in cells. Given that some of the metabolites have amino group in their side chain and high reactivity with many bio-
macromolecules such as proteins, nucleic acids, and lipids, it would be reasonable to say that metabolites can be glycated as well 
to serve as a source generating harmful AGEs or per se as a noise or trigger for intracellular signal transductions. Here, we perform 
a mass spectrometry-based metabolomics in combination with  13 C isotope labeling strategy to explore the glycated metabolites 
in mouse plasma. To our knowledge, this kind of comprehensive study would be unprecedented and we therefore believe that 
the knowledge obtained in this study would not only be beneficial for a better understanding of diseases but also lead to uncover 
novel aspects of molecular mechanism underlying intracellular homeostasis.
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Novel aspects:
High-throughput and high-sensitive LC/MS/MS analysis by using micro flow UHPLC

Abstract:
The measurement by LC/MS/MS is used at various fields, e.g., development of drugs, examination of food safety and so on. The 
sensitivity of the MS has been improving according to demand of the user year by year. However, further high sensitive device is 
required, and besides, high-throughput method is regarded as important. Recently high flow rate HPLC, UHPLC, is used very widely 
for LC/MS/MS analysis. But there is a demerit from viewpoint of disposal and environment load because of using a lot of organic 
solvent as mobile phase.
On the other hand, Nano LC is used in high-sensitive detection of small amount of biological substances. But operation of Nano 
LC is complicated and it is difficult to obtain stable results. So, it is not spread widely in the field using traditional HPLC methods.
In this report, we present the examples of high-throughput and more-ecological analysis by using “Micro flow UHPLC“ specialized 
in the flow rate between Nano LC and traditional HPLC.
As Micro flow UHPLC, Eksigent ekspertTM microLC 200 was used. This system can analyze by flow rate range 5  to 50ul/min or 20 
to 200ul/min respectively by changing the flow modules. Microfluidic Pump Control （MFC） technology in this system allows for 
rapid gradients to be run with excellent accuracy and reproducibility.
All experiments were run on an AB SCIEX QTRAP（R） 5500 LC/MS/MS system. To reduce band broadening at low flow rate, Hybrid 
electrode which has small diameter more than normal electrode was set to AB SCIEX QTRAP（R） 5500 LC/MS/MS system.
We also report the examination of the suitable voltage applied to the spray needle of ESI for various flow rate.
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Novel aspects:
A new approach of drugs of abuse screening using simultaneous analysis method by LC-MS/MS

Abstract:
Introduction. In recent years, the needs of forensic, toxicological and clinical analysis are becoming increasingly challenging as a 
consequence of a growing trend in the use of illicit drugs and the non-medical use of prescription drugs. Screening applications 
require rapid and unambiguous results that can be achieved using a generic analysis method designed for a large number of 
target compounds. To meet this need a universal high speed MRM triggered product ion scanning method with fast polarity 
switching was applied to simultaneously screen, quantitate and confirm （by reference to a MS/MS data base） the majority of 
drugs of abuse available in Japan. Methods. Samples were measured using a Nexera UHPLC system and LCMS-8030 triple 
quadrupole mass spectrometer （Shimadzu Corporation, Japan） with MRM triggered automatic MS/MS data acquisition. Samples 
were separated using a standard clinical protocol on a Shim-pack FC-ODS column （150 x 2 mm, 3 um）. A flow rate of 0.3 mL/min 
was used together with a gradient elution ［A； 10mM ammonium formate in water, and B； methanol］. Results. A high speed LC/
MS/MS data acquisition system was applied to drug screening in forensic, toxicological and clinical analysis. To achieve a highly 
specific and sensitive detection in screening and quantitation a MRM triggered product ion scanning method using a polarity 
switching speed of 15msec and a scan speed of 15,000u/sec was applied to 111 components including illicit drugs, psychotropics, 
hypnotics, pesticides and other substances. As the MRM acquisition time was very fast, this enabled product ion spectra to be 
generated in both positive and negative ionization mode which could be matched against a user library of compounds as an 
automated aid to screening and compound identification. Conclusions. By bringing together optimized detection Synchronized 
Survey Scan™ parameters （product ion spectral data acquisition parameters based on the MRM intensity as threshold） and library 
matching into a single integrated method package helps to generate high quality data without the need for a complex start-up.
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Novel aspects:
Within a day, high sensitive LCMS methods were developed for geno-toxic impurities, several amines and acidic compounds.

Abstract:
Introduction
Traditionally, the process of LC/MS amenable separation method development has been time consuming as well as labor 
intensive task. UHPLC based method scouting system will dramatically shorten total run time comparing to the conventional 
system and enables to output multiple results based on the various combination of different mobile phase and multiple columns 
allow you to make the comprehensive investigation of analytical conditions. And also, it is well known the sensitivity of mass 
spectrometric detection will be varied with the type of mobile phase. In this study, the UHPLC based method scouting system 
coupled to single quadrupole mass spectrometer was applied to develop the LC/MS amenable method for the simultaneous 
analysis of geno-toxic impurities, several amines and acidic compounds.

Methods
UHPLC based method scouting system （Nexera Method Scouting System, Shimadzu Corporation, Japan） is configured by Nexera 
UHPLC modules. For the detection, single quadrupole mass spectrometer （LCMS-2020, Shimadzu Corporation, Japan） was used. 
The system can be operated at maximum pressure 100MPa and enables to automatically select up to 96 unique combinations of 
8  different mobile phases as well as 6  different columns. To control the system, a dedicated control software was newly 
developed. This software （Method Scouting Solution, Shimadzu Corporation, Japan） allows you to visually configure the different 
type of columns and mobile phases. Thanks to the seamless integration with workstation software for LC/MS （LabSolutions, 
Shimadzu Corporation, Japan）, batch queue can be created automatically.

Preliminary Data
Some geno-toxic compounds such as benzene sulfonic acid ethyl, toluene sulfonic acid butyl and toluene sulfonic acid ethyl as 
well as amines and acidic compounds were selected as experimental samples. Those geno-toxic compounds have low polarity 
and are supposed to be retained by ODS column. Therefore, Shim-Pack XR-ODSII was selected. Aqueous phase must be volatile 
for LCMS, 4  kinds of aqueous phase were selected as following： 1 ） water, 2 ） 0.1 % formic acid / water, 3 ） 0.1 % formic acid + 
5  mmol/L ammonium formate water and 4 ） 5  mmol/L ammonium formate - water. For organic phase, acetonitrile, methanol and 
acetonitrile / methanol （50 / 50） were selected. Totally, 12 conditions were investigated by using Nexera Method Scouting System. 
In case of geno-toxic compounds, the combination of 5  mmol/L ammonium formate / water and methanol was selected. 
Furthermore, the gradient program was optimized using above mobile phase condition and analytical method for geno-toxic 
compounds were successfully developed. In case of amines, due to the high polarity, those could not be retained amply by ODS 
column. For amines, PFP column was selected. As the sensitivity is the primary concern for LC/MS method development, the 
combination of 0.1 % formic acid and methanol was selected even though there was other HPLC condition has shown better 
chromatographic separation. Finally, the analytical method of amines was established productively after the investigation of 
multiple gradient programs. In case of acidic compounds, those needed acidic condition for better chromatographic separation.
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Novel aspects:
This study is to establish the identification of legal highs via rapid LC-MS/MS scan method and their analogues via neutral loss and 
precursor ions scan modes.

Abstract:
One of the biggest challenges faced by forensic drug laboratories nowadays is the advent of legal highs - drugs designed to 
circumvent drug laws. They are usually analogues of existing controlled substances, with some structural modifications created to 
fall outside of legislation and to avoid identification using traditional testing methods. The analysis of legal highs can be very 
problematic due to the lack of drug reference standards for these new substances.
 In this paper, we expand upon an existing Liquid Chromatography with Tandem Mass Spectrometry （LC-MS/MS） assay for 
controlled drugs of abuse to include about 20 new synthetic cannabinoids and cathinones that have been encountered by our 
laboratory or recently reported in literature. The updated assay was developed with a reduced analysis time to offer fast and 
selective detection of these legal highs along with current controlled drugs of interest. Drug standards of these synthetic 
cannabinoids and cathinones were analysed and the optimized Multiple Reaction Monitoring （MRM） for each compound was 
determined.
 Based on the MRM data obtained as well as a study of the drugs’ fragmentation patterns, we have developed screening methods 
for the two most common groups of legal highs： synthetic cannabinoids and cathinones. As each of these groups share a similar 
scaffold, the methods utilize precursor ion and neutral loss scans that allow screening for novel analogues even without the 
availability of drug standards. This technique is extremely useful for detecting the presence of any new legal high with no known 
MRM transitions or reference MS spectrum that would otherwise have been overlooked.
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Novel aspects:
Coupling comprehensive In-source CID with high-resolution TOFMS enables advanced signal processing algorithms and data 
interrogation tools to rapidly detect and confirm novel abused substances.

Abstract:
To accurately map the rapidly evolving landscape of chemical substance abuse requires analytical technologies that can detect 
targeted and untargeted analytes with equal facility. High-resolution time-of-flight mass spectrometry can offer the forensic 
scientist such capabilities, but in practice, extracting signals of untargeted drugs from volumes of high-resolution spectrometric 
data proves challenging. Coupling comprehensive collision-induced dissociation （CID） with high-resolution time-of-flight mass 
spectrometry enables advanced signal processing algorithms and data interrogation tools to rapidly detect and confirm novel 
abused substances present in urine or seized materials.

The mass spectrometric technology and the data processing strategies discussed in this presentation were used to identify a 
designer psychostimulant and its metabolites present in human urine, and to identify an unknown drug and an unknown 
metabolite present in racehorse urine. High-resolution time-of-flight technology aided the identification of structurally diagnostic 
fragment ions for the synthetic cannabimimetic JWH-018. Extending high-resolution time-of-flight mass spectrometry with 
comprehensive CID to detection of designer steroids is also discussed briefly.
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Identification of triazolam, etizolam and their metabolites by 
liquidchromatography tandem mass spectrometry

Mayumi Matsui1, Toshikazu Minohata1, Noriko Shoji2, Naohiro Kuriyama2, Chie Yokoyama2, 
Keiko Matsumoto1, Jun Watanabe1, Junko Iida1

1 Shimadzu Corporation, Kyoto, Japan, 2 YMC Co., LTD., Komatsu, JAPAN

　
Keywords:
LC-MS/MS, forensic, etizolam, triazolam, metabolites

Novel aspects:
Simultaneous analysis of Triazolam, Etizolam and their metabolites usinghigh resolution hybrid silica-based UHPLC column coupled 
with LC-MS/MS

Abstract:
Benzodiazepines are among the most frequently prescribed drugs due to their sedative, hypnotic, anxiolytic, muscle relaxant and 
antiepileptic properties. Because of the high consumption of benzodiazepines worldwide, this class of drugs and their metabolites 
are frequently present in both clinical and forensic cases. For these reasons, the analysis of
benzodiazepines and their metabolites in biological fluids is of great interest to clinicians and forensic toxicologists. It’s been hard 
to identify Etizolam, Triazolam, and their metabolites （alpha-Hydroxyetizolam, 8 -Ethylhydroxyetizolam, alpha-Hydroxytriazolam 
and 4 -Hydroxytriazolam） mixture because of a similar chemical structure, molecular weight and mass spectra of these drugs. 
Here, we report a high resolution separating method for simultaneous determination of 2  benzodiazepine drugs and their 
metabolites developed using LC-MS/MS. 

As samples, three samples were prepared； （A） mixture sample of standards of alpha-Hydroxytriazolam, 4 -Hydroxytriazolam, 
triazolam and etizolam, （B） metabolized sample of triazolam and etizolam and （C） metabolized sample of blank. Then samples 
were loaded to LC-MS/MS system with a Nexera UHPLC system and LCMS-8030 triple quadrupole mass spectrometer （Shimadzu 
Corporation, Japan）. Separation occurred on YMC-Triart C18 column, 1.9um, 12nm （150 mm x 2 mm） at column temperature 40 C. 
Samples were eluted at flow rate 300uL/min with a binary gradient system； the mobile phase consisted of （A） 10mM formic acid 
and （B） mixture of 10mM formic acid / acetonitrile （ 1 / 1 ）. LC-MS/MS with electrospray ionization （ESI） source was operated in 
multiple-reaction-monitoring （MRM） mode and MRM triggered automatic MS/MS data acquisition. 

The analysis about drugs of abuse in clinical and forensic laboratories requires a highly specific detection for the simultaneous 
determination of several drugs. The method for forensic toxicology that we developed contains not only MRM transition 
parameters for quantitatibe analysis but analytical conditions and compounds information for MRM triggered automatic MS/MS 
parameters （product ion spectral data acquisition parameters based on the
MRM intensity as threshold） optimized for screening analysis. For typical hypnotics, we developed simultaneous analysis methods 
for 35 benzodiazepines and corresponding metabolites including etizolam, triazolam, and their known metabolites. In this 
experiment, 3  samples were prepared as mentioned above. Sample A was standard, sample B and C were metabolized samples 
using in human liver S9. First of all, sample A was acquired with the method of 6  MRM transition, which was etizolam, triazolam, 
and their known metabolites. 
As a result, an excellent separation was obtained, and all 4  compounds were detected. Sample C （blank sample） was acquired 
and it resulted that no peak was found. Then, analysis of sample B found new three peaks detected, so 7  peaks were detected 
and all peaks, of which some had same MRM transition, were excellently separated. Two of the new three peaks were easily 
confirmed 8 -Ethylhydroxyetizolam and alpha-Hydroxyetizolam because they were known metabolites. However, last one was 
difficult to be confirmed. Next, sample C was re-acquired with MRM triggered automatic MS/MS method and then product ion 
scan spectra of all peaks were acquired. These spectra were searched by typical hypnotics MS/MS library, so 6  peaks was able 
to assign with high hit score to corresponded compounds. It is expected that this method is applicable to the determination of 
drugs in forensic biological materials.
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Determination of Prohibited Components in Hair Dyes by Solid Phase 
Extraction Coupled with Liquid Chromatography-Tandem Mass 
Spectrometry

Chung-Yu Chen, Tsai-Jung Lin, Maw-Rong Lee
National Chung Hsing University, Taichung, Taiwan

　
Keywords:
Hair dye, solid phase extraction, liquid chromatography, tandem mass spectrometry, prohibited component

Novel aspects:
SPE-LC-MS/MS for determination of prohibited components in hair dye.

Abstract:
In this study, solid phase extraction coupled with liquid chromatography-tandem mass spectrometry （SPE-LC-MS/MS） was 
developed for determination of prohibited components, including 2,4-diaminodiphenylamine, 2,4-diaminoanisole, HC Yellow No.12, 
2,3-naphthalenediol and 1 -methoxy-2,5-diaminobenzene, in hair dye. The optimum extraction conditions were using SPEC MP 1  as 
extracting cartridge and 1  mL methanol containing 0.1 % potassium hydroxide as eluting solvent. Under optimal conditions, the 
linearity of proposed method ranged from 50 to 5000 ng/mL for all analytes expect 2, 3 -naphthalenediol （100-2000 ng/mL）. The 
limit of detection and limit of quantitation were 6.7-16.8 ng/mL and 22.3-56.1 ng/mL, repsectively. The intra-day and inter-day 
precisions were 0.6-7.1 % and 9.0-17.3 % , resprctively. The feasibility of applying the proposed method to analyze the five illegal 
components in commercial hair dye was also examined. The results showed the method proposed is useful for determination of 
prohibited components in hair dye.
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Doubly-Etched Microfabricated Gas Chromatography Columns for High 
Resolution Mass Spectrometry

Sanggoo Kim, Sung Min Lim, Sejong Yong
Korea Basic Science Institute

　
Keywords:
Microfabrication, Chromatography chip, High Resolution MS

Novel aspects:
Novel structure of microfabricated columns for GC/MS and HR/MS

Abstract:
Gas chromatography columns in borosilicate have been microfabricated for high resolution mass spectrometry. The 
microfabricated columns were made using a wet chemical etching process that created a 100-mm wide 50-mm deep semi-circular 
cross section channel. The photoresist SU- 8  （both patterning and etching mask） was applied on a 500-mm thick 4 -inch wafer 
which was subsequently immersed in a HF etching solution for 3 ~ 5  minutes. Using an aligner/exposure, the process was 
repeated on a single wafer. The three-dimensional etched profile of the microfabricated columns illustrated that they were 
comparable to fused-silica capillary columns. The inlets of the microfabricated columns were made using dry film patterning and 
sandblasting （0.5 MPa）. Anodic bonding was applied as bonding of the borosilicate wafer to a silicon wafer after the photoresists 
were selectively removed. At 500 °C for 2  hr and an applied
voltage of 900V, it offered high bond strength and effective annealing. The microfabricated columns were connected with a 
transfer line of the mass spectrometer. The detailed mass spectrometry using the microfabricated columns and high resolution 
GC/MS will be presented.
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Coupling of Capillary Electrophoresis with Solvent Assisted Inlet 
Ionization-Mass Spectrometry Using a Poly(dimethylsiloxane)-based 
Sheath Liquid Interface

Che-Wei Wang, Guor-Rong Her
National Taiwan University, Taipei, Taiwan

　
Keywords:
capillary electrophoresis, mass spectrometry, poly（dimethylsiloxane）, solvent assisted inlet ionization, sheath liquid interface

Novel aspects:
This is the first attempt to couple CE with solvent assisted inlet ionization MS.

Abstract:
Solvent assisted inlet ionization （SAII）, developed recently by Trimpin et al., produces mass spectra similar to electrospray 
ionization （ESI）. The analyte/solvent solution could be introduced into the inlet tube due to a pressure drop from atmospheric 
pressure to vacuum and ionized without the use of voltage or nebulizing gas. This characteristic was utilized to simplify the 
implement of CE/MS. In this work, a Poly（dimethylsiloxane）（PDMS）-based CE/MS interface using SAII as the ionization method 
was developed. This interface consists of a CE separation capillary, a sheath liquid delivery capillary, a PDMS substrate, and a 
sprayer. Because the CE eluents could be drawn directly into the inlet tube and ionized without the ESI process, both the sprayer 
coated with conductive materials and the MS inlet were grounded. Sheath liquid was used to reach the flow rate at which a stable 
spray was achieved. At a flow rate of 0.5- 2  μL/min, the sensitivity of CE/SAII-MS was comparable to that of low-sheath-flow CE/
ESI-MS interface. Because of the use of no fragile nano-ESI tip, this interface provides the advantage of robustness and easy-to-use, 
and thus facilitates the operation of CE/MS analysis.
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The Development of a Sheathless CE/ESI-MS interface Based on Thin 
Conducting Liquid Film

Ju-Li Huang, Ren-Yu Hsu, Guor-Rong Her
National Taiwan University, Taipei, Taiwan

　
Keywords:
Capillary electrophoresis - mass spectrometry, sheathless interface, conducting liquid film.

Novel aspects:
A simple and robust two capillary sheathless CE/MS interface was constructed.

Abstract:
A simple two column sheathless CE/MS interface was constructed using polydimethylsiloxane to fabricate a microdevice allowing 
facile column alignment and electrical connection. A liquid reservoir and a hole with a depth of &#65374； 1  mm were fabricated 
on the microdevice at the edge of the conducting reservoir. The ESI sprayer was inserted through the reservoir to the hole so 
allowing it to be aligned with the separation column. The reservoir was filled with a conductive liquid prior to inserting the ESI 
sprayer. Electrical connection was established through the thin liquid film formed in the space between the ESI sprayer and liquid 
reservoir. The interface design presented was both easy to fabricate andoperate and demonstrated good performance. The dead 
volume did not significantly affect operation as indicated by a demonstrated preservation of separation integrity. The repeatability 
and reproducibility observed using this interface ranged from 3.3 % to 8.0 % and 5.2 % to 9.6 %, respectively.
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Proteome analysis with molecular simulation can reveal the TTR 
amyloidogenesis

Kenji Miura1, Naoya Hatano1, Mika Ohta1, Hirotaka Sato2, Aki Sugano1, Eiichi Maeda1, Yoshiyuki Sakaki3, 
Ken-ichi Yamamura4, Yutaka Takaoka1
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Keywords:
transthyretin, hemopexin, amyloidogenesis, MD simulation

Novel aspects:
Proteome analysis with molecular simulation can reveal the TTR amyloidogenesis

Abstract:
7.2-hMet30 mice is a disease model of familial amyloidotic polyneuropathy （FAP）, that consists of human amyloidogenic mutant 
transthyretin （TTR V30M）［ 1 ］. We previously found that 60% of this model showed amyloid depositions. In addition, nonfibrillar 
TTR depositions were found in 2  of 12 Amyloid-negative 7.2hMet30 mice. These results suggest that the TTR amyloidogenesis is 
caused not only by mutant TTR but also additional factor（s） such as etiologic molecule（s）. 
To find the differences between amyloid-positive and negative in 7.2-hMet30 models, we analyzed the sera of these mice models 
by proteome analysis. We firstly analyzed by SDS-PAGE. Secondly, in-gel digestion with trypsin was performed and the resulting 
protein digests were analyzed by MALDI-TOF mass spectrometry. Among differentially displayed protein bands, we found 
hemopexin and transferrin which were showed only in amyloid-positive mice, but not in the amyloid-negative mice. We also 
confirmed these molecules by Western blotting. These two proteins were not detected in the nonfibrillar-TTR deposition by 
immunohistochemical staining. These results suggest that the two molecules may accelerate amyloidogenesis of TTR V30M.
We then simulated the docking of native TTR or TTR V30M to hemopexin or transferrin and analyzed the binding affinity of the 
total four pairs. Finally, molecular dynamics （MD） simulations of the TTR-transferrin or TTR-hemopexin complex were performed 
to elucidate the involvement of hemopexin or transferrin in amyloidogenesis. The docking simulation showed that binding affinity 
of TTR V30M and each of the two proteins - hemopexin and transferrin - were both higher than that of native TTR to each protein. 
In addition, MD simulation analysis showed that hemopexin and transferrin may facilitate the degradation of beta-strand in TTR-
hemopexin and TTR-transferrin complex. This result suggests that these molecules accelerate fibrillogenesis of TTR because 
preceding studies revealed that TTR amyloid is triggered by beta-strand degradation.
In conclusion, our results suggest that hemopexin and/or transferrin associate with TTR amyloidogenesis in vivo.

［ 1 ］ Takaoka, Y., Ohta, M., Miyakawa, K., Nakamura, O., Suzuki, M., Takahashi, K., Yamamura, K., and Sakaki, Y., Cysteine 10 is a 
Key Residue in Amyloidogenesis of Human Transthyretin Val30Met, The American Journal of Pathology, 164（ 1 ）： 337345, 2004.
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Molecular Imaging of Tissues by Mass Spectrometry: Looking Beyond the 
Microscope

Richard M Caprioli
Vanderbilt University, Nashville, TN, USA

　
Keywords:
Imaging MS

Novel aspects:
Technological advances both in sample preparation and instrumental performance to achieve images at high spatial resolution 
（ 1 -10 microns） and at high speeds.

Abstract:
Imaging MALDI MS produces molecular maps of peptides, proteins, lipids and metabolites present in intact tissue sections. It 
employs desorption of molecules by direct laser irradiation to map the location of specific molecules from fresh frozen and 
formalin fixed tissue sections without the need of target specific reagents such as antibodies. Molecular images of this nature are 
produced in specific m/z （mass-to-charge） values, or ranges of values, typically covering the MW range 200-100,000. We have also 
developed a similar approach for the analysis of targeted areas of tissues by integrating mass spectrometry and microscopy, 
termed histology-directed molecular analysis, whereby only selected areas of cells in the tissue are ablated and analyzed. 
 We have employed Imaging MS in studies of a variety of biologically and medically relevant research projects, such as 
developmental studies of embryo implantation is mouse and studies of disease including kidney disease, cancers, and 
neurodegenerative disease. Molecular signatures have been identified that are differentially expressed in diseased tissue 
compared to normal tissue and also in differentiating different stages of disease. These signatures typically consist of 10-20 or more 
different proteins； each identified using classical proteomics methods. In addition, Imaging MS has been applied to drug targeting 
and metabolic studies both in specific organs and also in intact whole animal sections following drug administration. 
 This presentation will focus on recent technological advances both in sample preparation and instrumental performance to 
achieve images at high spatial resolution （ 1 -10 microns） and at high speeds so that a typical sample tissue （e.g., a whole mouse 
brain section） can be imaged in less than 10 min. Some selected examples will include studies of diabetic nephropathy, tumor 
bearing tissues and normal developmental processes. Other aspects of the technology, such as 3 -D imaging, will also be 
considered. Finally, new biocomputational approaches will be discussed that deals with the high data dimensionality of Imaging 
MS and our implementation of ’image fusion’ in terms of predictive integration of MS images with microscopy and other image 
modalities.
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[Keynote Lecture] Bioconjugation in the Gas Phase: New Chemistry for 
Tandem Mass Spectrometry

Scott A McLuckey
Purdue University

　
Keywords:
Tandem MS, ion/ion reactions, bioconjugation

Novel aspects:
Novel specific gas phase chemistries for selective modification of primary amines, quanidinium groups, and carboxylate groups.

Abstract:
The advent of ionization methods that form multiply charged ions from biomolecules has allowed for the exploration of ion/ion 
reactions as a new class of chemical reactions in analytical mass spectrometry. Attractive features common to all ion/ion reactions 
are that they are highly exothermic for virtually any anion/cation combination and that the overall reaction kinetics are 
independent of the chemical identities of the reactants. The ion/ion reactions of multiply charged peptide, protein, and 
oligonucleotide ions involving proton transfer, electron transfer, or metal ion transfer have been extensively studied. Recent results 
have shown that much more complex types of reaction that involve bond formation and bond cleavage can also take place during 
the course of an ion/ion reaction. These results demonstrate that selective chemistries can be effected between stages of mass 
spectrometry. Some of these reactions are those normally associated with bio-conjugation chemistries in solution. 

The ability to conduct bioconjugation chemistries in the mass spectrometer enable new approaches to derivatize analyte species 
of interest for structural characterization. This presentation will summarize what is currently known about the underlying factors 
that govern the outcomes of ion/ion reactions that involve selective chemistries. Several examples will be given to demonstrate 
the utility of gas-phase derivatization for primary and tertiary structure determination of peptide and protein ions. 

All of the data underlying the findings related in this talk have been collected in either three-dimensional quadrupole ion traps or 
linear ion traps operated in the presence of a background gas at 1 -10 mtorr. 

This presentation will summarize current understanding of the dynamics of gas-phase bio-ion/ion reactions with emphasis on the 
factors that determine the major observed pathways. Phenomena common to all such reactions will be described first followed 
by the implications for particular reaction types. Of particular emphasis in this presentation will be electron transfer, single proton 
transfer, multiple proton transfer is a single ion/ion encounter, metal transfer, and attachment. Essentially all of these outcomes 
can be dominant for a given analyte, depending upon the form of the analyte ion and the identity of the reagent. This presentation 
will draw on data, both old and new, that illustrate the underlying factors that make reagents ions either particularly well-suited or 
poorly suited for a particular analyte ion transformation of interest.
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Trap that Fat: Structure elucidation of ionized lipids by selective ion-
molecule reactions and radical directed dissociation
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1 University of Wollongong, Wollongong, Australia, 2 University of Dundee, UK, 3 AB Sciex, Concord, Canada

　
Keywords:
Ion activation, Ozone induced dissociation, Radical directed dissociation, Lipidomics, Ion-trap mass spectrometry

Novel aspects:
Ozone induced dissociation and radical directed dissociation in ion trap mass spectrometers provide novel and complementary 
capabilities for lipid structure elucidation that are compatible with high throughput shotgun lipidomics

Abstract:
Molecular structure elucidation in the fast emerging field of lipidomics presents some unique challenges to the traditional ion 
activation methods employed in contemporary mass spectrometers. Notably, isomeric lipids that occur frequently in nature exhibit 
quite distinct biochemical and biophysical behaviour but can be difficult to differentiate by mass spectrometry alone. For example, 
the conjugated linoleic acid, CLA（10E,12Z） has been associated with atherosclerosis while its isomer CLA（ 9 Z,11E） - differing 
only in the positions of carbon-carbon double bonds - was shown to inhibit the disease. Conventional strategies for modern 
lipidomics rely on electrospray ionisation （ESI） to form even-electron ions with subsequent low energy collision induced 
dissociation （CID） for structural characterisation. Under such conditions however, product ions arising from dissociation of carbon-
carbon bonds within the hydrophobic chains of lipids are typically absent or of low abundance. As a result, ESI-CID spectra 
obtained from isomeric lipids are often indistinguishable particularly where the molecular structures differ in motifs such as： the 
positions and stereochemistry of carbon-carbon double bonds； the positions and size of carbocyclic structures； or positions of 
chain branching. In contrast simple lipids, such as fatty acid methyl esters, have been analysed by electron ionisation （EI） for 
decades and the resulting radical cations generated in this process lead to extensive fragmentation of the hydrocarbon chain. 
Unfortunately the high energies imparted by EI also lead to extensive rearrangements with a consequent loss of structural 
specificity and here too differentiation of isomers （of the types described above） can be ambiguous.

In this presentation we will outline two alternative activation methods that rely on the selective reaction of unsaturated lipids with 
ozone （ozone induced dissociation or OzID） and the generation and dissociation of radical ions generated by photolysis （radical 
directed dissociation or RDD）. Recent studies of the gas phase reactions of mass-selected even-electron ions with ozone on a 
tandem linear ion-trap mass spectrometer （QTRAP2000, AB Sciex, Concord, Canada） reveal that lipids with conjugated double 
bonds have a significant enhancement in reaction rate （up to 120 times） relative to non-conjugated isomers. Furthermore, 
ozonolysis of conjugated double bonds gives rise to unique radical dissociation pathways that are diagnostic of the presence and 
location of this bonding motif. The speed and selectivity of this ion-molecule chemistry is such that the triple quadrupole geometry 
of the QTRAP can be exploited to undertake sensitive neutral loss surveys of complex lipid extracts to search for specific isomers 
of conjugated linoleic acids that are commonly present at low abundance with respect to non-conjugated variants. In parallel, we 
have applied RDD to the study of lipids for the first time. In this approach, bifunctional molecules that contain a photo-caged 
radical initiator and a lipid-adducting group, such as 4 -iodoaniline and 4 -iodobenzoic acid, are used to form non-covalent 
complexes （i.e., adduct ions） with a lipid during electrospray ionization. Laser irradiation （266 nm） of the mass selected complexes 
within a single-stage linear ion-trap mass spectrometer （LTQ, Thermo Fisher, San Jose, CA） cleaves the carbon-iodine bond to 
liberate a highly reactive phenyl radical. Subsequent activation of the nascent radical ions results in RDD with significant 
fragmentation along the hydrocarbon chain. This approach provides diagnostic product ions that are associated with the double 
bond position and the positions of chain-branching in phospholipids, sphingomyelins and triacylglycerides and has thus been used 
to differentiate isomeric lipids differing only in such motifs.
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Harvesting High-Level Structural (Stereo- and Anomric-) Information from 
Oligosaccharides with Single Sugar Resolution - A Tandem Mass 
Spectrometric Approach

Chiharu Konda1, Frank A Londry2, Brad Bendiak3, Yu Xia1
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Keywords:
tandem mass spectrometry, oligosaccharide

Novel aspects:
Determining the stereochemistry and anomeric configuration of each sugar units within an oligosaccharide via multiple stage 
beam-type CID on a triple-quadrupole/liner ion trap instrument.

Abstract:
Carbohydrates are ubiquitous in cells. In addition to providing energy and being structural components in cell walls, they play 
important roles in cell-cell interactions, cell signaling, self and non-self recognition events. Understanding these roles requires that 
their structures be determined with confidence. Due to the structure complexity of carbohydrates, four levels of structure 
information need to be determined, including： 1 ） the stereochemistry of each sugar （subunit identity）, 2 ） anomeric 
configurations, 3 ） linkage positions between connecting sugars, and 4 ） any modifications on substituents. Tandem mass 
spectrometry （MS n ） has been widely applied in structural analysis of carbohydrates for determining the sequence, branching, 
linkage type, and positions of substituents. Recently, an MS 3 -CID method has been developed to pinpoint the stereochemistry and 
anomeric configuration of the non-reducing sugar of hexose-containing disaccharides having any of the 16 possible stereo-chemical 
variants. This approach was based on the distinct CID fragmentation patterns of m/z 221 product ions, having the structure of a 
non-reducing sugar glycosidically linked to a glycolaldehyde （GA）, derived from CID of deprotonated disaccharides. In this 
presentation, we further applied this methodology to small oligosaccharides by using MS n  - CID （n= 4  and 5 ） to sequentially 
break oligosaccharide anions down to dimmers and finally perform CID on m/z 221 diagnostic ions. By comparing the CID patterns 
of m/z 221 ions to that of the standards （monosaccharide-GA）, the identity and anomeric configuration of each sugar unit within 
the oligosaccharide could be determined for the first time. A series of tri-, tetra-, and penta- saccahrides were used to 
demonstrate the capability of this method. All experiments were performed on a modified triple quadrupole linear ion trap mass 
spectrometer （QTRAP 4000）. This instrument allowed high efficiency bi-directional ion transfer between quadrupole arrays, where 
multiple-stage （two or three） beam-type CID could be enabled to produce the ladder of fragment ions within a MS 4  or MS 5  
experiment.
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Measurement of the Peptide Ion Temperature by Using N-Acylated 
Dipeptide Tags as Internal Standards
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Keywords:
ion temperature measurement, N-acylated dipeptide tag, internal standard, tandem mass spectrometry, peptide fragmentation

Novel aspects:
N-acylated dipeptide tags, isobaric tags originally developed for protein quantification, enable precise measurement of the ion 
temperature in peptide fragmentation, regardless of the peptide sequence and the charge state.

Abstract:
Peptide fragmentations into the b- and y-type ions are useful for identification of proteins. The b ion that dissociates to the a-type 
ion with loss of CO has the structure of N-protonated oxazolone. The kinetics of this unimolecular CO-loss process allows 
measurement of the temperature of the oxazolone ion. Herein, we report a use of N-acylated dipeptide tags, isobaric tags 
originally developed for protein quantification, as internal standards for measurement of the ion temperature in peptide 
fragmentation. Amine-reactive dipeptide tags were attached to the N-termini of sample peptides and collision-induced dissociation 
of the tagged peptides yielded the b-type quantitation signal （b S ） from the tag. The b S  ion subsequently dissociated into the a S  ion 
upon CO-loss and the yield of a S  ion was obtained from the mass spectra. As the length of alkyl side chain on the dipeptide tag 
was extended from C 1  to C 8 , the a S -ion yield gradually increased for the 4 -alkyl substituted oxazolone ion but decreased for the 
2 -alkyl substituted one. To gain insights into the unimolecular dissociation kinetics, we obtained the potential energy surface from 
ab initio calculations. Resulting potential energy surfaces were used to calculate the microcanonical and canonical rate constants 
as well as the a S -ion yield. Arrhenius plots of canonical rate constants provided the activation energy and pre-exponential factor 
for the CO-loss process in the 500-900 K range. Comparison of the experimental a S -ion yield with the theoretical one led to precise 
determination of the temperature of the b S  ion. Thus, the b S -ion temperature of any peptide can be measured simply by combining 
kinetic parameters and the experimental a S -ion yield, regardless of the peptide sequence and the charge state. Significantly, when 
the b S -ion temperatures were nearly the same with only a few K difference, the y-type fragment patterns were almost identical to 
each other. Our results demonstrate a novel use of N-acylated dipeptide tags as internal standards to measure the b S -ion 
temperature that can be a good parameter to obtain reproducible peptide fragment spectra.
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Gas phase reactions of trapped bioorganic ions

Gianluca GIORGI
University of Siena

　
Keywords:
nuclephilic additions； ion trap； DFT calculations

Novel aspects:
Study of nuclephilic additions to fluorinated triazine and imidazole cations that show interesting aspects of their gas phase 
reactivity and adds to the very few examples reported in the literature

Abstract:
The study of properties and reactivity of organic and bioorganic ions in the gas phase is an interesting challenge in several fields 
of research, ranging from drug design to biotechnology and nanomaterials, to optoelectronics.
Many kinds of gas phase reactions can occur in ion traps. These can involve ion-molecule, ion-ion interactions, even- or odd-
electron positive or negative species, and can occur through different mechanisms, such as nucleophilic or electrophilic additions, 
substitutions, eliminations, etc.
In our research activity, aimed at investigating gas phase ion chemistry and reactivity of bioorganic ions, we studied different kinds 
of ion-molecule reactions, mainly consisting in nucleophilic additions, produced by trapped ions. Those occurring in two series of 
heterocyclic compounds are shown in this work.
Triazines represent a class of interesting heterocyclic compounds with applications in several fields, such as pharmaceutical 
chemistry, agrochemistry, and biology. A new series of fluorinate triazines have been ionized by electron ionization or electrospray 
thus producing radical cations, protonated or deprotonated molecules. When submitted to low-energy collision-induced 
dissociations, their protonated molecules show interesting elimination/hydration reactions consisting in consecutive losses of HF 
followed by nucleophilic additions of water that produce puzzling ions in their MS n spectra. DFT calculations carried out on 
different stable species and transition states, have allowed us to elucidate sites and mechanisms of these reactions and to 
propose a reaction pathway.
Imidazoles are an important class of heterocycles that play several roles not only in biology, but in also emerging disciplines, such 
as nanotechnology and molecular engineering, due to their capability to produce nanostructured materials.
A series of diphenylimidazole derivatives protonated by ESI, show addition of water and alcohols to their acylium cations thus 
producing diol and carboxylic acid derivatives. The kinetics of these reactions has been studied by selecting the precursor ions, 
varying the activation time, and monitoring the abundance of product ions. Two different pathways yielding elimination of benzene 
have been also found and studied by isotopic labeling.
Collision induced decompositions involving losses of radical species from even-electron cations and anions produced by these 
two classes of compounds, as exceptions to the “even-electron rule“ will be also presented.
DFT theoretical calculations have been carried out on different neutral and charged species by using the B 3 LYP density functional 
method with the triple-zeta basis set 6 -311+G（d,p） for evaluating their structure, stability and to propose reaction pathways.
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[Keynote Lecture] From supercomputer modeling to highest mass 
resolution in FT ICR
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1 The Institute for energy problems of chemical physics Russian Academy of Sciences, 2 The Institute of biochemical 
physics Russian Academy of Sciences

　
Keywords:
FT ICR,cell harmonization,superhigh resolution

Novel aspects:
New FT ICR detector cell disign. Superhigh mass resolution. High mass accuracy. Fine structure of peptide mass spectra. Isotopic 
resolution for near 200 kDa proteins at 7  Tesla

Abstract:
Since its opening by Alan Marshall and Melvin Comisarow in 1974, FT ICR Mass Spectrometry was always attracting special 
attention in mass spec community because of the extremely high mass resolution and high mass accuracy it demonstrated. The 
early attempts to explain high mass resolution were limited by analyses of two factors： mathematical - the longer is time domain, 
the narrower is the mass peak, and physical -collisions with residual gas molecules are reducing synchronous motion of ions and 
thus decreasing time domain signal longitude. The first attempts to analyze the nature of pick broadening in FT ICR spectra using 
supercomputer, undertaken by Nikolaev’s group in 1995, have shown that there is mass resolution limitation caused by electric 
field distribution in FT ICR measuring cell. Electric field deviation from ideal hyperbolic distribution causes losses of ion cyclotron 
motion synchronization, transformation of ion clouds into comet like structures and signal degradation. This phenomenon depends 
only on FT ICR cell design. The other phenomena - peak coalescence, which strongly influences ion cloud behavior （initially 
observed experimentally）, has been reviled by supercomputer simulations based on Particle in Cell （PIC） algorithm first 
introduced for FT ICR simulations by Dale Mitchell and further developed by Nikolaev’s group. PIC algorithm permitted to observe 
the new phenomenon in ion cloud behavior - absence of comet formation at large number of ions in the cloud. We called this 
effect “condensation“. The critical number of ions for occurrence of condensation is independent of magnetic field strength. 
Currently available software for simulation of ion cloud behavior in FT ICR cell during all stages of mass spectra measurement 
procedure includes different methods of solving Laplace and Poisson equations such as capacity matrix method for ICR cell of 
arbitrary geometry. Understanding of behavior of ion ensembles inside FT ICR cell gives rise to the new ideas of cell designs. 
Among them is the idea of dynamic harmonization of the cell. The recently introduced novel FT-ICR cell based on a Penning ion 
trap with specially shaped excitation and detection electrodes prevents distortion of ion cyclotron motion phases （normally 
caused by non-ideal electric trapping fields） by averaging the trapping DC electric field during the ion motion in the ICR cell. This 
effect results in mass resolving powers which exceed any values obtained up to now. The performance of the novel FT-ICR cell 
with shaped electrodes has been characterized by isotopically resolved mass spectra of proteins close to 200kDa as well as fine 
structure of resolved isotopic peaks of peptides and small proteins. Accordingly, detection times of 5  minutes resulting in 
resolving power close to 40,000,000 have been reached for reserpine at m/z 609 at a magnetic field of only 7  Tesla. Furthermore, 
fine structures of resolved 13Cn isotopic cluster groups could be measured for molecular masses up to 5.7 kDa （insulin） with 
resolving power of 4,000,000 at 7  Tesla. Based on resolved fine structure patterns atomic compositions can be directly determined 
using a new developed algorithm for fine structure processing. Extremely high mass accuracy below 100 ppb （RMS mass error） 
could be achieved in complex mixtures. As example for high mass species, proteins and multimers of proteins could be measured 
reaching masses up to 186 kDa （enolase tetramer） with isotopic resolution. For instance, at 7  Tesla resolving power of 800,000 
was achieved for enolase dimer （96kDa） and 500,000 for molecular masses above 100 kDa. Experimental data indicate that there is 
practically no limit for the resolving power of this ICR cell except by collisional damping in the ultrahigh vacuum chamber.
Acknowledgements：Ivan Boldin,Anton Grigor’ev,Oleg Harybin,Gleb Vladimirov,Igor Popov,and Bruker Daltinics-Roland Jertz,Jens 
Fuchser,Claudia Kriete,Matthias Witt,Jochen Friedrich,Gokhan Baykut
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A New magnetic TOF Detector with 1.5 ns Pulse Width and Very High 
Dynamic Range

Dick Stresau, Yair Benari, Kevin Hunter
ETP Electron Multipliers, Melrose Park (Sydney), Australia

　
Keywords:
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Novel aspects:
A new TOF detector delivers 5  volt linear pulses with 1.5 ns pulse width, and floatable to 15 kV.

Abstract:
During the past several years major advances in operational life and dynamic range have been achieved for very high performance 
magnetic TOF detectors （<0.5 ns pulse width）, as reported by this group at previous conferences. The concepts employed to 
achieve these results have now been applied to detectors which are smaller and have been designed for use in instruments with 
less demanding timing requirements. The result is a detector with a 1.5 ns pulse width （for multiple ions） which exhibits 
exceptional dynamic range and operational life. 
Simulations indicate that the multiple ion pulse width of the new detector includes a ~350 ps contribution from jitter across its 17.5 
x 25mm aperture. When the aperture is masked to 12 x 25 mm, this jitter is reduced to ~150 ps. For this measurement jitter is 
defined as the contribution to the detector’s pulse width resulting from variations in transit times from different portions of the 
detector’s input aperture.
The new detector has been designed to have nearly the same form factor as a widely used discrete dynode TOF detector, 
enabling a simple replacement which will result in a significant performance boost. 
As well as a standard non-floating detector, a version is being developed with built-in electrical isolation that allows the detector 
to be floated up to 15kV while still providing a ground-referenced output signal.
Pulse dynamic range is the common term used to describe a TOF detector’s linearity. This refers to the ratio of largest linear pulse 
to smallest measurable pulse in a single shot spectrum. Because the level of the smallest measurable pulse is determined by the 
details of a specific TOF system, the most meaningful measurement for a detector will be the level of the maximum linear pulse 
delivered by the detector （generally expressed as millivolts （mV） into a 50 ohm load）. Expressed in these terms, the new 
detector’s linear pulse height limit exceeds 5  volts （5000 mV into 50 ohms）.

An orthogonal TOF system （with an electron impact ion source） and a 12 bit, 2  Gsample/second digitizer will be utilized to help 
evaluate the new detector. The digitizer has ~1000： 1  useful dynamic range for a single shot spectrum. In reality a single ion 
should be digitized with an average pulse height of ~ 10 LSB’s （least significant bits） to efficiently detect all incident ions. （Single 
ion collection efficiency is critical in dynamic range/ linearity studies , as multiple ion events will always have near 100% efficiency, 
so any single ion inefficiencies will inappropriately appear to be a non-linearity.） Therefore this system is capable of accurately 
collecting single shot spectra with an ion abundance ratio （dynamic range） of ~100：1. In previous work we have made use of a 
much smaller digitizing range and merely looked for distortions in abundance ratios （typically ~10： 1 ） at high input ion flux levels 
to establish the detector’s dynamic range capability. The 12 bit digitizer enables collection of more realistic spectra and its 100： 1  
dynamic range enables the use of carbon isotopes which provide a convenient series of markers for this study. 

Work is progressing towards generating spectra demonstrating accurate abundance ratio measurements of 100,000+： 1  
accumulated within practical averaging times （minutes） for multiple spectra. This data will be shown in the presentation along 
with diagrams detailing the detector’s design and operational characteristics.
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Novel Compact Double Focusing Mass-Analyzer for Biochemical and 
Elemental Analysis.

Viacheslav D Sachenko, L N Gall, R N Gall
Institute for analytical Instrumentation of RAS

　
Keywords:
double focusing mass-analyzer, mass resolution, line of focuses, spectrographic mode

Novel aspects:
a novel ion optical scheme of the double focusing mass-analyzer for biochemical and elemental analysis, and SIMS devices

Abstract:
Static mass-analyzers （MA） loose their positions during last 20 years, and are being replaced by dynamic MA： by quadrupole 
mass filters for tasks requiring a low resolution, by TOF’s for a wide mass range, and by ion traps for high sensitivity. The main 
reasons are traditional drawbacks of static MA： low scanning speed, limited mass range, large size and heavy weight. However, 
dynamic mass analyzers have brought their own drawbacks, and the main is the bad quality of mass-spectrometric line. For 
example, a modern multipass TOF showing resolution higher than 100,000 at half-height will show less than 5000 at 5 %, and will 
loose addiyionally about 3  orders of magnitude at 0.5 % （!）.This makes practically impossible to register minor peaks located 
near the major ones, and necessary to use a sample pre-separation. However, a Nier-Jones static MA shows the half-height 
resolution nearly the same magnitude as the best TOF, but has a very good line quality characterized by the isotopic sensitivity of 
10- 6 - 10-7, the resolution remains high down to the lowest intensity levels. A lot of native mixtures can be analyzed for ecological, 
elemental and biochemical purposes without chromatographic pre-separation as minor peaks are well defined near the major 
ones. 
 The spectrometric mode, i.e. mass analysis in scanning mode, is available for any MA. On the contrary, the spectrographic mode 
having the highest theoretical duty time can be realized only by a static MA when a mass-spectrum or its part is recorded 
simultaneously by a position-sensitive detector or a number of collectors. Up to now, this mode was used only for isotopic and 
elemental analysis, and the MA of Mattauch-Herzog type were ideal for that as they do not require scanning. Unique features of 
these MA result in their long life （being proposed by authors in 1934, this solution is still in use!）. The most attractive feature of 
their optics is the direct line of focuses with a double focusing for all ion masses. This feature allows to register simultaneously a 
wide mass-spectrum of ions. However, the MA of Mattauch-Herzog type have no opportunity to filter the ion beam in energy. This 
limits their resolution and makes these mass-analyzers ineffective with ESI and ICP ion sources, and for biochemical applications.
 We present a novel scheme of static MA which combines the best features of both known double focusing ion-optical schemes, 
and possesses additional advantages. The new optics has the direct line of focuses by double focusing for all masses, and has a 
possibility to filter the ion beam in energy, and to make fast electrical scanning of the ion beam without interfering with operation 
of ion source. On the contrary to the Mattauch-Herzog scheme having S-shaped geometry, the new optics is C-shaped, and 
electrostatic lenses are added with the aim to compensate the energy dispersion coefficient, and to provide a device adjustment. 
The new MA has been simulated and optimized within geometrical and chromatic 2 -nd order aberrations. It shows the theoretical 
resolution magnitude about 3500 at 5 % of the peak height for the mass range 12-1800, energy spread of 40 eV, and maximal radius 
200 mm. The permanent magnet weight does not exceed 45 kg, the MA dimensions are 600x500 mm. This allows to combine the 
new MA with ESI or ICP ion source without a cooling cell and additional pumping stage, and to register the near-located minor 
and major peaks.
 The novel ion-optical scheme of the double focusing mass-analyzer suits ideally for SIMS devices too.

 The authors dedicate this report to the 100-anniversary of R. Herzog and A.O. Nier, made an outstanding contribution to the 
theory and practice of high precision mass-spectrometry.
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Penning traps and ICR MS in physics research: From highly-charged atomic 
ions to metal-clusters to short-lived atomic nuclei

Lutz Schweikhard
University of Greifswald, Greifswald, Germany

　
Keywords:
Penning trap, ICR, multi-reflection time-of flight MS, polyanionic metal clusters, short-lived nuclei

Novel aspects:
Several MS techniques recently introduced： implementation of MR-ToF mass separator to Penning/Paul-trap system （with new 
focusing）, switching of trapping voltage for increased electron attachment, SIMCO excitation, ... and corresponding results

Abstract:
Penning-trap ion storage and ion-cyclotron-resonance mass spectrometry are applied in a wide range of investigations in physics 
research. These methods are used for 

（a） the containment of ions, 
（b） the selection of particles with respect to their mass-over-charge ratio, 
（c） the analysis of reactions （CID, photodissociation, electron-impact ionization and electron attachment） as well as
（d） the high-accuracy mass determination of exotic nuclear species.

The presentation will give recent examples of new techniques and applications. In particular, the following aspects will be 
addressed based on developments at ClusterTrap ［ 1 ］, ISOLTRAP ［ 2 ］ and SHIPTRAP ［ 3 ］ as well as the Berlin-EBIT ［ 4 ］ recently 
re-installed at Greifswald：

（a） Delicate particles such as atomic ions in very high charge states can only survive if they are in no contact with any other 
materials. They are produced in electron beam ion sources or traps （EBIS/EBIT） which use some of the properties of “standard“ 
ion-cyclotron-resonance devices.

（b, c） Penning traps are valuable tools in metal-cluster research. They allow a selection of the cluster sizes such that the cluster 
properties can be determined for one size at a time. Multiple selection, reaction and analysis steps may be applied. Furthermore, 
simultaneous storage of several species as different as very heavy cluster anions and electrons is possible and their reactions such 
as the production of multiply negatively charged clusters can be followed as a function of time. Recently, electron attachment up 
to a charge state of z = - 5  has been achieved ［ 5 ］ by changing the trapping potential during the storage period ［ 6 ］. 

（c, d） By measuring the cyclotron frequency of ions with even very short-lived atomic nuclei （i.e. in the sub-second range） the 
nuclear masses and thus their nuclear binding energies can be determined with very high accuracy. This includes nuclides that 
show exotic decay modes （proton decay or pairs of nuclides between which neutrino-less double-beta decays may occur） and 
isotopes of very heavy elements （such as nobelium ［ 7 ］ and lawrencium ［ 8 ］, Z= 102 and 103, respectively）. 

To address more and more exotic particles, ever new techniques are developed. For example, a multi-reflection ToF MS has 
recently been added to the ISOLTRAP setup, complementing the already existing three-story combination of one linear Paul trap 
and two Penning traps to a system of in total four ion traps, each with dedicated functions. In addition, new methods of ion 
injection and ejection as well as time focusing have been developed with this MR-ToF MS ［ 9 ］ and for the Penning traps a new 
excitation mode has been introduced （the simultaneous application of both dipolar and quadrupolar rf fields ［10］）.

As much as the research areas vary as much do the techniques that are thought of to answer the corresponding challenges. As 
outlined above the presentation will give specific examples of very recent developments and results.

［ 1 ］ F. Martinez et al., Eur. Phys. J. D 63, 255 （2011）, DOI： 10.1140/epjd/e2011-10528- 3
［ 2 ］ M. Mukherjee et al., Eur. Phys. J. A 35, 1  （2008）, DOI： 10.1140/epja/i2007-10528- 9
［ 3 ］ S. Rahaman et al., Int. J. Mass Spectrom. 251, 146 （2006）, DOI： 10.1016/j.ijms.2006.01.049
［ 4 ］ C. Biedermann et al., Physica Scripta T73, 360 （1997）, DOI： 10.1088/0031-8949/1997/T73/118
［ 5 ］ F. Martinez et al., submitted
［ 6 ］ F. Martinez et al., Int. J. Mass Spectrom. 313, 30 （2012）, DOI： 10.1016/j.ijms.2011.12.009 



［ 7 ］ M. Block et al., Nature 463, 785 （2010）, DOI： 10.1038/nature08774
［ 8 ］ in preparation
［ 9 ］ R.N. Wolf et al., Int. J. Mass Spectrom. 313, 8  （2012）, DOI： 10.1016/j.ijms.2011.12.006
［10］ M. Rosenbusch et al., submitted
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A multi-reflection time of flight mass spectrograph for short-lived nuclei 
and heavy molecules

Peter Schury1, Michiharu Wada2, Yuuta Ito1,2, Sarah Naimi2, Hermann Wollnik3, Tetsu Sonoda2, 
Sousuke Nakamura1,2

1 Tsukuba University, Ibaraki, Japan, 2 RIKEN, Wako, Japan, 3 Geissen University, Geissen, Germany

　
Keywords:
Time of Flight Mass Spectrometry, Nuclear Masses, Trans-Uranium Nuclei, Biomolecules

Novel aspects:
A mass spectrograph capable of quickly achieving high-resolution with high-accuracy. It is efficient and able operate at in a high 
dynamic range of ion intensity.

Abstract:
We present the status of a new multi-reflection time of flight mass spectrograph （MRTOF-MS）. The spectrograph comprises a 
pair of electrostatic ion mirrors connected by a field-free drift tube. Within the spectrograph ion bunches reflect between the 
mirrors for an extended flight path of as much as 1  km or more. By properly tuning the electric potential within the mirrors, it is 
possible to compensate for the initial energy spread of the ion pulse such that the time of flight becomes independent of the 
initial energy of the ion. We have achieved mass resolving powers of more than 100,000.
Using techniques such as Penning trap mass spectrometry （PTMS）, it is possible to achieve mass resolving powers far exceeding 
that which can be achieved by the MRTOF-MS. However, the MRTOF-MS overcomes certain drawbacks of such a technique. In 
particular, it is especially well-suited for application to short-lived （t 1/2 < 100 ms） and heavy （A/q > 100） ion species. This is 
because the observation time required for a given resolving power scales with the square root of the mass, as opposed to scaling 
linearly with the mass as in PTMS. As a result, while MRTOF-MS cannot compete with PTMS in maximum achievable resolving 
power, it is capable of achieving respectable resolving powers （R m > 100,000） much more quickly. For heavier species, it is a factor 
of ten or more faster.
Additionally, the measurements are not affected by large amounts of contaminants. On the contrary, the MRTOF-MS exhibits no 
systematic shifts for even large amounts of simultaneous contaminants, it in fact benefits by using such contaminants as 
simultaneous reference measurements. In this way, the device is a true spectrograph, capable of simultaneously analyzing many 
species. 
Fast mass measurements are particularly useful for short-lived radioactive nuclei such as are of interest e.g. for nucleosynthesis via 
rapid neutron capture （r-process） in stellar supernovae. Such species tend to be both heavy （A>100） and short-lived （t 1/2 < 100 
ms）. In such cases nature imposes a maximum observation time by way of the short half-lives, creating an imperative for speedy 
measurements such as is achievable with the MRTOF-MS. In such cases, the contaminant tolerance is also of great value, as time 
need not be spent on purification.
It is similarly well suited for measuring trans-uranium nuclei. Such nuclei are produced at incredibly low rates via heavy ion nuclear 
fusion reactions. They are rather heavy （A > 250） and in many cases have half-lives of only a few milliseconds. These qualities are 
all well aligned with the characteristics of the MRTOF-MS. A planned campaign to measure such exotic nuclei is briefly discussed.
Finally, since the achievable resolving power does not diminish for heavier species, the MRTOF-MS may also be of interest for 
precise identification of very heavy （A/q > 1,000） molecules. The fast measurement cycle combined with the high resolving power 
may make it ideal as a high-throughput spectrometer for biomolecules. Results demonstrating the high resolving power for such 
very heavy molecules will be presented.
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Keywords:
proteomics, data independent acquisition, Skyline, software, quantitation

Novel aspects:
Development of data independent acquisition strategies for quantitative proteomics.

Abstract:
Proteomics technology has improved dramatically over the last decade. The technology developments have largely been directed 
around instrument hardware, where instruments have been developed that scan faster, are more sensitive, and have greater mass 
measurement accuracy. However, the basic workflow has remained largely unchanged -- mass spectrometers are directed toward 
the acquisition of tandem mass spectra on the most abundant molecular species eluting from a chromatography column. More 
recently, efforts have been focused on the acquisition of mass spectrometry data on target peptides of interest. With 
improvements in instrument hardware and instrument control software, the practical experimental difference between a targeted 
and discovery proteomics is beginning to become blurred. These analyses are a significant change from the traditional proteomics 
workflow and have required the development of novel computational strategies to analyze, visualize, and interpret these data. We 
will present work illustrating our efforts in the development of targeted proteomics and provide a vision for challenges that still 
need to be overcome before these analyses become routine and replace more traditional discover proteomics methodology.
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Keywords:
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Novel aspects:
Novel kinome tree based on substrate specificities was generated and enabled deep analysis of phosphoproteome data.

Abstract:
Reversible protein phosphorylation regulated by protein kinases and phosphatases is a key event for signal transduction in 
eukaryote cells. Recently, large-scale phosphoproteomics based on LC-MS and phosphopeptide-selective enrichment has become 
a powerful tool to reveal the signaling mechanism. However, it still remains difficult to map all phosphoproteome data to known 
signaling pathways due to the incomplete data for the kinase-substrate relationship. In this study, we profiled 385 recombinant 
human kinases, including 21 mutants and 10 lipid kinases, by using in vitro kinase assay combined with quantitative 
phosphoproteomics approaches.
HeLa cell lysates were pretreated with alkaline phosphatase, and then reacted with or without individual recombinant protein 
kinase. The reaction mixtures were subjected to reductive alkylation followed by in-solution digestion with trypsin. After stable 
isotope dimethyl labeling using formaldehyde, phosphopeptides were enriched with hydroxy acid-modified metal oxide 
chromatography （HAMMOC） using titania. The phosphopeptide fractions were analyzed with LC-MS/MS, and then the 
phophorylated sites by kinases and the phosphorylation motifs were determined using relative peak areas with respect to those 
of control sample as criteria.
As a result, 175,574 kinase-substrate relationships were obtained from the in vitro assay using HeLa cell lysate as the substrate 
source. Using the kinase-substrate combination data, we extracted a total of 1,525 phosphorylation motifs targeted by 303 kinases 
and classified the kinases to generate a novel phylogenic kinome tree from the in vitro substrates specificities instead of the 
traditional tree based on the sequence similarity between their kinase domains. Finally, two approaches based on in vitro 
substrates and phosphorylation motifs were developed to predict kinases which are activated or inactivated by particular stimuli. 
Using phosphoproteome data obtained from epidermal growth factor （EGF）-stimulated cancer cells, we successfully predict 
kinases belonging to EGF receptor pathways by both approaches. These novel kinome profiling using in vitro substrates, 
phosphorylation motifs and phylogenic tree provides invaluable information to unveil the entire map of cellular signaling pathways.
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In-depth analysis of human proteome by High Resolution Isoelectric 
Focusing (HiRIEF)-LC-MS/MS

Kie Kasuga, Rui M Branca, Henrik J Johansson, Janne Lehtiö
Karolinska Institutet / Science for Life Laboratory, Stockholm, Sweden

　
Keywords:
HiRIEF, meter-long monolithic capillary column, quantitative proteomics, in-depth analysis

Novel aspects:
High-resolution isoelectric focusing （HiRIEF） approach successfully increases the coverage of proteome. This method provides 
greater possibilities for in-depth analysis of complicated biological samples, such as clinical materials.

Abstract:
Mass spectrometry （MS） based proteomics can make a valuable contribution in clinical research by providing phenotypic 
information. Since clinical materials are limited in amount and diverse, highly sensitive and high resolution analysis is appreciated. 
To gain higher coverage of proteome, currently two distinct approaches are used； reduce of complexity of biological samples by 
pre-fractionation or enrichment, or usage of high-resolution chromatography to separate complicated samples without pre-
fractionation. In clinical proteomics research, it is vital to employ an approach that allows an adequate analysis of proteome using 
small amount of materials. Such methods can be applied to small number of cells such as circulating tumors cells （CTC） in blood. 
Proteome analysis of CTC is of interest in diagnosis and cancer progression. Since sample loss is considerable in small amount of 
materials, high-resolution chromatography becomes the preferable to pre-fractionation.
Here, we will show results comparing two distinct approaches to analyze human cellular proteome： HiRIEF-LC-MS/MS and the 
meter-long monolithic capillary column.
 ［Method］
 Quantitative proteomics by HiRIEF-LC-MS/MS 1,2 ： 
 MCF- 7  cells （Human breast cancer cell lines） were stimulated with endogenous ligands or vehicle, then lysed by Urea-based 
lysis buffer. Following tryptic digestion, peptide samples were labeled by iTRAQ, and dissolved in rehydration solution （ 8 M 
Urea）. IPG strip （pI 3.7-4.9, 24 cm, linear gradient） was re-swelled with 8 M urea with 1 % IPG phamalyte （pH 2.5-5.0, GE Health 
care） overnight. Peptide mixture sample was focused and passively eluted into 72 fractions. Each fraction was analyzed on Nano-
LC-MS/MS（LTQ-Orbitrap Velos） with 15 cm long C18 Pico frit column （100 µm internal diameter, 5  µm bead size, Nikkyo Technos 
Co., Tokyo, Japan）. 
The aliquot of labeled samples were analyzed by Nano-LC-MS/MS equipped with 2 m-long monolithic capillary column 
MonoCap® C18 High Resolution 2000 （100 µm internal diameter, GL-Sciences, Japan） 
All MS/MS data were searched by MASCOT with Percolator（FDR 1 %） against SWISSPROT human database. Quantitation of 
iTRAQ reporter ions was conducted by Proteome Discoverer （version 1.3）. The relative abundances between the sample sets 
were calculated by normalizing each peptide signal to the corresponding pooled internal standard. 
During the session, we will also discuss about proteome analysis from small amount of cells （“Cent Cells“） by 2 m-long 
monolithic capillary column . 

References： 
1 ） Pernemalm M. etal., Proteomics, 2009, 13： 3414-3424.
2 ） Sandberg A. et al., Mol. Cell Proteonics. 2012 Apr.12
3 ） Masuda T. et al., J Proteome Res. 2008, 7 ：731-740.
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Keywords:
“plasma membrane proteins“, “pellicle enrichment“, “nanoparticles“, “spectral counting“

Novel aspects:
Various cationic nanoparticles with different density, size, shape, and surface modification have been evaluated for efficient 
enrichment of plasma membrane proteins using the pellicle technique.

Abstract:
Unbiased mass-spectrometry based proteomic profiling of plasma membrane （PM） proteins reveals biological processes involved 
in communication and signaling between cells and/or environment. Understanding qualitative and quantitative changes in 
expressed PM proteins at certain conditions, e.g., disease state, is a key for biomarker discovery and therapeutic development. 
The identification of PM proteins is made difficult by their low abundance, high hydrophobicity, and fluid population. We cope 
with an underrepresentation in LC-MS/MS analysis by enriching PM proteins using cationic nanoparticle pellicles and optimizing 
the proteomic workflow for analysis of highly hydrophobic proteins. The cationic nanoparticles increase the density of plasma 
membrane sheets and thus enhance separation from other lysed cellular components by centrifugation. We have synthesized 
silica, iron oxide, and gold nanoparticles and nanowires, followed by positive charge modification with Al 2 O 3 , aminopropyl 
triethoxysilane, or aminopropyl thiol. Effects of shape, density, size, and surface modification of the nanoparticles on PM 
enrichment efficiency have been investigated using RPMI 8226 multiple myeloma cells grown in suspension. We have confirmed the 
attachment of nanoparticles/nanowires to the cell surface by SEM and EDX analysis. Three workflows have been compared that 
allow tryptic digestion of PM proteins solubilized in SDS prior to LC-MS/MS analysis of tryptic peptides and their parent proteins （J. 
Proteome Res., 2012, DOI： 10.1021/pr300188b）. Using an optimized workflow, the enrichment efficiency of each type of 
nanoparticle/nanowire has been compared, based on fractions of the proteins assigned to the plasmamembrane/
transmembrane/cell surface categories in the UniProt KnowledgeBase. In addition, quantitative comparison of PM proteins and 
PM markers has been assessed based on spectral counting. Overall, we have identified 1,415 PM proteins （based on one or more 
peptides）, which represents about 35% of the human plasma membrane proteome listed in UniProt.
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Keywords:
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Novel aspects:
A rapid and sensitive label-free quantitation strategy for high throughout over-activated pathway discovery and verification

Abstract:
Despite the promise of quantitative phosphoproteomics, analytical challenges still remain for its utility in clinical application due 
to its low throughput in discovery and verification stages. Due to the complexity of proteome and incompatible low acquisition 
speed of MS, additional time-consuming fractionation step is a critical prerequisite to enable profiling protein at low abundant 
levels. Furthermore, site specific verification for protein phosphorylation is most limiting bottleneck because of the lack of 
availability of good antibody required by conventional immunoassays. 
 Based on alternative long and short LC-MS/MS for peptide reference database and fast acquisition, respectively, here, we present 
a high speed label-free quantitation strategy for personalized phosphoproteomic profiling and verification of targeted signaling 
pathways in human tissues. The strategy utilizes long LC gradient to construct a reference database of protein identification, which 
will serve as a peptide positioning system for cross-assignment and quantitation of data obtained from short LC gradient. On the 
pilot study of Raji B cell, nearly 100 % of the identified peptides in long （210-min） LC-MS/MS can be informatically matched to 
peptides that were not selected for MS acquisition in short （40-min） LC-MS/MS based on the information of peptide sequence, m/
z and aligned elution time. After elution time alignment and cross-assignment, a total of 5678 peptides were quantified in 40-min 
LC-MS/MS runs （SD < 0.3） in biological replicate experiments （by Q-TOF MS）. High linearity on quantitation working curve was 
achieved （r 2 =0.991） over 200-fold dynamic range using a standard phosphoprotein β-casein. At proteome scale, high quantitative 
accuracy （log 2  ratio= 0 ±0.27） and precision （CV=13.6%） were routinely obtained in 40-min LC-MS/MS. Compared to the precursor 
ion-based quantitation strategy, the high speed EDC-MRM HR  strategy increased 10-fold sensitivity of fragment ion detection and 
demonstrated superior quantitation linearity, high quantitation accuracy （<20%） and precision （<10%）. On the pilot analysis of 12 
pairs of cancerous and adjacent normal human lung cancer tissues, the high speed quantitation approach first identified the 
constituently over-activated signaling pathways. Furthermore, the high speed EDC-MRM HR  was applied to verify the targeted 
singling pathway on Iressa resistant lung cancer cell. This strategy holds promise to translate the discovery of in vitro models to 
clinical specimens for analysis of targeted signaling pathway unique to a specific subtype of cancer and drug responsive targets.
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[Keynote Lecture] Ambient desorption/ionization mass spectrometry for 
minimal samples
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Keywords:
DBDI, Leidenfrost, PESI, sheath-flow PESI

Novel aspects:
New desorption/ionization methods have been developed for minimal gas, liquid, and solid samples.

Abstract:
［Introduction］： Ambient mass spectrometry is growing very rapidly as reviewed by Fernández et al. （Anal. Chem. 2011, 83, 4508）. 
In this paper, ambient desorption/ionization methods for minimal gas, liquid and solid samples developed in our laboratory will be 
presented. The sample amounts should be as small as possible for valuable small samples and also for least contamination of the 
ion source. For this purpose, we made efforts to develop high-sensitive ionization methods that need samples with minimal 
amounts. Desorption methods for non-volatile samples will also be presented. 
［Low-pressure helium dielectric barrier discharge ionization (He DBDI)］： This was designed for high-sensitive detection of vapor 
samples. He DBDI detected 25 pg of desorbed HMTD （explosive）. LOD of H 2 O 2  in air was 800 ppt. H 2 O 2  leaking from aqueous 
solution of H 2 O 2  （30%） contained in a plastic bottle with tightly sealed cap could be detected. This method, however, is difficult to 
apply to nonvolatile samples. In order to circumvent this problem, we developed desorption methods based on the Leidenfrost 
phenomenon and flash heating by using a hot filament.
［Leidenfrost desorption/ionization］： A pencil size cartridge heater at temperatures in the range of 250-350 °C was used. 20 mL 
liquid solution was dropped on the heater. The liquid floated on the heater for 10s seconds due to the Leidenfrost phenomenon. 
At the moment of total evaporation of liquid droplet, non-volatile molecules being concentrated in the tiny droplets were 
desorbed instantly induced by the last-stage explosive solvent evaporation. The vaporized samples were ionized by He DBD, dc 
corona, or electrospray. The LODs of cocaine, codeine, morphine, and cyclosporin in methanol solutions were found to be ppb or 
sub-ppb levels.
［Flash heating/desorption］： For the analysis of organic solids such as synthetic polymers, flash-heating desorption method was 
developed. A stainless steel （0.4 mm o.d.） filament at 100-800 °C moved up and down along the vertical axis. At the lowest 
position, the filament slightly touched the sample surface （~10s mm in depth）. The pyrolyzed sample vapor was ionized by He 
DBD. Due to the instant heating of subsurface, secondary thermal decomposition reactions should be suppressed. In fact, the 
protonated monomer units of polylactic acids up to 10 mer were observed. 
［Probe electrospray ionization (PESI)］： To mimic FD, PESI was developed. It used a metal needle with the tip diameter of <  1  
mm. The needle was driven up and down by using a linear actuator. At the lowest position, the needle captured about ~ 1  pL 
liquid samples. At the highest position, a high voltage was applied to generate electrospray. By PESI, sequential electrospray of 
components in the order of their surface activities was realized and thus suppression effect inevitable for capillary-based 
electrospray was minimized. PESI was successfully applied to the cancer diagnosis. 
［Sheath-flow PESI］： PESI is applicable only to wet samples. To apply PESI to dry samples, sheath-flow PESI was developed. By 
using a coaxial glass or plastic capillary with a fine metal needle through it, the solvent liquid was supplied to the tip of the needle 
that acted as a PESI probe. The liquid flowing out of a capillary extracted the components on the sample surfaces. By scanning a 
US dollar bill, cocaine was detected near the edge of the bill.
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Keywords:
ambient ionization, direct analysis, DART, microplasmas, imaging

Novel aspects:
Novel applications and instrumentations for plasma and microplasma ion generation techniques are discussed

Abstract:
Ambient or “open air“ surface sampling techniques are a group of ion generation approaches that can be readily coupled to 
mass spectrometric detectors for MS analysis of target compounds. These technologies have been coupled to a variety of mass 
spectrometers equipped with atmospheric pressure interfaces with only minor modifications, enabling unknown identification via 
fragmentation pattern matching to databases, elemental formula determination via accurate mass measurements, multi-analyte 
quantitation, spatially-resolved measurements, and selective ionization enhancement for target compounds of interest. Ambient 
MS sampling/ionization techniques such as Direct Analysis in Real Time （DART） and Desorption Electrospray Ionization （DESI） 
have grown in popularity because they enable the sampling of analyte under atmospheric pressure conditions from both liquid 
and solid phases remotely from the mass analyzer, have been used to investigate objects or surface features of a wide range of 
shapes, sizes and textures, can perform qualitative or quantitative analysis with no or minimal sample preparation such as 
dissolution, grinding, extraction or pre-concentration, and can conduct all these operations in real time with high sensitivity and 
minimal unwanted ion fragmentation.
Plasma-based ambient sampling techniques such as DART, FAPA, LTP, DBDI, DCBI and DAPCI involve the generation of a DC or RF 
electrical discharge between a pair of electrodes in contact with a flowing support gas such as N 2  or He, generating a constrained 
flux of ions, radicals, excited state neutrals, and electrons which trigger the ionization process. Some or all of these plasma species 
can be directed towards the surface being sampled, inducing desorption and ionization in a single step. Optional resistive heating 
of the support gas, can further enhance desorption of neutrals which are then ionized by plasma species or species derived from 
those. Plasma-based ambient MS instrumentation tends to be fairly simple and rugged, and can be coupled to a variety of mass 
spectrometers, including quadrupole ion traps, linear ion traps, and quadrupole time-of-flight, providing both MS/MS and/or 
accurate mass capabilities. Plasma source mass spectra tend to be relatively simple, as most of the time the analytes are ionized 
as one or two adduct types, simplifying peak assignment in the case of unknowns. Their applicability is generally limited to 
molecules below 1  KDa. 
DART uses a point-to-plane atmospheric pressure glow discharge to generate metastable species in a chamber that is physically 
separated from the ionization region. The discharge support gas, containing metastables, is heated and directed through a grid 
electrode that filters ions and electrons to mitigate ion-ion and ion-electron recombination of species generated within the DART 
ionization source. DART can be used to sample gases, liquids and solids. In laboratory settings, gases are directly injected into the 
ionization region following the grid electrode, whereas liquids are generally sampled by dipping a glass capillary in them and 
placing it in the ionization region. Solids can be directly analyzed by holding them with tweezers and exposing them to the ionizing 
gas, or in transmission mode geometry （useful for transmissive samples, such as meshes）. Powders can be mixed with metal 
particles, adhered to a permanent magnet and exposed to the DART gas. Foam swabs, solid-phase extraction materials, and 
PDMS coated stir bars, can also be directly placed within the DART ionization region.
 In this presentation we will discuss advances from our group in （a） using commercial DART sources to screen falsified artemisinin 
combination therapy drugs found in Africa, （b） development of an electrothermal vaporization interface for DART, （c） developing 
an imaging laser-ablation/DART MS system for imaging 2 D-HPTLC plates, and （d） development of microplasma ion sources for 
ambient ionization as los gas flow DART-alternatives.
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Monitoring intra- and inter-day human breath metabolic signatures 
supports the existence of individual phenotypes
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Keywords:
Breath analysis；secondary electrospray ionization； metabolomics

Novel aspects:
Unraveling the existence of individual breath metabolic signatures.

Abstract:
Introduction
The study of changes in the human metabolome towards diseases is a promising area of metabolomic research ［ 1 ］. However, 
the reliability of such studies may be obscured by the day-to-day individual metabolic variability. Groundbreaking urine 
characterization with NMR has suggested the existence of strong individual phenotypes ［2, 3 ］ which, moreover, are stable and 
statistically “recognizable“ even after years ［ 4 ］. These studies emphasize the importance of defining individual metabolite 
phenotypes for future personalized medicine ［ 3 ］. The analysis of breath is an attractive metabolomics technique because it is 
completely non-invasive. Moreover, if conducted on-line, it is rapid and circumvents artifacts due to sample storage/manipulation. 
In addition, it covers different metabolites than NMR does. Therefore, it is an ideal approach to confirm the existence of such 
individual metabolic signatures. 

Method
4  subjects were asked to breathe at a flow rate of 3.8 L/min through a tube connected to the curtain gas line of a commercial 
MS. The breath samples encountered an electrospray of water, whereby some compounds in breath were ionized and readily 
detected. A total of 341 mass spectra collected during four days were analyzed statistically. 

Preliminary data
We observe strong intra-day variations of metabolic signatures presumably due to individual circadian cycles. However, in full 
agreement with prior NMR work ［ 2 - 4 ］, we also observe a clear inter-individual separation due to the existence of a strong 
individual “core“ signature.

［ 1 ］ J.K. Nicholson, J.C. Lindon, Systems biology： Metabonomics, Nature, 455 （2008） 1054-1056.
［ 2 ］M. Assfalg, I. Bertini, D. Colangiuli, C. Luchinat, H. Schäfer, B. Schütz, M. Spraul, Evidence of different metabolic phenotypes in 
humans, Proceedings of the National Academy of Sciences, 105 （2008） 1420-1424.
［ 3 ］S.S. Heinzmann, C.A. Merrifield, S. Rezzi, S. Kochhar, J.C. Lindon, E. Holmes, J.K. Nicholson, Stability and Robustness of Human 
Metabolic Phenotypes in Response to Sequential Food Challenges, Journal of Proteome Research, 11 （2011）643-655.
［ 4 ］P. Bernini, I. Bertini, C. Luchinat, S. Nepi, E. Saccenti, H. Schafer, B. Schutz, M. Spraul, L. Tenori, Individual Human Phenotypes 
in Metabolic Space and Time, Journal of Proteome Research, 8  （2009） 4264-4271.
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Probe Ambient Mass Spectrometry
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Novel aspects:
This is the first evidence of non-thermal desorption with a plasma-based ambient ionization source.

Abstract:
Ambient ionization mass spectrometry has been an emerging field since its onset in 2004. Of the many different ambient ionization 
techniques, which desorb and ionize samples from their native environment with little to no sample preparation, nearly half use an 
atmospheric-pressure discharge for desorption and/or ionization. While little work has focused on elucidation of desorption 
mechanisms for the various plasma-based ambient ionization sources, many studies have suggested that plasma-based sources 
rely on thermal desorption as the primary mechanism with no apparent evidence for non-thermal-desorption mechanisms. 
Furthermore, it is widely believed that thermal desorption is followed by commonly known atmospheric-pressure chemical 
ionization （APCI） reactions, such as proton and charge transfer from capable reagent ions （formed from ambient air molecules in 
the discharge）.

The present work demonstrates that non-thermal desorption processes take place with an ambient plasma ionization source in 
addition to the widely accepted thermal desorption. In this study, a room-temperature plasma, the low-temperature plasma （LTP） 
probe, was used in conjunction with a Thermo LTQ ion trap mass spectrometer to examine various non-volatile samples. Samples 
ranged from thermally stable self-assembled monolayers （SAMs） to extremely low volatility organic salts to long-chain polymers. 
One observed desorption pathway involved breaking of chemical bonds through a high energy transfer from reagent species. For 
example, a heavily fluorinated decanethiol which forms a monolayer commonly called F-SAM, revealed numerous peaks 
corresponding to breaking of carbon-carbon bonds in various positions as well as varying degrees of oxidation. The nature of this 
interaction of high-energy plasma species with surfaces will be further probed by examining the modification of surfaces after 
exposure to the LTP. Upon LTP-MS analysis of organic salts, the intact molecular cation was almost never observed. Quaternary 
amines typically revealed loss of the most favorable R-group with subsequent protonation. An additional category of compounds 
included low-volatility alkyl halides （e.g. thyroxine）, which often revealed only the negatively charged halide in the mass 
spectrum.

A potential explanation for the responsible desorption process includes electron transfer to the non-volatile samples analyzed, 
which each have high electron affinities and undergo excessive fragmentation as shown in the mass spectra （common with 
electron transfer dissociation）. While volatile perfluorinated compounds have been readily shown to ionize via electron transfer 
under ambient conditions, a significant difference with the present research stems from electron transfer to a solid phase sample, 
providing the energy necessary to break chemical bonds and release a fragment into the gas phase. Many reagent ions produced 
by LTP are capable of electron transfer to samples of higher electron affinity, including O 2 

 -  which is abundant in the LTP sampling 
region. O 2 

 -  has been listed as the likely candidate in other atmospheric-pressure ETD processes and evidence for large amounts 
of oxidation to the fragments obtained in this study further substantiate this hypothesis. The role of O 2 

 -  as an ETD reagent will be 
investigated by controlling the ambient environment and limiting the amount of oxygen that can reach the discharge/sampling 
region. The effect of sample （or substrate） temperature on analyte-ion signal will also be determined to better understand the 
role of plasma-gas temperature in the desorption of these species.
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Analysis
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Keywords:
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Novel aspects:
Gas chromatography electrospray ionization mass spectrometry （GC-ESI/MS） and multivariate analysis were used to analyze polar 
components in heavy oils.

Abstract:
In the coupled atmospheric electrospray ionization source with gas chromatography system for mass spectrometry （GC-ESI/MS）, 
after injecting samples into GC injector, volatile compounds underwent GC separation and then individually flew out from the 
outlet of GC column through carrier gas. These separated analytes mixed with the plume that was generated from an electrospray 
emitter spraying acidic methanol solution continuously. In this process, ion-molecule reaction carried out that assisted polar 
analytes to be ionized and formed protonated ions, which was later detected by quadrupole time-of-flight mass spectrometer.
In this study, GC-ESI/MS was demonstrated for the detection of polar components, following with using a multivariate analysis, 
principle component analysis （PCA）, to differentiate the polar chemicals in heavy oils. The heavy oils used in this study were the 
engine oils collected from vehicles at different mileage. In the analysis of heavy oils using conventional GC/MS, it was found that 
the ions of hydrocarbon and other relative compounds suppressed the ions of polar component even after the pretreatment of 
GC separation. In contrast, our developed GC-ESI/MS reduced interferences of hydrocarbon and other relative compounds due to 
the feature of the ionization source ESI, which is distinct from electron impact that is commonly used in the conventional GC/MS.
For assessing the applications of GC-ESI/MS in analyzing heavy oils, we collected engine oil samples from vehicles at different 
driving distances of 0, 100, 300, and 500 kilometers. In sample pretreatment, the samples were mixed and extracted with methanol. 
The extractants were then diluted with methanol for subsequent GC-ESI/MS analysis, and a series of mass spectrometric results 
were acquired. In the ion chromatographic diagrams and mass spectral profiles, because the ion signals of hydrocarbon 
compounds were eliminated, the specific ion information of polar compounds in engine oil samples was obtained. The GC-ESI/MS 
analyses on each engine oil sample were performed in triplicate, and the results were further processed using PCA. In the 
grouping of samples, oils collected at 0, 100, 300, and 500 kilometers clearly formed different groups from each other, reflecting 
their different degrees of polar component generations at varied driving distances.
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Novel aspects:
The future analyses of cells are foreseen by standing on recent development in mass spectroscopic analyses of cells in the world.

Abstract:
When you search the Web-of-Knowledge with the words “Cell“ and “Mass Spectrometry“, you can find more than 400,000 
papers published since 1964 in which “Biochemistry Molecular Biology“ is 11,300papers, “Biochemical Research Methods“ 7,300 
papers, “Chemistry Analytical“ 6,500 papers, and “Cell Biology“ is 2,400 papers. The number of papers for methodology oriented 
and one aiming for biology may be in similar percentage. In any decades, methodological development and its application are 
usually coupled in idea. Total number of papers shows that biology or cell biology has been one of the big driving force for 
development of mass spectrometry in the past half century. Here, by reviewing the past researches in biology or cell biology using 
mass spectrometer, I would like to foresee the future analyses of cells or cell molecular dynamics with my little knowledge.
I would like to foresee the future analyses from another view point, i.e. desires of cell biologist. I think they would like to perform： 
1 ） Direct and exhaustive molecular analysis of cells with easy identification, quantitation and its localization.
2 ） Cross correlations of gene expressions, transcription, translation and small molecules, including molecular chain correlating or 
depending reactions and its mapping.
3 ） Morphological evidence and direct relating of it to above mentioned aspects.
4 ） Molecular mechanism in macro, micro or even single molecular scale.
Against to these desires, mass spectrometry has been powerful but the power is decreasing in this order. In addition, I made self 
question “Is it real way of strategy or desire for future cell biology?“ Because this kind way of thinking is all standing on 
substance. Actually, the body, fluid（e.g. cytosol）, and partitions （e.g. Nucleus） etc. of cells are all constructed by molecular 
substances and are designed very purposefully. However, I still think something is missing for understanding the “life“. It may be 
one which is not deterministic or dynamic or unstable.
Mass spectrometry is very powerful for substance quantitation and identification, because the mass is a deterministic aspect of 
substance. However, it may be possible to know the molecular interaction or molecular arrangement force through direct 
ionization process of whole cell sample, for example. I think mass spectrometry has many potentials which are not considered to 
be of use for future analyses of cells.
In this keynote, I would like to discuss these potential future analyses of cells by standing on recent development mass 
spectroscopic analyses of cells in the world.
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Keywords:
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Novel aspects:
The delineated workflow utilizes the result of the SCAIView text mining software and integrates different -OMICS techniques.

Abstract:
The development of new diagnostic markers and therapeutic targets that aim at both early diagnosis and novel treatment 
opportunities, are very important tasks of current medical research. 
Hence, the PROFILE consortium （www.profile-project.de） addresses these challenges with respect to the most important acute 
and chronic liver diseases. Liver diseases have extraordinary socio-economic significance, because they are characterized by both 
high mortality and morbidity. Additionally, due to the central role of the liver, regarding for example metabolism and detoxification, 
liver dysfunction often has highly significant effects on the function of other organs （e.g. brain, kidneys or the immune system）.
The consortium uses a broad range of state of the art OMICS techniques including Genomics, Proteomics and Transcriptomics, 
aiming at a more rapid and efficient development of both therapeutic and diagnostic approaches. 
However, the huge amount of acquired multidisciplinary data needs to be integrated in a structured manner. Data processing 
within PROFILE requires the application of adequate algorithms in order to compare and to relate the findings obtained from the 
participating working groups. Additionally, there is need to develop approaches to extract biologically relevant meaning starting 
from the pre-processed data.
Here, a software named PROFILE commander （ProfCom） is presented, which facilitates the data analysis of several different 
OMICS experiments. The software is modularly organized in order to support easy integration of further analysis opportunities. 
Currently, the ProfCom comprises five modules that can be used independently. However, when connecting in series, the usage of 
the modules represents a centralized work flow for the data obtained within the PROFILE consortium.
The first ProfCom module deals with evaluating the proteins found by mass spectrometry regarding the reliability of the underlying 
set of identified peptides. 
The second module facilitates conversion into the data formats used by several tools that are applied within the PROFILE 
consortium. Furthermore, missing information is retrieved from internet resources and then added to the experimental data.
The next module involves some statistical analysis, i.e. the considered biomolecules （i.e. genes or proteins） are ranked in order to 
detect promising candidates for further experimental validation. Furthermore, multivariate methods are used to differentiate sub-
populations within a given data set.
Scientific standards call for relating the own experimental results with the knowledge found in the literature. To this end, ProfCom 
uses the output of a web based text mining tool （SCAIView） in order to reveal associations between the considered disease and 
the relevant citations, in a structured way.
Finally, the last ProfCom module relates the findings of the studies, i.e. regulated proteins and genes, to knowledge given by 
pathway information stored in databases that are available online. The software produces a final output, which can be used 
directly as input for Cytoscape. Cytoscape is one of the most widely used network analysis and visualization software and can be 
utilized for the production of publication-ready visualizations and for further analysis （e.g. GO term enrichment analysis via the 
BinGO plugin）.
The ProfCom is further linked to ProLiC, software developed by the Medizinisches Proteom-Center. ProLiC is a web based tool that 
enables comparison of an arbitrary number of data sets and calculates the overlap as well as groups the members of the data 
sets according to several identity criteria.
In summary, the delineated work flow covers a directed data processing, starting with the application of quality criteria to the pre-
processed data, up to scientific presentation. Here, performance of the software is demonstrated in the context of hepatocellular 
carcinoma, the most prevalent cancer of the liver.
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Novel aspects:
Fluorescent probe assisted Live Single-cell MS can clarify the exact nature of cellular state of targeted cell such as redox or 
molecular diffusion.

Abstract:
Improvement of mass spectrometry allows the volume of samples of biological analysis smaller. Widely used conventional 
molecular analyses use large numbers of cells which allow detection of rare molecules even with low content, however, give 
averaged result. As a consequence, phenomena with cell variation or asynchrony are hardly analyzed by these methods. To 
resolve this issue, we developed Live Single-cell MS which enables targeted cell recovery with a nanospray tip and direct mass 
spectrometric analysis to detect molecular content of the cell. In this paper we will show two different approaches using 
fluorescent probes-combined Live Single-cell MS to show cell state related molecular change which cannot be achieved using 
conventional large scale analyses. 

Analyses of cell state related molecular composition
Ordinary microscopic observation only gives morphology or morphological change of target cells. To know cell conditional 
variation related molecular change such as cellular redox state, we used fluorescent probes. Human EB transformed B lymphocyte 
apoptosis induced by betamethasone was monitored with dichlorofluorescein （DCF） to clarify cellular level of reactive oxygen 
species. Cells of high or low oxidative stress were selectively recovered under a fluorescent microscope （OLYMPUS） and analyzed 
by this method. Conventional LC-MS analysis was also performed to show the advantage of single cell analysis. Among decreased 
peaks in treated cells, glutathione and its metabolites were gradually decreased after treatment： the intensities of these ions 
were half of non-treated cells at 1  hour. Whentreated cells were observed under a phase contrast microscope, cell shape was 
various； some cells died, and others showed round live shape. Then, cells stained with DCF with bright and dark fluorescent 
strength were recovered separately with a nanospray tips and applied to SIM analysis in a LTQ-Orbitrap （Thermo Scientific） mass 
spectrometer. Peaks monitored were m/z 308.1, ［M+H］ +  for reduced form of glutathione, and m/z 402.2, ［M+H］ +  for DCF as a 
control. Comparison of glutathione level between oxidative stress-high cells and -low cells showed that more than one fifth 
decrease of glutathione level in stress-high cells was observed whereas the LC-MS data was half. These data indicated that 
conventional LC-MS method gave an averaged result of heterogeneous cells, whereas our fluorescence assisted-single cell MS 
gave sharp exact results.

Analysis of dymanic molecular diffusion
Live normal cells have pores called “gap junction“ which allow substances including membrane impermeable compounds to pass 
through between two adjacent cells. Existence and activities of gap junction are usually monitored with fluorescent dyes, for 
example, Lucifer Yellow CH （LY） loaded into cells. However, no method which can clarify non-fluorescent molecules to diffuse 
through the junction is existed. We applied the Live Single-cell MS to detect non-fluorescent molecules diffusing through gap 
junction in normal human fibroblasts in parallel fluorescent staining. Human fibroblasts were microinjected with LY and 
fluorescence transport through gap junction was monitored periodically. Non-fluorescent molecules, such as homovanillic acid 
（HVA） and vanillylmandelic acid （VMA）, were co-loaded. A targeted cell was sucked with a Cellomix tip and analyzed similarly. 
Peaks obtained with SIM mode were extracted and evaluated. LY fluorescence were detected initially in an injected cell and 
gradually diffused to the adjacent cells. Then, a cell adjacent to the dye-injected cell was analyzed. LY peak of m/z 221.5 detected 
as ［M- 2 H］ 2-  were clearly observed. A cell without LY fluorescence separated from the dye loaded cell was sucked simultaneously, 
and no LY peak were indicated. Molecules without fluorescence could be also monitored. HVA peak （m/z 181.0, ［M-H］ - ）, VMA 
peak （m/z 197.0, ［M-H］ - ） were detected accompanied with LY peak. These results indicated that the Live Single-cell MS can be 
used to study gap junction mediated molecular diffusion using non-fluorescent molecules.



Oral Session
Friday, 21st September� Room E
09:00 － 11:00
Session 45: Cell Biology / Cellular Pathways
Chair:	 Renato Zenobi （�ETH Zurich, Switzerland） 

S45-1020
10:20 － 10:40

Multi-omics Approach to study the effect of rapamycin treatment on a 
human cell line

Sudha Rajagopalan, Siji Joseph, Guha Nilanjan, Syed S Lateef, Yugandhar Reddy
Agilent Technologies India Pvt.Ltd

　
Keywords:
multi-omics, pathway, mass spectrometry, microarray

Novel aspects:
Integration of data from multi-omics study to understand pathways affected by a drug treatment

Abstract:
Rapamycin is an immunosuppressant drug that specifically inhibits mTOR activity and cellular hyperproliferation in many cells 
types resulting in G 1  growth arrest. In this study we illustrate a multi-omics approach that uses genomics, transcriptomics, 
proteomics, and metabolomics to understand the effects of rapamycin on a human embryonic kidney cell line （HEK293）. HEK293 
cells were harvested at 16hrs post treatment of rapamycin or vehicle alone. RNA, miRNA, proteins and metabolites extracted in 
five replicates from million cells each were pooled and analyzed. The complete genomic status of the cell was interrogated using 
CGH arrays. CGH analysis showed that HEK293 cells possess large amount of aberrations at the genome level. Eighteen miRNAs 
were found to be affected by rapamycin treatment. The target entity list of these miRNAs showed good overlap with differentially 
expressed gene list from the gene expression microarray. For the proteomics analysis, digested peptides from five replicate 
extracts were pooled and analyzed in five replicates on a QTOF coupled to HPLC chip MS system. Statistically significant 
differential features between the rapamycin treated and control samples were identified by targeted MS/MS analysis followed by 
data base search. Metabolites were extracted using Methanol： water： chloroform mixture. Organic portion was analyzed on GC-
MS and aqueous portion was analyzed on LC-MS.
Pathway analysis of differentially expressed mRNA, miRNA, proteomics and metabolomics data indicates rapamycin affects several 
biological processes including translation, protein synthesis, DNA repair, purine metabolism, and stress response. Many of these 
individual biological responses have been corroborated by observations in other cell lines. This study demonstrates the utility of 
applying an integrative approach to investigate cellular responses to environmental change by co-analyzing data acquired from 
complementary technologies.



Oral Session
Friday, 21st September� Room E
09:00 － 11:00
Session 45: Cell Biology / Cellular Pathways
Chair:	 Renato Zenobi （�ETH Zurich, Switzerland） 

S45-1040
10:40 － 11:00

Screening and identification of sulfur mustard metabolites from in vitro 
samples using different LC-MS experiments for new biomarker 
development

Mia Halme1, Maija Pesonen2, Marja Hagström3, Markku Pasanen2, Paula Vanninen1

1 VERIFIN, Department of Chemistry, University of Helsinki, Finland, 2 School of Pharmacy, Faculty of Health Sciences, 
University of Eastern Finland, Finland, 3 Center of Drug Research, Faculty of Pharmacy, University of Helsinki, Finland

　
Keywords:
Sulfur mustard, metabolism, biomarker, identification, LC-MS

Novel aspects:
This study represents method for studying sulfur mustard metabolism without animal experiments or samples from human 
casualties. With these in vitro assays it is possible to trace specific metabolic reactions.

Abstract:
A biomarker is a distinctive biological or biologically derived indicator （e.g. a metabolite） of a process, event or condition. To 
verify exposure and to link the exposure with the putative health effects of harmful agents, good validated biomarkers of exposure 
are essential. For the validation of a biomarker, both in vitro and in vivo studies are needed. Validated analytical methods are also 
essential for the identification, characterization and quantification of a novel biomarkers.

Sulfur mustard （bis（ 2 -chloroethyl）sulfide, HD） is a potent chemical warfare agent and a Schedule 1  chemical on the Chemical 
Weapons Convention （CWC） ［ 1 ］. Metabolism of sulfur mustard is complex. It acts as a vesicant and biological alkylating agent 
causing erythema, edema, blistering, chronic obstructive pulmonary diseases, bronchiectasis, pulmonary fibrosis, and lung and 
pleural cancer. The immediate tissues affected are the eyes, skin and respiratory tract. 

Based on the earlier animal studies, acute urine metabolism of HD includes hydrolysis, oxidation, and conjugation with glutathione 
followed by b-lyase catalyzed reactions ［ 2 ］. These b-lyasemetabolites are considered as unequivocal biomarkers of exposure to 
HD since they have been found both in animal and human samples. A quantitative and fast LC-MS/MS （SRM） method for the 
determination of two known b-lyase metabolites 1,1’-sulfonylbis-［ 2 -（methylsulfinyl）ethane］ （SBMSE） and 1 -methylsulfinyl- 2 -［ 2 -
（methylthio）ethyl-sulfonyl］ethane （MSMTESE） from real human urine was validated during this project ［ 3 ］.

Our objective is to study the metabolism of HD by exposing hepatic cell fractions （e.g. microsomes, cytosol or whole 
homogenate） to develop a platform for finding new possible biomarkers and to confirm the b-lyase pathway in vitro. Incubations 
were performed using cell fractions, 0.1 M potassium phosphate buffer containing 3.3 mM MgCl 2  （pH 7.4）, 5  mM glutathione and 
0.25 mM NADPH at 37°C. The reaction was started by addition of HD in dimethyl sulfoxide. The reactions were terminated after 
specific incubation times by addition of cold acetonitrile, followed by vortex mixing. Precipitated proteins were removed by 
centrifugation and the supernatants were analyzed by LC-MS.

As there are no reference chemicals for the new metabolites, the structural characterization has to be made using different MS 
techniques. LC-MS analyses of in vitro samples were performed using three different MS detectors： ion trap, triple quadrupole 
and time-off-flight （Q-TOF）. These provided whole range of different data acquisition methods e.g. full scan MS/MS, MS 3 , SRM, 
parent ion scan, neutral loss scan and exact mass measurement for screening and identification of HD metabolites.

It was observed that the metabolism of HD occurs partially differently in vitro than in human or animal studies. For example two 
different glutathione conjugates were detected （both mono and bi-conjugates）. Results and conclusions will be presented.

References
［ 1 ］ http：//www.opcw.org/chemical-weapons-convention/
［ 2 ］ R.M. Black, K. Brewster, R.J. Clarke, J.L. Hambrook, J.M. Harrison and D.J. Howells, Xenobiotica22 （1992） 405-418.
［ 3 ］ M. Halme, M. Karjalainen, H. Kiljunen, P. Vanninen, J. Chrom. B 879 （2011） 908-914.
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Novel aspects:
A review and preview of the scope of mass spectrometry

Abstract:
Mass spectrometry may be defined, broadly, as the science and technology of ions. As such, it is a subject of enormous scope. 
The achievements of 20 th  century mass spectrometry now have come into focus. In rapid succession these include the 
measurement of mass/charge ratios of ions, the discovery of isotopes, measurements of mass defects, fundamental understanding 
of ionization and fragmentation mechanisms and the relationship to bond energies. All this was achieved in the first half of the 
century. In the second half-century, organic mass spectrometry began with applications to petroleum distillates and moved quickly 
to natural products, steroids, and small-molecule drugs. Gas chromatography /mass spectrometry was a key to early studies of 
biological systems. A preoccupation with improving mass resolution and mass range became an established theme and different 
types of mass analyzers were introduced for this purpose. This quest drove biological mass spectrometry and propelled the 
development of ionization methods that were increasingly successful in handling solid samples （desorption methods） and 
solutions （spray methods）. Complex environmental and biological samples led to the coupling of liquid chromatography to mass 
spectrometers and the development of the tandem mass spectrometry for complex mixture analysis. The highpoint of these 
applications in chemical analysis was the emergence - largely from within mass spectrometry - of the new subject of proteomics. 
The explicit discovery of ion/molecule reactions at mid-century saw the emergence of a major subject which had affinities with 
solution-phase reactivity. The study of solvation effects on thermochemistry and reaction kinetics was one important result. 
Unimolecular reaction kinetics, energy partitioning during unimolecular dissociation, and the dynamics of ion/molecule and later 
ion/surface collision events opened new fundamental areas of research with wide relevance to physical chemistry. 
The likely preoccupations and achievements of current and later 21 st  century mass spectrometry can only be glimpsed.... “through 
a glass darkly“. Will the established role of mass spectrometry in chemical analysis be complemented by a significant role in 
synthesis whether by soft landing of ions onto surfaces or reactive scattering? MS already has a prominent role in surface 
characterization but is surface tailoring by molecular modification a major future topic? Is there a role for mass-selected ion 
beams in transfection and other medical processes? Certainly it is already clear that MS has a role in diagnostics. Direct 
quantitative analysis of whole blood by the ambient ionization method of paper spray is a demonstrated capability for therapeutic 
drugs at biologically relevant levels. Diagnosis using characteristic lipid profiles allows diseased tissue to be distinguished from 
healthy tissue. Will such experiments be used intrasurgically? The requirements include automated correlations of the MS data 
with libraries and reduction in the size of the instrument, but the fact that the measurements can already be made on unmodified 
tissue makes an affirmative answer likely. If one can make ions in air can one detect them in air, mass-analyze them in air? Can the 
worst performance parameter of the mass spectrometer the ionization efficiency be significantly improved? Can atomic probe 
measurements be coupled with mass spectrometry to characterize biological ions? Alternatively, instead of examining ions after 
landing on surfaces, can the physical and chemical properties of trapped ions be characterized? A beginning has been made using 
fluorescence resonance energy transfer, electron diffraction and precise thermochemical measurements based on a desolvation 
enthalpy scale. Surely MS could make a larger contribution to chiral analysis through ion/molecule reactions or the kinetic 
method. Will array format mass spectrometers take their place beside single-channel instruments? Finally, perhaps most 
importantly, does the mass spectrometer have a role in the everyday life of everyday people as a personal and household 
measurement device?
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Scope of Session: 
Mass spectrometry is commonly used as a technique for the characterization of polymeric industrial materials. This session will 
discuss the recent progress in the structural characterization of polymers (especially for degraded materials) by advanced mass 
spectrometry such as high-resolution techniques and ion separation techniques.

Abstract:
Polymeric materials have been requested to have versatile physical properties and special functions depending on their utilization. 
Nowadays the chemical structures of functional polymeric materials become even more complex based on sophisticated 
molecular design. Just like new instrumentation of MS technology make a significant contribution to the development of biological 
sciences, the characterization of industrial materials should also be promoted by the MS technologies.  In this workshop, we want 
to discuss the recent progress in the structural characterization of polymers and industrial materials by advanced mass 
spectrometry.
One of the important topics of polymer characterization by MS is the development of high resolution time-of-flight mass 
spectrometry (HRTOFMS). A mass of different combinations of polymer constituents (comonomers, end-groups, branching point 
etc.) increases the likelihood of isobaric interference. The peaks of different chemical compositions with the same nominal mass 
overlap can be separated by high-resolution MS. In this workshop, the applications of matrix-assisted laser desorption/ionization 
(MALDI)-HRTOFMS and gas chromatography (GC)-HRTOFMS will be presented and discussed.
Industrial materials are usually mixtures of homologues or isomers, and off course the isomers having same mass cannot distinct 
even by high resolution mass spectrometry. The application of ion mobility MS (IMS) may be powerful tool for the characterization 
of such complex materials. Because the ion separation by IMS is based on the differences in three-dimensional conformation, IMS 
provides another view to the structural characterization of complex industrial materials. In this workshop, the IMS topic with a fine 
analysis of a mobiligram for petroleum products will be presented and the applicability of IMS to polymer characterization will be 
discussed.
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Keywords: 
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Scope of Session:
Hydrogen/deuterium exchange mass spectrometry (HDX-MS) is an increasingly popular protein characterization method. This 
session covers both the application and new method development of HDX-MS.  The application of HDX-MS includes higher order 
structure analysis, protein-ligand interaction, and protein-protein interaction, particularly epitope mapping. Method development 
includes opportunities for higher resolution analysis using ETD fragmentation, data generation automation, and data extracting 
software.
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Confirmed topics and presenters:
Academic Career – Rainer Cramer (University of Reading, UK)
Industrial Career – Caroline Pritchard (LGC, UK)
Government Career – Simon Hird (FERA, UK)
Instrument Manufacturer Career – Takaya Satoh (Jeol, Japan)
Preparing for interviews, career options for mass spectrometrists and the global job market in MS – Dave Jones (VRS, UK)

Scope of Session:
The session is designed to outline a variety of career paths that begin and stay within mass spectrometry and also expand beyond 
a starting point in mass spectrometry. Several international speakers will briefly describe their career paths (for example: 
academia, industry, instrument manufacturer). These short presentations will outline the choices made during career development, 
any challenges encountered and the opportunities available in the different career pathways. In addition, there will be a 
presentation that describes the current job market for people with a background in mass spectrometry and more broadly in 
analytical science. The workshop will be very interactive, and we actively encourage attendees to question the speakers about 
their careers and the choices made.
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Scope of Session:
Mass++ (mass plus plus) is freeware for viewing and manipulating various types of mass spectrometric data.  Mass++ 2.1.0, which 
was released recently, is easy to use as search engines such as Mascot and MassBank.  MassBank is a public repository for 
sharing mass spectra of small molecules among research community.  A bottleneck in metabolomics is to submit a large amount 
of mass spectra from LC-MS as the queries to database searches manually. Mass++ and MassBank projects have collaboratively 
developed a tool that relieves the users from the repeated manual works. Two projects will give tutorials of their tools.

Topics 1: 
“Mass++: A Visualization and Analysis Tool for Mass Spectrometry”
Satoshi Tanaka (Koichi Tanaka Laboratory of Advanced Science and Technology, Shimadzu Corporation, 1, Nishinokyo-
Kuwabaracho Nakagyo-ku, Kyoto 604-8511, Japan)
Abstract: Mass++ (mass plus plus) is freeware for viewing and manipulating various types of mass spectrometric data. Its primary 
objectives are: 1. To provide essential functionality for proteomics and metabolomics analysis. 2. To support a wide range of 
vendors’ data file formats. 3. To be easily extendible using plug-in technology.
This year we have released a new version of Mass++ (Mass++ 2.1.0), which contains new functionality such as AXIMA file 
reading, Batch Processing, De novo sequencing, a new peak detection algorithm, statistical analysis, and overlapping trace 
settings. The new version of Mass++ also makes it easy to identify substances with search engines such as Mascot and MassBank. 
Previously, MassBank could be used directly from Mass++, but Mascot could not; to use Mascot search, users had to extract peak 
data and search databases using other software, which was very time-consuming. In the latest version of Mass++, users can easily 
perform Mascot search on raw data. Mass++ can be downloaded from http://www.first-ms3d.jp/english/achievement/software.

Topics 2: 
“Constructing MassBank Database on Laboratory PCs”
Takaaki Nishioka (Nara Institute of Science and Technology, Ikoma, Nara 630-0192, Japan)
Abstract: MassBank (http://www.massbank.jp) is a public repository for sharing mass spectra among research community. Data 
shared on MassBank are not placed on the MassBank site, but distributed on the contributor’s data servers.  Currently 24 research 
groups contribute from nine data servers.  Contributors prepare their mass spectral data in “MassBank Record Format”, provide 
PCs as data servers, and manage their data on their own data servers.  Users are able to access to all the distributed MassBank 
data from the access point, “www.massbank.jp”. Thus MassBank project has provided various user’s tools to search the data and 
to prepare and manage MassBank records on their data servers.  Recently we transferred these technologies to “In-House 
MassBank” on Windows PCs.  Users are able to build their in-house MassBank databases by depositing their own mass spectral 
data and the copied MassBank data from the MassBank download site. One of the applications of in-house database is to search 
user’s in-house database with a large set of query data that LC-MS output.  Mass++ imports and submits the query data to the 
spectral search against the in-house database by using MassBank batch SOAP-API.  This relieves users from tedious, repeated 
manual works for the identification of the small molecules detected by LC-MS.
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Scope of Session:
Ion mobility separations coupled to mass spectrometry have become a mainstream analytical tool, and both conventional IMS 
and FAIMS are available in commercial systems now applied in various areas. This workshop will look beyond established 
products and methods into qualitatively new approaches that would take IMS to the next level. Topics of presentations and 
discussion will include multi-stage platforms of much greater specificity and peak capacity, use of ion-molecule chemistry to 
expand the separation space and modify resolution of specific targets, and various integrative measurements incorporating the 
IMS dimension.

Abstract:
Over the last decade, IMS coupled to MS has grown into a mainstream analytical tool that now rapidly expands into diverse 
applications in proteomics, metabolomics, characterization of natural products, and industrial and environmental monitoring. In 
another major shift, differential or field asymmetric waveform IMS (FAIMS) that exploits the difference between ion mobilities at 
high and low fields has appeared as a broadly useful approach that is competitive and often superior to conventional IMS based 
on absolute mobilities at moderate fields. These trends have largely been due to introduction of conventional IMS/MS and FAIMS/
MS systems by Waters, Thermo, and AB Sciex. On that trajectory, most high-end commercial MS instruments would in a few years 
include an (optional) IMS stage. This situation signifying successful integration of IMS into the repertoire of MS and thus analytical 
science, it is timely to think beyond the current paradigm to take IMS to the next level. Such emerging work will be the focus of 
our workshop.          
The workshop will be appropriately opened by David Clemmer (Indiana Univ.) who had launched the transformation of IMS/MS 
from a niche physical chemistry technique of academic interest to a widely employed analytical method in 1990-s and forcefully 
pushed the frontier of this field since. His groundbreaking development of multistage IMS platforms and cyclotron IMS has enabled 
unprecedented resolving power that would be central to future IMS advances.     
Since the invention in early 1990-s and until recently, conventional IMS (in both drift-tube IMS or DMA variants) employed static 
electric fields only. An innovative direction is use of dynamic fields, notably in the traveling-wave IMS implemented in the Synapt 
series. Here, Dr. Vidal de Miguel (SEADM) will present a novel IMS configuration employing orthogonal oscillatory and fixed fields. 
The first prototype already provides reasonable resolution in a compact footprint. 
Next, Toshiki Sugai (Toho Univ.) will talk on the development of an ion trap/IMS system that enables one to monitor structural 
evolution of ions for hours. In particular, evaporation of water droplets and slow thermal deformation of polystyrene particles have 
been observed. Applications to nanomaterials and the new system with much higher resolving power will be discussed.
The quest for more specific ion separation and identification drives use of IMS to pre-separate isomers for various spectroscopic 
and chemical selectivity studies. Fuminori Misaizu (Tohoku Univ.) will lecture on the spectroscopy and reactions of isomer-
selected clusters. His versatile apparatus coupling drift-tube IMS to ToF MS enables performing photodissociation, collision-
induced dissociation, ion-molecule reactions, and negative-ion photoelectron spectroscopy for mobility-selected isomers, 
exemplified by carbon and silicon cluster cations and anions.  
A major aspect of next-generation IMS will be buffer gases comprising vapors that interact with ions specifically rather than inert 
media that merely retards the ion motion. While such “shift reagents” have helped in some conventional IMS applications, they 
appear of most value for FAIMS where they generally expand both the overall peak capacity and resolution of targeted analytes. 
Utilization of vapor dopants is a key feature of the SelexION technology, and the latest highlights in this fast-evolving area will be 
communicated by Brad Schneider (AB Sciex). 
The FAIMS resolving power scales roughly as the cube of field strength that was limited by electrical breakdown threshold. This 
constraint is essentially lifted in the FAIMS microchips by Owlstone, where fields up to 75 kV/cm permit ion filtering in <100 μs. 
Richard Yost (Univ. of Florida) will show first findings on the use of these chips with solvent vapors. While resolution gains 
resemble the effect in full-size FAIMS, the extreme fields in microchips cause intense ion heating that enables rich new chemistry 
leading to additional separation mechanisms.        
A raising MS approach to structural elucidation of proteins and their complexes is chemical cross-linking, but enormous number 
and diversity of products greatly challenge their detection and identification. Separations by IMS have a major potential here, and 
Tara Pukala (Adelaide) will describe the use of novel negative-ion cleavable cross-linking reagents in this context.
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Keywords:
Food safety, Mass spectrometry, Foodborne microorganisms, Mycotoxins, Chemical residues, Pesticides, Food packaging and 
processing

Scope of Session:
Recent food incidents have drawn the public’s awareness of how food supply is regulated and inspected to be deemed safe for 
consumption. The common food harmful substances include foodborne microorganisms, mycotoxins, chemical residues, 
pesticides, melamine, plasticizers, and chemical contaminants from food packaging and processing. Only trace amount of these 
harmful substances is sufficient to cause harmful health effects. Thus, mass spectrometry plays a critical role as an excellent 
analytical tool to identify food contaminants accurately and efficiently. This workshop explores the recent advances and 
application of mass spectrometry to food safety, and challenges in food sample preparation.




