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Foreword
 

In the following pages you find the fifth progress report of the Joint Mass 
Spectrometry Centre (JMSC), which works since 2008 as a cooperative, joint 
research facility of the University of Rostock (Institute of Chemistry, Chair 
of Analytical Chemistry) and the Helmholtz Zentrum München (Comprehen-
sive Molecular Analytics, CMA). The JMSC conducts research in the field of 
environmental health and in the area of development and application of 
analytical techniques for the characterization of complex molecular mixtu-
res. Furthermore you’ll find also the first progress report of the Helmholtz 
Virtual Institute of Complex Molecular Systems in Environmental Health - 
Aerosols and Health (HICE). 

In the first part of this report the concept and structure of the 
JMSC are summarized, selected highlights as well as new JMSC 
PhD-students and projects are briefly introduced. In the follo-
wing scientific reports on some of the highlights achieved in 
the last two years are presented. Finally, the members of the 
JMSC are briefly personally introduced and the JMSC’s perfor-
mance parameters, such as cooperations, publications, lectu-
res and acquired third-party funded projects are listed. The 
second part reports about research and activities performed 
under the umbrella of “Helmholtz Virtual Institute of Complex 
Molecular Systems in Environmental Health - Aerosols and 
Health (HICE)”. The successful implementation of HICE is par-
ticular important for the JMSC, also in the view of the inten-
ded extension and consolidation of the cooperation of Rostock 
University and Helmholtz Zentrum München in the current 

research topics. I believe that the progress report at hand gives a good 
overview on the achievements and capabilities of the current cooperation 
between the Helmholtz Zentrum München and the University of Rostock. 
Last but not least I have to thank many persons for helping to bridge the 
gap between Munich in Rostock. I‘m indebted to the rector of the University 
of Rostock, Prof. Dr. Schareck, and the scientific CEO of the Helmholtz Zen-
trum München, Prof. Dr. Wess, for the ongoing support of JMSC and HICE. I 
have to acknowledge the excellent work and support of all the co-workers 
and co-operational partners of JMSC and HICE. Finally I like to thank our 
HICE-project manager, Ms. Sorana Scholtes, for compiling the current pro-
gress report and setting up a new design. I close with expressing my hope 
that the following two years will be as successful and interesting as the 
preceding reporting period. 

Prof. Dr. Ralf Zimmermann
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Concept
Since April 2008, the University of Rostock (Chair of Analytical 
Chemistry) and the Helmholtz Zentrum München (Compre-
hensive Molecular Analytics) are cooperating in the general 
fields of environmental health research (e.g. human-health 
related ambient and emission aerosols research) as well as 
in the area of development and application of mass spec-
trometric and chromatographic analytical techniques for the 
characterization of complex molecular mixtures. A joint rese-
arch unit of University of Rostock and the Helmholtz Zentrum 
München, the “Joint Mass Spectrometry Centre” (JMSC), was 
founded for this purpose. The JMSC is headed by Prof. Dr. Ralf 
Zimmermann, who concurrently holds the Chair of Analytical 
Chemistry (CAC) at the University of Rostock (UR) and directs 
the independent cooperation unit “Comprehensive Molecular 
Analytics” (CMA) at the Helmholtz Zentrum München (HMGU). 
The JMSC thus consists of CMA at HMGU and the CAC at UR. 
Since 2012 the cooperation is further intensified by the success-
ful application, funding and successful implementation of the 
“Helmholtz Virtual Institute of Complex Molecular Systems in 
Environmental Health - Aerosols and Health (HICE)”. HICE is an 
international research consortium with 8 partner institutions, 
funded for 5 years by the Helmholtz Impulse and Networking 
Funds of the Helmholtz Association (INF), and supported fi-
nancially by HMGU and UR. Prof. Dr. Ralf Zimmermann holds 
the position of speaker of HICE. In this progress report the first 
two years of the activities of HICE are also covered. 

In the next years the main tasks for JMSC are to consolida-
te and further increase the cooperation between the Univer-
sity of Rostock and the Helmholtz Zentrum München and to 
further sharpen the research strategy using the momentum of 

the successful implementation of the Helmholtz Virtual Insti-
tute HICE. This includes the perpetuation of the HICE initiative 
beyond the five year seed funding period. In this context, in 
addition to various applications for EU and US-FDA consorti-
um funding, curently different possibilities, including an in-
itiative for a Helmholtz Institute, an extension of the HMGU 
activities in Rostock and a proposal for a Helmholtz Research 
Alliance of the topic “Aerosol and Health” are under conside-
ration or preparation.

JMSC Research Areas

The scientific activities of the JMSC are currently structured in 
two general research fields. The objective of the first general 
research field of the JMSC is to study environmental aspects 
and their impact on human health (i.e. environmental health 
research). Environmental factors which are directly or indirec-
tly relevant for human health and wellbeing are studied. This 
includes the analysis of the effects of environmental factors of 
biological systems, animals and humans. A pronounced acti-
vity in this research field is the investigation of health effects 
of ambient and emission aerosols. 

The second general research field comprehends the area of 
development and application of mass spectrometric and chro-
matographic analytical techniques for the characterization of 
complex molecular mixtures.

The work in the two general research fields is organized in 
three corresponding and interlinked research areas at UR and 
HMGU, respectively (Figure 1). 

Figure 1: The JMSC is divided into three corresponding research areas at the University of Rostock and the Helmholtz Zentrum München, respectively. They intensely 
cooperate with each other. The activities can be comprehend in two major themes, the Environmental Health topic (with “Aerosol and Health” being most intensely 
studied) and the topic Analytical Method and Technology Development. The cooperation partner bifa Environmental Institute GmbH and Photonion GmbH (not shown 
here) are closely related to the research areas HAR/EPA and AMD, respectively.
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The main objective of the research area “Environmental and 
Process Analysis” (EPA) in Rostock is the analysis of chemical 
signatures of technical processes and environmental samples. 
The corresponding area at the HMGU is “Health Relevant 
Environmental Analysis - Aerosol Research” (HAR), which 
is embedded in the framework of the HMGU “Environmen-
tal Health” program-oriented funding (POF) as well as in the 
Department of Environmental Sciences (DES). In HAR ambient 
aerosols and emission aerosols and their health effects are of 
interest. 

The second research area of the JMSC is concerned with bio-
medical and health related applications. Focus points of the 
area “Biomedical Analysis” (BA) in Munich is the comprehen-
sive analysis of biological effects of aerosols and the detection 
of biomarkers of exposure or disease in human samples and 
is embedded in the framework of the HMGU “Environmental 
Health” POF program. This includes human lung cell-based 
toxicological studies on the effect of inhaled aerosols and 
non-targeted metabolic characterization, for instance in di-
abetes research. The corresponding (smaller) research area 
in Rostock is named BA as well. For example metabolic or 
proteomic samples (latter: cooperation with Proteome Centre 
of the Medical Faculty of UR) are investigated by FT-ICRMS. 

The work on the first general research field of the JMSC, the 
environmental health research, is mainly performed in HAR, 
EPA and the two BA research areas in Rostock and Munich.

The JMSC activities the second general research field, the ana-
lytical method and technology development, are done in the 
“Analytical Method Development” (AMD) research areas in 
Rostock and Munich. One particular motivation for the work in 
the AMD research areas is that without new analytical appro-
aches and tools many of the questions arising from the En-
vironmental Health research cannot be solved. 

In Rostock, the AMD area is particularly strong and focuses on 
the advancement and implementation of single and multipho-
ton ionization-mass spectrometry technologies (PIMS) and on 
ultra-high resolution mass spectrometry. The photon sources 
for PIMS consist of laser or lamp-based light sources, such as 
electron-beam pumped rare gas excimer light sources (EBEL). 
At the HMGU the corresponding research area is called “Ana-
lytical Method Development and Comprehensive Molecular 
Profiling”. Examples for the activities include comprehensive 
two-dimensional gas chromatography, GC- and LC-high-reso-
lution TOFMS application and thermal analysis (TA) coupled 
to single-photon ionization time-of-flight mass spectromet-
ry. Furthermore the development and application of analysis 
techniques for petrochemical samples (e.g. fuels relevant for 
anthropogenic aerosol generation) is conducted in Rostock 
and Munich in AMD.

Facilities and Equipment

At the University of Rostock the JMSC is represented by the 
Chair of Analytical Chemistry. It is located in the buildings of 
the University of Rostock in the Dr.-Lorenz-Weg. Currently 18 
scientists and students (senior scientists, postdocs, PhD-stu-
dents and MSc- or BSc-students) are working at the Chair of 

Analytical Chemistry. Three scientists occupy permanent aca-
demic positions, while eleven scientific members of CAC have 
temporary third-party funded employment contracts or are 
scholarship holders. Furthermore there are 3.5 technical staff 
positions located at CAC (2 technicians, one secretary and 0.5 
engineer position). Facilities in Rostock comprise 515 m2 of la-
boratory space (200 m2 for teaching) and 125 m2 of office spa-
ce, including an office container. In 2015 JMSC will move with 
some instruments and personnel into the Mass Spectrometry 
Facility at the new research building of the Department “Life, 
Light &Matter” (LLM) of the interdisciplinary faculty (INF), 
which is currently under construction. Finally also replace-
ment of the old buildings at Dr.-Lorenz-Weg by a new building 
at the natural science campus was granted by the steering 
council of the University and the Ministry of Education of the 
state of Mecklenburg-Vorpommern. Thus the still very prob-
lematic room-situation in the premises of Dr.-Lorenz-Weg will 
be improved by 2015 and hopefully finally solved in 2019. 

The research equipment and instrumentation in Rostock include 
six photoionisation time-of-flight-mass spectrometers and one 
proton transfer mass spectrometer for online analyses (breath 
gas analysis, combustion and pyrolysis analysis, process ana-
lysis). For the ultra-high mass resolution application and de-
velopments a Fourier Transform Ion Cyclotron Resonance Mass 
Spectrometer (FTICR-MS) system is available. The system is 
based on a 7T superconducting cryomagnet and has two FTICR-
MS carts (Solarix and APEX III, Bruker GmbH, Germany). The 
system can be used with MALDI, ESI and GC-APCI ion sources 
and interfaces and reaches mass resolutions of up to 500.000. 
Furthermore CAC has an Orbitrap high resolution mass spec-
trometer with ESI ion source. A laser laboratory is available for 
the application and development of photoionisation techniques 
(Nd:YAG laser, tunable OPO and dye laser, CO2 laser, excimer 
laser, electron-beam pumped rare-gas excimer light sources), 
two LCMS systems and several GC-MS used for method de-
velopment. For applications of analytical pyrolysis, combustion 
research and pyrolysis research, a pyrolysis furnace with two 
chambers and a pyrolyzer that is inter-connectable with a GC/
MS are available. For development and application in thermal 
analysis, a thermo balance system, coupled by a skimmer-mo-
lecular beam-interface to a quadrupole mass spectrometer sys-
tem is available. Thermal desorption equipment is available to 
study carbon content in solid samples. It is coupled to a photo 
ionization mass spectrometer. Finally, a laboratory reactor used 
to study Fischer-Tropsch synthesis (heterogeneous catalysis) is 
implemented. 

The cooperation unit “Comprehensive Molecular Analytics” 
(CMA) at Helmholtz Zentrum München in Neuherberg con-
sists of 13 scientists. Nine scientists are permanently em-
ployed at Helmholtz Zentrum München. Two scientists are 
exempt employees, working as Helmholtz employee repre-
sentatives for half a day. 18 PhD students are employed on a 
temporary basis with contracts through third-party funding 
or are stipend-holders. The cooperation unit also has six 
technical staff members and two retired scientists serving as 
associated scientific consultants. The CMA laboratory rooms 
are currently dispersed in several buildings on the campus 
of the Helmholtz Zentrum München (Buildings 24, 25, 35 and 
57). However, it was currently announced by the CEO of the 
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HMGU that in the near future all members of CMA will move 
together in one building. The cooperation unit in Neuherberg 
operates a HPLC-MS/MS system, an unique LC-ultra high re-
solution TOFMS (cooperation with LECO GmbH, Germany), 
two HPLC systems equipped with a diode array and fluore-
scence detector, one system for multi-dimensional gas chro-
matography time- of-flight mass spectrometry (GCxGC-TOF-
MS), one system for multi-dimensional gas chromatography 
fast quadrupol mass spectrometry (GCxGC-QMS), a prototype 
of a multi-dimensional gas chromatography high resolution 
multi reflection time- of-flight mass spectrometer GCxGC-HR-
TOFMS (cooperation with LECO GmbH, Germany), four GC-MS 
systems (partially equipped for thermal desorption) and se-
veral instruments coupled for thermal analysis (TG, DSC, etc.) 
with EI - quadrupole mass spectrometry and FTIR. Physico-
chemical characterization of particulate matter and aerosol 
particles is performed using a high resolution aerosol mass 
spectrometer (AMS, WTOF), two scanning mobility particle 
size spectrometers (SMPS), two electric low pressure impac-
tors (ELPI), an aerodynamic particle size spectrometer (APS), 
a white light optical particle size spectrometer (WELAS) and 
diverse particle sampling equipment (several Berner impac-
tors, a rotating-drum impactor, a MOUDI impactor and se-
veral low volume samplers). In the framework of the current 
activities in the field of analytical method development we 
use and are currently implementing the following, rather ex-
perimental instruments: 

•	 A laser desorption/thermal desorption-resonance enhanced 
multiphoton ionization-single particle-time-of-flight mass 
spectrometer (LD-TD-REMPI-SP-TOFMS) for the online cha-
racterization of aerosol particles. 

•	 A laser-desorption ionization/laser-desorption resonance 
enhanced - multiphoton ionization/single photon ionization 
- time of flight mass spectrometer (LDI/LD-REMPI/SPI-TOF-
MS) for the analysis of solid samples, sampled aerosol par-
ticles and biological samples. 

•	 A thermal analysis - single photon ionization - quadrupole 
mass spectrometer (TA-SPIxMS). 

•	 A thermal analysis - single photon ionization - time of flight 
mass spectrometer (TA-SPI-TOFMS) for the determination of 
organic signatures in thermal processes. 

 
Four instruments for the multidimensional analysis of highly 
complex samples in bioscience and environmental science are 
currently available in CMA: 

A)	Thermal analysis - single-photon ionization comprehensi-
vely coupled with gas chromatography time of flight mass 
spectrometry (TA-GCxSPI-TOFMS). 

B)	Gas chromatography - EBEL-single photon ionization - 
time of flight mass spectrometry (GCxSPI-TOFMS), 

C)	Comprehensive two-dimensional gas chromatography - 
EBEL-single photon ionization - time of flight mass spectro-
metry (GCxGC-SPI-TOFMS) including two thermal-desorp-
tion - photo ionization - ion trap - mass spectrometers 
(TD-SPI-ITMS) for the determination of security relevant 
compounds (drugs, explosive substances and etc.)  

D)	A multidimensional comprehensive HPLCxGC System cou-
pled to quadrupole MS (cooperation with Shimadzu GmbH, 
Germany).

The Joint Mass Spectrometry Centre cooperates with the bifa 
Environmental Institute through a contractual partnership 
with the CMA. The bifa is a non-profit limited liability com-
pany (GmbH) with the State of Bavaria, the Chamber of In-
dustry and Commerce of Swabia and the City of Augsburg as 
shareholders. It is an application-oriented scientific institute 
located in Augsburg and provides a supply of services in de-
velopment, engineering and consulting focused on technical 
environmental protection for its customers. One employee of 
the bifa currently works as senior scientist in a third-party 
funded project of the JMSC at the HMGU on the fundamentals 
of work place aerosol characterization.

Technology Transfer: Photonion GmbH

Ongoing developments in online single photon ionisation mass 
spectrometry (SPI-MS) in our cooperation unit have led to a 
number of patents and third party projects, often carried out 
with direct industrial support. To satisfy the upcoming demand, 
a spin-off company was founded: Photonion GmbH. It is clo-
sely connected to scientific research and aims at the further 
development of innovative trace gas analysis instruments ba-
sed on the JMSC photo ionization-mass spectrometry (PI-MS) 
techniques and expertise. The SPI-MS technique involves either 
an electron-beam pumped excimer light source (EBEL) or an 
laser induce frequency tripling gas cell for generation of VUV 
light, which allows the efficient and soft ionization of organic 
compounds. Furthermore system base in the REMPI PI-MS 
techniques are developed and marketed. SPI-MS is applicable 
for on-line analysis of complex mixtures of organic compounds. 
Various applications, for instance in process and product sur-
veillance for food, drugs, and mineral oil, chemical and medical 
products have been performed. The technique is also used in 
fundamental and applied research, for example for the analy-
sis of synthetic material, the quality assurance of petrochemical 
feedstock and natural products and also for the analysis of ther-
mal processes, such as the puff-resolved analysis of pollutants 
in tobacco smoke. Partners of Photonion GmbH are Ascenion 
GmbH (patent realization association of the Helmholtz Zentrum 
München), Tofwerk AG (custom time-of-flight mass spectro-
meters in Thun, Switzerland) and Airsense Analytics (innova-
tive sensor technologies and safety equipment in Schwerin, 
Germany). Seed capital came from these partners and from a 
presidential grant (HEF) of the Helmholtz Community (HGF). Re-
search-related parts of Photonion are located at Helmholtz Zen-
trum München. The head office is based at Airsense Analytics, 
Schwerin. Interrelations exist with companies (Borgwaldt KC 
GmbH, Hamburg; Netzsch Gerätebau GmbH, Selb) that use the 
EBEL photoionisation mass spectrometry technique for the cha-
racterisation of tobacco smoke and thermo analysis, respecti-
vely. The EBEL-SPI-MS technique has a high potential for further 
development. The coupling of EBEL-SPI-MS systems with chro-
matographic separation (GC, HPLC, CE and etc.) may be a key 
technique for further fields of application.
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The cooperation unit Complex Molecular Analysis (CMA) is 
located on the campus of Helmholtz Zentrum München

The JMSC inauguration took place in the historical main buil-
ding of the University of Rostock in 2008

A JMSC PhD Student is analyzing the sizes of particles with a 
white light optical spectrometer

PhD Students at an internal Spring School

PhD student working on the photo ionization-mass spectrome-
ter at the Chair of Analytical Chemistry in Rostock

The spin-off company Photonion GmbH also uses photo ioniza-
tion-mass spectrometry techniques and expertise
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CMA starts cooperation with Shimadzu

In 2012 a cooperation between Shimadzu and CMA was launched 
with the goal to evaluate Shimadzu’s LCxGC-MS System for petroche-
mical applications. Shimadzu provided a LC-GC-QMS System, which 
was built-up at CMA. Since the installation the system was further 
upgrades by CMA to LCxGCxGC-qMS and is mainly used for characte-
rization of Fischer-Tropsch products and crude oil cuts.

Shimadzu LC-GC-qMS after installation in 2012

CMA starts cooperation with LECO

In 2012 a cooperation between LECO and CMA was launched. The 
bases of the cooperation are two high resolution time-of-flight sys-
tems, which were built up in 2012 at the CMA facilities. The Pega-
sus GC-HRT System was installed in summer 2012 and was recently 
upgraded to GCxGC.

 
LECO Pegasus GC-HRT System after Installation in 2012

Sino-German Workshop and Analytica Shanghai

In 2012 CMA attended the Sino-German Workshop on “Analysis of 
Biomarkers in Complex Samples” in Dalian as well as the corres-
ponding satellite Symposium “Advances in High Performance Sepa-
ration and MS-Detection of Complex Samples” at the Analytica China 
in Shanghai.

 

2012 Sino-German Workshop in Dalian, China

Selected News & Highlights

Dissertations

In the JMSC five PhD Students completed their 
dissertation thesis at the University of Rostock: 

•	 June 2013: Alois Fendt, Jürgen Orasche
•	 November 2013: Michael Elsasser, Romy 

Hertz-Schünemann
•	 January 2014: Marion Schäffer 

Alois Fendt, Jürgen Orasche, 
Michael Elsasser,  
Romy Hertz-Schünemann, 
Marion Schäffer
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Foundation of VAO

Inspired by the Umweltforschungsstation Schneefernerhaus (UFS) and 
encouraged by the Bavarian State Ministry of the Environment and 
Consumer Protection the cross-border network „Virtual Alpine Ob-
servatory“ (VAO) was established. The Virtual Alpine Observatory is 
currently a co-operation between the UFS, the High Altitude Research 
Station Jungfraujoch (Switzerland), the Height Observatory Sonnblick 
(Austria) and other international partners. It offers an excellent plat-
form for environmental research relevant to health and climate.

Within the framework of VAO the JMSC plans future investigations 
to determine source-specific tracer compounds, like levoglucosan, 
by highly sensitive In-situ-Derivatization-Thermal-Desorption-Gas Chromatography-Time of Flight-Mass Spectrometry 
(IDTD-GC-TOF-MS). The idea is to distinguish the origin from aerosols (e.g. short-term-transported wood smoke products 
or long-term-transported coal combustion products) by trajectory-controlled sampling, detailed chemical characterizati-
on with IDTD-GC-TOF-MS and highly time resolved measurements of black carbon and brown carbon via an Aethalometer.

European Aerosol Conferences 2012 and 2013

The annual European Aerosol Conferences (EAC) are an important 
scientific stage for the JMSC members. They present their current 
results there and meet experts in aerosol science from all over the 
world. At the EAC 2012 in Granada, Spain, George Dragan, Markus 
Oster, Jürgen Orasche and Ralf Zimmermann presented their results 
on the topics combustion aerosols and new analytical techniques for 
investigating particles. The JMSC group also showed several posters. 
The social program included a visit of the Alhambra by night and an 
evening at the representative place of the councilor of Granada.

In 2013 the EAC took place in Prague, Czech Republic. Raeed Qadir, 
George Dragan, Jürgen Orasche and Ralf Zimmermann gave talks 
about ambient aerosols, secondary organic aerosols, ship emission 
aerosols and novel analytical techniques for investigating aerosols. 
The first results from the Helmholtz Virtual Institute HICE were also 
presented at the EAC 2013. 

The JMSC PhD students, Laarnie Müller and Michael Elsasser, won an 
EAC Best Poster Award.

 

 
JMSC and HICE members attended the  EAC 2012 in Granada, Spain

Installation of Leco Citius LC-HRTOF-MS

In October 2012 a Leco Citius High resolution time of flight mass spectrometer coupled to an ultrahigh performance liquid 
chromatography system was installed at the Helmholtz Zentrum München. The instrument was obtained within a co-ope-
ration with Leco Corporation. The unique prototype is used for the investigation of complex, mainly biological samples. 
Its high resolution combined with very fast scan rates renders it also attractive for targeted and non-targeted analysis. 

Umweltforschungsstation Schneefernerhaus (UFS) below  
the mountain top Zugspitze 

Laarnie Müller won an EAC Best Poster Award for her research on 
primary aerosols from ship diesel engine exhaust
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61st ASMS Conference on Mass Spectrometry 
and Allied Topics
In 2013 a delegation of the JMSC and Photonion attended the 61st 
ASMS Conference on Mass Spectrometry and Allied Topics in Min-
neapolis (USA). Beside several oral and poster presentations also a 
session about photoionization and a workshop were headed by Ralf 
Zimmermann and Jack Syage.

61st ASMS Conference on Mass Spectrometry and Allied Topics, Minneapolis, USA

Third funding period of the Helmholtz Association 

In 2014 the 3rd funding period of the Program-ori-
ented funding (POF III) of the Helmholtz Association 
started. CMA participates in the strategic research 
“Genes and Environment in Common Diseases” 
(GEnCoDe) program of the Helmholtz Zentrum 
München. The scientific focus of the programme is 
the systematic analysis of the interactions between 
the genome, environmental factors and ageing. 
Within this research area CMA focusses on new 
approaches to quantify internal markers of expo-
sure resulting from environmental exposure such 
as measuring chemicals and their transformation 

products in body fluids, oxidative stress markers (Topic 1) and aims to establish the interaction between exposure and exposome 
studying pathways and dynamics of cell-culture responses to aerosol exposure (Topic 5). Furthermore in Topic 5 new analytical 
methods and technologies are developed to improve the exposure characterization as well as the detection of biological- or he-
alth-effects in lung-cell based test systems and human or animal samples.

Helmholtz Virtual Institute HICE

The Helmholtz Virtual Institute in Aerosols & Health HICE was offi-
cially opened in May 2012. All HICE Partners, the Chancellor of the 
University of Rostock, Prof. Dr. Wolfgang Schareck, and the scientific 
manager of the Helmholtz Zentrum München, Prof. Dr. Günther Wess, 
participated in the opening event at the Leibniz Institute for Baltic 
Sea Research (IOW) in Warnemünde. The opening was covered by 
the local media. HICE is led by the Helmholtz Zentrum München and 
the University of Rostock and it combines 13 partners from research, 
education and industry. The aim of the project is to find out about the 
causes of the adverse health effects of anthropogenic aerosols.

HICE hold its first joint measurement campaign at the University of 
Rostock in November 2012. During the three weeks campaign en-
gineers, chemists, physicians and biologists worked together to in-
vestigate on the impact of aerosols from ship diesel emissions. First 
results are available. Other sources of aerosols that HICE is intensi-
vely analyzing are wood and pellet burner in households. The experi-
ments with different types of wood took place at the University of Eas-
tern Finland in Kuopio in October 2013. The analyses are proceeding. 
 

The HICE members in front of the HICE mobile lab at the University of Rostock

Young scientists analyzing aerosols from wood combustion at the 
University of Eastern Finland

Workflow and capabilities for the investigation of aerosols and its interaction with  
biological systems
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JMSC Meeting in Munich 2012

The 2012 meeting of the JMSC members took place in Munich from 27th till 29th of June. The Munich hosts and the Rostock 
guests started the event with a barbecue evening. In the following seminars the JMSC researchers and students presen-
ted their work during 15 minutes talks each. The group hiked to Klosterbräu Andechs in the south of Munich, visited the 
abbey, which is famous for its brewery, and spent an afternoon in the beer garden. The next day the group followed a 
guided tour through the Munich City Centre and finished the joint event in the English Garden. 

JMSC Meeting in Rostock 2013

The annual meeting of the JMSC group 2013 took place at Rostock from 
June 25th to June 28th. It started with the PhD defenses of Alois Fendt 
and Jürgen Orasche, which were celebrated together with the whole 
group. The scientific topics and further plans of the JMSC were discus-
sed during a group seminar at the Leibniz Institute for Baltic Sea Re-
search (IOW) in Warnemünde. The JMSC group visited the old town of 
Stralsund and experienced an underwater journey at the Ozeaneum.

The JMSC group at the Leibniz Institute for Baltic Sea Research in Warnemünde (IOW)

Opening of the Department of Environmental Sciences:  
Environmental research to improve health
The Department of Environmental Sciences (DES) at the Helmholtz Zentrum München was opened on Wednesday, 18 July 
2012. Seven environmental research units have been amalgamated at the Helmholtz Zentrum München with the aim of 
improving the link between environmental and health research at the center in the future. Shortage of resources, the 
impact of climate change on terrestrial ecosystems, pollution or air, water and soil as well as the spread of species to 
new habitats have consequences for human health. With its integrated concepts and new technologies, the Helmholtz 
Zentrum München contributes to the sustainable use of resources 
and environmental health research. From now on, the seven ins-
titutes and departments that are networked under the roof of the 
DES will be largely responsible for their own organization under 
one joint management and will pursue common scientific goals. 
The broader aim of the research is to examine the effects of global 
changes on eco-systems, to record the consequences for human he-
alth and, on that basis, to develop strategies to sustainably protect 
people and the environment. In this regard, the Helmholtz Zentrum 
München offers unique opportunities through the close collabora-
tion of researchers from different disciplines. The Department of 
Environmental Sciences combines the following three institutes, 
three departments and the cooperation group with the University 
of Rostock (CMA) under one roof: the Institute of Biochemical Plant 
Pathology headed by Professor Jörg Durner (currently spokesman 
for the DES), the Institute of Soil Ecology headed by Professor Jean Charles Munch, the Institute of Groundwater Ecology 
headed by Professor Rainer Meckenstock, the Research Unit Analytical BioGeoChemistry headed by PD Dr. Philippe 
Schmitt-Kopplin, the Research Unit Environmental Genomics headed by Professor Michael Schloter, the Research Unit 
Microbe-Plant Interactions headed by Professor Anton Hartmann, and the Comprehensive Molecular Analytics coope-
ration group (CMA) headed by Professor Ralf Zimmermann. While the DES partners concentrate their research on the 
environmental compartments soil, plant and water, CMA focusses on the elucidation of environmental and health effects 
of anthropogenic aerosols (environmental compartment air). It is noteworthy, that CMA is associated in the framework 
of the program-oriented funding structure (POF III) not in program “Terrestrial Environment (TE)“ but in the program 
“Genes and Environment in Common Diseases“ (GEnCoDe, topic 1: “Systemic analysis of genetic and environmental 
factors that impact health” and topic 5:”New technologies for biomedical discoveries”). CMA thus is taking a bridging 
position between health and environmental activities at the HMGU. 
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New PhD Students

Laarnie Müller

Laarnie Müller (formerly Tu-
molva) earned her Master of 
Science degree in Environ-
mental Science and Enginee-
ring at Gwangju Institute of 
Science and Technology 
(GIST) in South Korea in 2010 
and her Bachelor of Science 
in Chemistry degree at the 
University of the Philippines 
(UP) Diliman Campus in 
2004. She obtained her pro-
fessional chemist license in 
2004 and worked for 2 years 

at the UP Natural Sciences Research Institute Research and 
Analytical Services Laboratory. In 2007, she participated in the 
Joint Program of the United Nations University-GIST Internship 
in South Korea. From 2010 till end of 2011, she attended cour-
ses at the Department of Nanobiomaterials and Electronics at 
GIST,  joined international exchange program, and at the La-
boratory of Applied Macromolecular Chemistry. Since July 
2012 she is a JMSC and HICE PhD student and working on the 
topic chemical and physical characterization of combustion 
aerosols from different sources investigation of their dynamics 
and transformation using aerosol instrumentation techniques.

•	 Laarnie Müller
•	 Helmholtz Zentrum München
•	 +49 (0)89 3187-3740
•	 laarnie.mueller@helmholtz-muenchen.de
 

Yvonne Giesen

Yvonne Giesen studied 
chemistry and received her 
diploma at the University of 
Cologne in September 
2006. Afterwards, she 
worked for the Max Planck 
Institute for Neurological 
Research in the section of 
radiochemistry for three 
years. Main task was the 
production and develop-
ment of PET-radiopharma-
ceuticals for preclinical and 
clinical research. In 2011 

she started her current position at the Institute for Occupatio-
nal Safety and Health of the German Social Accident Insuran-
ce. She works in the division “Chemical and Biological Ha-
zards” which provides its analytical capabilities to the Social 

Accident Insurance Institutions for determining the degree of 
exposure to hazardous substances. In November 2013 she 
started her PhD thesis “Individual Production of Reference 
Materials for Volatile Compounds”. Due to their complex pro-
duction and limited stability, reference materials for VOCs are 
extremely rare. The aim of her work is to develop a system 
that provides reference materials for VOCs on demand. She 
focuses on reference materials that are suitable for use flexib-
ly and under practical conditions with regard to specific wor-
king areas. In order to assure flexibility and low working place 
concentrations microdosing methods capable of dosing extre-
mely small substance quantities reproducibly are required. 
Various MS-systems should be used for quality management.

•	 Yvonne Giesen, Dipl.-Chem.
•	 Bundesanstalt für Arbeitsschutz und Arbeitsmedizin
•	 +49 (0) 2241 2312567
•	 yvonne.giesen@dguv.de
 

Christopher Rüger 

Christopher Rüger studied 
Chemistry at the University 
of Rostock and received his 
Master of Science degree in 
September 2013. His rese-
arch is focused on the cha-
racterization of complex 
mixtures using high reso-
lution mass spectrometry. 
Therefore, different types 
of ionization techniques as 
well as mass analyzer tech-
nologies are applied. High 
resolution and ultra-high 

resolution are achieved with Orbitrap and Ion-cyclotron-reso-
nance mass analyzer. The main aim of his thesis is the deeper 
investigation of the chemical composition of different fuel ty-
pes as well as combustion aerosol samples. Due to the diffe-
rent selectivity of various ionization sources, several ionizati-
on techniques such as electro-spray-ionization (ESI) and 
laser-desorption-ionization (LDI) are used. Laser-based ioniz-
ation techniques and their development and implementation 
is one target of his research. The highly complex spectra with 
several thousand of mass-to-charge signals require different 
levels of data exploration, hence, the development of approp-
riate multivariate data analysis and programming of speciali-
zed algorithms are further objectives of his work.

•	 Christopher Rüger, M. Sc.
•	 University of Rostock
•	 +49 (0)381 498-6532
•	 christopher.rueger@uni-rostock.de
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Sabrina Erdmann

Sabrina Erdmann studied 
Biology and Chemistry at 
the University of Rostock 
and received her diploma 
degree in July 2007 and 
September 2012. Her rese-
arch is concerned with the 
analysis of natural water 
samples of the Baltic Sea 
and its catchment area 
draining rivers with the 
help of gas chromatography 
x mass spectrometry. It is 
embedded in the joined AT-

KiM-Project, under the chair of the Institute for Baltic research 
(IOW), Warnemünde, Germany. The main focus lies on mono-
meric phenolic compounds, originating from the terrigenous 
lignin to fulfill the aim to understand the availability and distri-
bution pathways as well as to examine the photochemical and 
microbial degradation timescales of the macromolecular geo-
chemical tracer respectively. Therefore the within the scope of 
the diploma dissertation developed complex preparation ma-
nual for aqueous samples has to be refined and optimized for 
the new stated measuring system of GC x double focusing sec-
tor field MS, to achieve the highest possible sensitivity in com-
bination with the most suitable resolution.

•	 Sabrina Erdmann, Dipl.-Biol., Dipl.-Chem.
•	 University of Rostock
•	 +49 (0)381 498-6531
•	 sabrina.erdmann2@uni-rostock.de 

 

José Antonio Sánchez López 

José Antonio Sánchez 
López studied Biotechno-
logy at Athlone Institute of 
Technology and Chemistry 
at the University Jaume I 
(Spain). He received his 
Master’s degree in 2008. 
Since then, he has worked 
in research both in public 
(University Jaume I, Alba-
cete’s Hospital) and priva-
te institutions (CICbioma-
GUNE, Unilever). In April 
2013 he joined the Marie 

Curie ITN project PIMMS (Proton Ionization Molecular Mass 
Spectrometry). He is an external PhD student based at ZHAW 
under the supervision of Prof. Dr. Chahan Yeretzian. His re-

search is focussed on: “Process monitoring with soft ioniza-
tion mass spectrometry techniques”. The main aim of his 
research is the development and application of soft ionizati-
on mass spectrometry tools (mainly proton transfer reaction 
and photoionization) allowing to follow chemical changes 
happening in foodstuff in real time. Processes in scope are 
those which can impact the final consumer experience and 
can be found along the whole food production chain: indus-
trial processing, food preparation or food consumption. The 
knowledge and tools developed during this project will help 
companies to optimize their processes and/or improve their 
final product from a sensory point of view.

•	 José Antonio Sánchez López
•	 Zurich University of Applied Sciences (ZHAW)
•	 Marie Curie Early Stage Researcher
•	 +41 (58) 934 53 26 
•	 sanc@zhaw.ch 

Maximilian Jennerwein 

In July 2012, Maximilian Jen-
nerwein successfully com-
pleted his state examination 
in Food Chemistry at the In-
stitute for Molecular Senso-
ry and Food Chemistry in 
Freising, Weihenstephan. 
After a half year practical 
work placement at the 
meyer.science GmbH, he 
joined the CMA and started 
his PhD in January 2013 at 
the co-operation partner 
ASG Analytik-Service 

GmbH. His work focuses on the development of comprehensive 
GCxGC-TOFMS methods for the analysis of middle distillates. The 
studies combine the creation Visual Basic Scripts (VBS) for an 
automated identification and classification of middle distillates 
like jet fuel, diesel fuel and heating oil and the development of a 
group-type quantification using different internal standards for 
an interpolation of response factors. Furthermore, his research 
focuses on the analysis of heterorganic compounds comprising 
sulfur, nitrogen and oxygen compounds as minor components. 
Max collaborates with Benedikt Weggler, who uses GCxGC-TOF-
MS and VBS for the analysis of particulate matter. The work is 
carried out at co-operation partner ASG in Augsburg.

•	 Maximilian Jennerwein
•	 Analytik Service GmbH / Helmholtz Zentrum München
•	 PhD Guest Student
•	 +49 (0)89 3187-4239
•	 max.jennerwein@helmholtz-muenchen.de



18

Xiao Wu

Xiao Wu studied Environ-
mental & Occupational He-
alth at the Public Health 
School of Shandong Uni-
versity and received his 
Master degree in 2012. He 
joined the CMA and started 
his PhD in October 2012. He 
successfully applied the 
scholarship from the Chi-
nese Scholarship Council 
(CSC). His doctorate can be 
divided into three parts. 
The first step is the de-

velopment, optimization and validation of an LC-MS method 
for the determination of markers of oxidative stress in biologi-
cal samples. The target compounds include markers like 8-hy-
droxy-deoxyguanosine and malondialdehyde. Due to the low 
concentrations in complex samples the sample processing 
plays an important role. In a second step the method shall be 
applied for the investigation of biological samples generated 
during two projects: Urine samples originating from a joint 
project with the Institute of Epidemiology (ULTRA III) and cell 
extracts derived from measuring campaigns within the HICE 
project. Evaluation and interpretation of the data shall be the 
final step of his work.

•	 Xiao Wu
•	 Helmholtz Zentrum München
•	 +49 (0)89 3187-3169
•	 xiao.wu@helmholtz-muenchen.de
 

Hendryk Czech

Hendryk Czech studied 
chemistry at University of 
Rostock and received his 
Master’s degree in 2013. 
The project of research he 
is involved is called “WOOd 
combustion and SHIpping 
– primary aerosol emissi-
ons and secondary aerosol 
formation potential 
(WOOSHI)”. In 2014, 
Hendryk Czech successfully 
applied for a PhD scholars-
hip from European Social 

Fund (ESF). The WOOSHI-Project includes studies about pri-
mary emissions from wood combustion and ship engines to-
gether with their secondary products from conversion proces-
ses in the atmosphere. On-line gas phase analysis is carried 
out by photo ionisation time-of-flight mass spectrometry 
(TOFMS), which provides high temporal resolution to monitor 
even fast events during combustion. Moreover, particulate 
emissions are examined by thermal/optical carbon analyzer 

(ECOC) which has been coupled to a time-of-flight mass spec-
trometry instrument. This setup gives the opportunity to ob-
tain information about the molecular composition of single 
carbon fractions from EC/OC analysis.

•	 Hendryk Czech
•	 University of Rostock
•	 +49 (0)381 / 498 6533
•	 hendryk.czech@uni-rostock.de

Theo Schwemer 

Theo Schwemer studied 
Chemistry and received the 
diploma degree at the Uni-
versity of Rostock in Sep-
tember 2012. His work con-
tributes to the Helmholtz 
Virtual Institute of Complex 
Molecular Systems in En-
vironmental Health: Aero-
sols and Health. The topic 
of his research is “High Re-
solution Mass Spectromet-
ry coupled to Atmospheric 
Pressure Chemical Ionizati-

on Gas Chromatography”. His doctorate is focused on the de-
velopment and application of a GC-APCI FTICR system for the 
characterization of volatile and semi-volatile compounds in 
emission aerosols. Therefore he is using the high resolution 
and accurate mass spectrometry to get compositions and re-
tention times of compounds.

•	 Theo Schwemmer
•	 University of Rostock
•	 +49 (0)381 498-6531
•	 theo.schwemer@uni-rostock.de

Tamara Kanashova

Tamara Kanashova studied 
Biosystems Engineering at 
Otto von Guericke Universi-
ty Magdeburg and received 
her Diploma in 2011. She 
started her PhD in Febru-
ary 2012 in the laboratory 
of Dr. Gunnar Dittmar in 
Max-Delbrück-Centrum for 
Molecular Medicine in Ber-
lin. Her research focuses 
on „Applying quantitative 
mass-spectrometry based 
proteomics on relevant 

questions of combustion gas-induced health effects”. To ad-
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dress these questions Tamaras work is embedded in the HICE 
consortia. Here the lung cells are exposed to combustion ga-
ses using a sophisticated air-liquid interface, while all para-
meters of the gas, the aerosol and the cellular responses are 
determined using different techniques. For the measurement 
of the cellular response she applies latest isotope-based labe-
ling techiques (SILAC) and combines her data with data ob-
tained by transcriptomics, metabolomics and FLUX analysis, 
performed by other members of the HICE consortia.

•	 Tamara Kanashova
•	 Max-Delbrück-Centrum for Molecular Medicine (MDC)
•	 +49 (0)30 9406 2338
•	 tamara.kanashova@mdc.berlin.de

Benedikt Weggler 

Benedikt Weggler comple-
ted his Diploma in Chemis-
try with main emphasis on 
analytical Chemistry in 
December 2012 at Ulm Uni-
versity. In January 2013 he 
joined the CMA group in 
Munich in order to contri-
bute scientifically in the 
field of comprehensive 
multidimensional gas 
chromatography. His doc-
torate is strongly linked to 
the Helmholtz Virtual Insti-

tute of Complex Molecular Systems in Environmental Health 
(HICE), The main objective of HICE is a comprehensive biolo-
gical, chemical and physical characterization of anthropoge-
nic aerosols. Therefore, the main objective of his doctorate is 
setting up and improve existing non-targeted, two dimensio-
nal, gas chromatographic methods for the analysis of the par-
ticulate phase of such aerosols as well as the development of 
data analysis routines to cope with the vast amount of data 
produced by such techniques. Finally, those results should be 
correlated to the chemical and biological findings produced 
by other techniques applied in the HICE project.

•	 Benedikt Weggler
•	 Helmholtz Zentrum München
•	 +49 (0)89 3187-4239
•	 benedikt.weggler@helmholtz-muenchen.de

 

Matthias Fuchs

After finishing secondary school, Matthias Fuchs did an 
apprenticeship as chemical worker in dental industry after 
which he got his qualification for university entrance on cont-
inuation education. He studied Engineering Physics at the Uni-
versity of Applied Science in Munich and finished his diploma 

thesis about the development of an optical pH-Sensor. He 
worked for WTW as an ap-
plication engineer for phy-
sical and chemical measu-
ring sensors in water 
analysis und also did R&D 
work in this field. After his 
diploma he went on stu-
dying Photonic for his M.
SC. and finished with a the-
sis about the simulation of 
lightscattering from aero-
sol particles in order to im-
prove their recognition du-

ring particle sizing. Currently he is working on his doctoral 
thesis at the CMA at Helmholtz-zentrum Muenchen about the 
analytics of particle bound PAHs.

•	 Matthias Fuchs
•	 Helmholtz Zentrum München
•	 +49 (0)89 3187-3740
•	 matthias.fuchs@helmholtz-muenchen.de
 
 

Janos Varga

Janos Varga studied che-
mical engineering at the 
Budapest University of 
Technology and Econo-
mics. After working one 
year as a research chemist 
in the pharmaceutical in-
dustry, he joined the CMA 
and started his PhD in June 
2013. His work is embed-
ded in a joint research pro-
ject between Netzsch-Ge-
rätebau GmbH, Photonion 
GmbH and the CMA group, 

and is funded by the Bavarian Science Foundation (BFS, Bay-
erische Forschungsstiftung). The PhD project runs in coope-
ration with Prof. Dr. Armin Reller from the Chair of Resource 
Strategy of the Augsburg University. The major objective of 
his research is the optimization of skimmer coupling between 
thermal analysis and single photon ionization mass spectro-
metry. Next to this issue, new applications of the developed 
instrument are being investigated in the field of inorganic 
chemistry, monitoring of chemical reactions and industrial 
process simulation.

•	 Janos Varga	
•	 Helmholtz Zentrum München / University of Augsburg
•	 +49 (0)89 3187-3316
•	 janos.varga@helmholtz-muenchen.de
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New research projects

WOOd combustion and SHIpping – primary aerosol emissions  
and secondary aerosol formation potential (WOOSHI)

Wood burning and ship emissions represent 
two poorly understood sources of primary and 
secondary organic aerosol (POA and SOA) that 
have potentially serious health and environmen-
tal effects. Emissions from deep sea transport 
vessels are a serious environmental problem 
due to high heavy metal and condensed aromatic 
hydrocarbon content. Neither the detailed POA 
composition nor the SOA-forming potential have 
been investigated in detail. This is an aim now of 
a cooperation of the Paul-Scherrer-Institute, La-
boratory of Atmospheric Chemistry, Switzerland, 
and the JMSC. The WOOSHI-project is funded by 
the Swiss National Science Foundation (SNF) and 
the German Research Foundation (DFG).

The aim of the ship emissions component of the 
study is the consideration of the total aerosol pro-
duced by ship diesel including both directly emit-
ted aerosol and aerosol produced via plume ag-
eing in a controlled smog chamber. For the wood 
burning experiments, the purpose is the charac-
terization of the total aerosol produced under 

conditions relevant for wintertime domestic he-
ating (e.g. temperatures of ~0°C). While much ef-
fort has been devoted to studying wood burning 
POA, related SOA is not well understood. For both 
systems, the gas/particle interactions are studied 
using a comprehensive set of on-line and off-line 
analytical techniques. Important aims include the 
quantification and chemical characterization of 
POA and SOA and estimation of health effects via 
measurement of reactive oxygen species (ROS).

Gaseous species are measured by a resonan-
ce-enhanced-multi-photon-ionisation time-of-

flight mass-spectrometry (REMPI-TOF-MS) and/
or a single-photon-ionisation (SPI-) TOF-MS. 
Additionally a real time detection of volati-
le organic compounds (VOC) is performed by 
proton-transfer-reaction mass-spectrometry 
(PTR-MS). Moreover an indirect determination of 
OH-radicals, the most common ageing reactant 
in the atmosphere, is possible. The size-resolved 
chemical composition of submicron particles is 
measured on-line by a high-resolution aerosol 
mass spectrometer (HR-AMS). The on-line mea-
surements will be supported by offline analy-
sis of samples from gas and particle phase by 
In-situ-Derivatization-Thermal-Desorption-Gas 
Chromatography-Time of Flight Mass Spectro-
metry (IDTD-GC-ToF-MS). Additionally, samples 
from the emissions and the end status of the ex-
periments will be characterised with state of the 
art ultra-high resolution mass spectrometry and 
two-dimensional GC. This allows studying and 
describing of highly functional organic molecu-
les with similar masses which are formed during 
the ageing processes.

As wood combustion and ship emissions are the 
major sources of organosulfates and organo-
nitrates, one aim of this study is to investigate 
on determination of these hitherto hardly known 
substances, their concentrations and their for-
mation potential under atmospheric conditions 
in the smog chamber. Some of these compounds 
were already observed in ambient air with IDTD 
(Fig. 1).

Fig. 1: Identification of nitrated SOA products with IDTD-GC-
TOFMS (4-Nitrophenol and 2,6-Dimethoxynitrophenol and two 
further nitrated phenols with typical mass spectra).
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The first measurement campaigns of the HICE 
project took place in 2012 (Rostock) and 2013 
(Kuopio). Many experiments have been perfor-
med and a lot of data has been generated. Ques-
tions which could be answered after the campa-
igns naturally gave birth to new questions that 
have to be addressed. It is of course not possible 
to completely do this by means of week-long 
measurement campaigns with high expenditures 
and personnel expenses. Fortunately the JMSC 
has the opportunity to perform small scale mea-
surement campaigns at the Helmholtz Centre in 
Munich either on its own or with the involvement 
of some of the HICE partners. A state of the art 
biological laboratory (safety level S1) as well 
as a mobile container laboratory (safety level 
S2) allow for the cultivation of well-established 
human lung cell lines. The cells can be exposed 
to environmental or synthetic air as well as to 
environmental or freshly emitted combustion 
aerosols at the air liquid interface inside the Kar-
lsruhe Exposure System (“ALI system”) [Paur et 
al. 2011]. The ALI system can be operated inside 
our facilities for model experiments and also in-
side the container laboratory for (anthropogenic 
combustion aerosol-) source specific exposure 
experiments or environmental monitoring. The 
ALI exposure system has innately been designed 

as a toxicological measurement method for air-
borne particles and gases. It is for this reason 
necessary to use biological standard cell viabi-
lity assays (e. g. lactate dehydrogenase assay, 
Resazurin based assays) to assess the toxic ef-
fects on the exposed cells. Since most of these 
assays long for microplate readers with common 
detection modes (absorbance, fluorescence, lu-
minescence) we are happy to have access to the 
assay development and screening platform of 
the HMGU. For the expansion of the very gene-
ral results of the bioassays by more specific and 
deeper information, LC/MS/MS Metabolomics is 
ideally suited. We developed a LC/MS/MS multi 
method which allows us to analyse up to 100 po-
lar metabolites from human lung cells in one LC 
run. The cell pellets are extracted with methanol/
chloroform/water. The cells itself can directly be 
scraped off the disposable culture membrane in-
serts that are used inside the three VITROCELL® 
6/6 exposure modules (three modules with six 
membrane inserts in 6-well size each) within the 
exposure chamber of the ALI system. Our future 
goal is to transfer the targeted LC/MS/MS me-
thod to a LC-HRT system to develop a more com-
prehensive, non targeted method which allows 
for also detecting some of the unknown metabo-
lites inside the cell extracts.

H.-R. Paur, R. R. Cassee, J. Teeguarden, H. Fissan, S. Diabate, 
M. Aufderheide, W. G. Kreyling, O. Hänninen, G. Kasper, M. 
Riediker, B. Rothen-Rutishauser, O. Schmid, O. J AEROSOL SCI 
2011, 42, 668–692 

Air-Liquid Interface and  
Metabolomics
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within the framework of the project „Multidimen-
sional Chemical Analysis of Thermal Processes“

In June 2013, a joint project, associated with the 
project “Multidimensional Chemical Analysis 
of Thermal Processes” funded by the Bavarian 
Research Foundation (Bayerische Forschungs-
stiftung, BFS) was launched. In its initiative, the 
Bavarian Research Foundation promotes young 
scientist to write their doctoral thesis in Bavaria. 
The PhD project runs in cooperation with Prof. 
Dr. Armin Reller from the Chair of Resource Stra-
tegy of the Augsburg University.

The basis of this add-on project is the investi-
gation of the skimmer technology for thermal 
analysis –mass spectrometry coupling systems. 

Main goals are the optimization of the system 
and the cooling effect of the skimmer, investiga-
ted by photo ionization as a fragment-free soft 
ionization technique. Next to the optimization of 
the system, new applications of the developed 
instrument are being investigated in the field of 
inorganic chemistry, monitoring of chemical re-
actions and industrial process simulation.

Contact: Dr. Georg Matuschek, Phone: +49 (0)89 
3187 2773, matuschek@helmholtz-muenchen.de

Funding: This project is being funded by the Ba-
varian Research Foundation. 

Application of Multidimensional Thermal and Chemi-
cal Analysis for the Characterization of Materials and 
Chemical Processes

Schematic setup of the TA-Skimmer-SPI/EI-MS
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In August 2013 a joint project between our co-
operation group “comprehensive molecular ana-
lytics” (CMA) and the Institute of Epidemiology 
II started.

Ultrafine particles (UFP) contribute little to mass 
concentration, but are the dominating contribu-
tors to number concentration. They can penetra-
te deeply into the respiratory system, translocate 
to other important organs of human body via the 
circulation system and therefore cause syste-
mic health effects [1]. Studies on health effects 
of long-term nanoparticle exposure are urgently 
needed for European Union decision makers to 
consider regulations for environmental nanopar-
ticles. Moreover, knowledge is missing regar-
ding nanoparticle chemical composition profiles 
and their specific health effect relevance. A long 

term study with thorough nanoparticles moni-
toring, sampling and analysis as well as health 
effect outcome measurement and assessment 
is granted. A one year sampling campaign cy-
cling among 20 monitoring sites in the Augsburg 
area has started in February 2014 to characterize 
temporal and spatial variation of UFP. Chemical 
composition of nanoparticles sampled at 5 mas-
ter sites will be analyzed by CMA. Urine samples 
collected from the KORA FF4 cohort are analyzed 
to obtain information on representative biomar-

kers. A dataset of nanoparticle exposure and hu-
man health outcome will be generated and serve 
as one important backbone for exposure model 
development of the epidemiologists.

The CMA group samples nanoparticles using a 
Rotating Drum Impactor (RDI) in series with an 
automatic filter sampler thus providing ultrafi-
ne particles only on the filters and, additionally, 
PM10-2.5, PM2.5-1, PM1-0.1 particle fractions on 
the drums. It benefits the analysis of chemical 
compounds by avoiding sampling under too low 
pressure conditions. Lab experiments were car-
ried out using ambient and lab-generated am-
monium sulfate particles to check the cut-off 
size and sampling setup of the RDIs. Both expe-
rimental tests, in the lab as well as pilot paral-
lel sampling on the HMGU campus and on the 
reference site in Augsburg, confirmed the com-
parability and applicability of both samplers for 
parallel reference site and master site sampling.

CMA is responsible for the determination of 
biomarkers of oxidative stress in selected urine 
samples collected from participants of the KORA 
FF4 cohort. For this purpose LC-MS based me-
thods are actually optimized and validated. 

1. Knol, A.B., et al., Expert elicitation on ultrafine 
particles: likelihood of health effects and causal 
pathways. Particle and Fibre Toxicology, 2009. 6.

Contact: Dr. Jutta Lintelmann, Erwin Karg, Pho-
ne: +49(0)89 3187 2847, karg@helmholtz-muen-
chen.de

Funding: This project is funded by the Helmholtz 
Zentrum München – Health and Environment 
Funding.

Environmental nanoparticles and Health: Exposure, 
Modeling and Epidemiology of Nanoparticles and 
their Composition within KORA
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Selected research projects

Stefan Otto (UR), Thorsten Streibel (UR/HMGU), 
Martin Sklorz (UR), Ralf Zimmermann (UR/HMGU)

Introduction

Aromatic compounds, especially PAH play an im-
portant role in fossil fuels and their byproducts. 
Referred to MULLINS et. al. [1] in the crude oil 
feedstock the content of high molecular species 
as well as the aromaticity increases. The frac-
tions of polar compounds containing sulfur are 
increasing as well. All this cause problems with 
the refinery process, desulfurization and stora-
ge [6], which is the reason that these procedures 
are getting more and more complicated.

In complex samples such as crude oil, several 
thousands of different chemical species are pre-
sent and the identification and quantification of 
individual compounds is difficult. ESCHNER [2] 
developed a quasi-simultaneous acquisition of 
hard EI- and soft single photon ionization mass 
spectrometry (SPI-MS) for GC/MS analysis by ra-
pid switching between both ionization methods. 
The system has been successfully applied to die-
sel fuel. In this study an analytical system has 
been developed, that is able to break high mo-
lecular weight structures efficiently, has a high 
separating capacity and provides both universal 
and selective and sensitive substance spectra. 

Experimental 

A conventional gas chromatograph (HP 5890 
Series II) was coupled with a pyrolyzer system 
(Frontier Laboratories, Double-Shot-Pyrolyzer, 
model: PY-2020iD). The samples first undergo a 
desorption process at 300 °C. After the thermal 
desorption process, the same sample is intro-
duced for a second time after the pyrolyzer oven 
is heated up to 600 °C. 

After both steps, the evolved substances are 
injected in the gas chromatograph. It is equip-
ped with a non-polar column (SGE-BPX-5; 30 m 
x 0,25 mm x 0,25 µm). After passing the chro-
matographic column the gas flow was split by 
a Y-Splitter (deactivated PressFit 3-way Y-Split-
ter for FS Tubing with 0,20 to 0,75 mm OD) and 
transferred simultaneously to an electron ioniz-
ation quadrupole MS (EI-QMS) and a Resonan-
ce-Enhanced-Multiphoton-Ionization Time-of-

Flight MS (REMPI-ToFMS). For REMPI, a Nd:YAG 
laser (BIG SKY ULTRA, Quantel, Les UliCedex, 
France) with two frequency doubling units at 266 
nm was employed. The laser is operated with 10 
ns pulse width and a 20 Hz repetition rate with a 
power density of approximately 7 x 106 W / cm². A 
reflectron time-of-flight mass spectrometer (Re-
flectron CTF10, Kaesdorf Geräte für Forschung 
und Industrie, Munich, Germany) was utilized for 
the detection of the molecular ions. A scheme of 
the coupled system is given in figure 1. 

Results and Discussion:

Figure 2 shows two 2D-chromatograms of the 
Turkish crude oil under thermo-desorption and 
pyrolysis conditions. Under thermo-desorption 
conditions a broad substance spectrum is revea-
led and aromatic compounds are registered in a 
mass range between 100 and 450 m/z. The sepa-
ration process along the column and the different 
retention times allow an insight into the different 
species contributing to one mass-to-charge ra-
tio. In the pyrolysis step also a broad substance 
spectrum is visible, but the signal intensities are 
lower. The aromatic substance spectrum starts 
with benzene [m/z = 78] and toluene [m/z = 92]. 
Those are pyrolysis products of larger low vola-
tile structures, which have not been evaporated 
in the thermo-desorption step. 

Figure 3 shows specific ion traces for dibenzo-
thiophene and the first up to the fourth degree 
of alkylation for REMPI-TOFMS and EI-QMS de-
tection, respectively. The isotope ratio of sulfur 
can be used for identification. Interesting are the 

Pyrolysis-gas chromatography with electron-ionization and selective photo- 
ionization mass spectrometry for characterization of complex crude oils

Figure 1: Scheme of the experimental setup depicting the pyrolyzer 
unit (Py), the GC and both mass spectrometric detection systems 
(EI-QMS and REMPI-TOFMS)
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isotopes 32-S and 34-S, which occur in a ratio 
from 95% to 4%, respectively. The figure shows 
the occurrence of methyldibenzothiophene with 
32-S [m/z = 198] in comparison to 34-S [m/z = 
200]. If the retention times of the two peaks are 
coinciding, then with high probability it is a sul-
fur compound. By doing so, one may distinguish 
between PAH and PASH, which have the same 
nominal mass.

Comparing EI and REMPI data, the high selecti-
vity with REMPI at a wavelength of 266nm is ob-
vious. REMPI-ToFMS is able to separate between 
dibenzothiophene and C4-alkylated naphthale-
nes. In the EI chromatogram fourfold alkylated 
naphthalene exhibit significantly lower signals 
than dibenzothiophene. In the REMPI chromato-
gram the conditions are the other way round. It 
is even possible to see five and six times alkyla-
ted naphthalenes, which are no longer detec-
table with the EI setup. Hence, both ionization 

methods complement each other.

The obtained information such as distribution of 
alkylated PAH, size of aromatic structures or the 
fraction of heteroatomic substances may be im-
portant in increasing the efficiency of petroleum 
processing. Furthermore, the developed system 
can also be used for other applications such as 
environmental studies (e.g. characterization of 
dissolved organic matter in sea water etc.).
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Figure 2: Two-dimensional 
GCxREMPI-TOF-MS analysis 
of Turkish crude oil. On the 

y-axis the GC- retention time 
is plotted. On the x-axis 

the mass-to-charge ratio 
is shown. Intensities are 
graduated in color. Left: 

chromatogram of a sample 
injection temperature of 300 
° C. Right: chromatogram of 
a sample injection tempera-

ture of 600 ° C. 

Figure 3: Dibenzothiophene 
and its alkylated derivatives 

(CX) in Greek crude oil. 
Direct comparison of the ion 
traces which resulting from 

REMPI-ToFMS (left) and 
EI-QMS (right). On the x-axis 

GC-time is plotted and on 
the y-axis the peak intensity 

is shown.
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Resonance-enhanced multiphoton ionisation 
time-of-flight mass spectrometry (REMPI-TOF-
MS) has been proven as powerful tool for fast and 
sensitive on-line monitoring of volatile- and se-
mi-volatile organic compounds (VOC/SVOC) for-
med during coffee roasting (1-3). Whereas green 
coffee beans only contain small concentrations of 
VOC/SVOC; roasted coffee is very rich in flavour 
compounds. So far, more than 850 VOC/SVOC 
compounds have been identified and they repre-
sent up to 0.1 % VOC/SVOC per dry weight of ro-
asted coffee (4). Up to now, the knowledge about 
these processes remains fragmentary in face of 
extensive research on coffee flavour formation. 

In this context a new sampling method for PI-MS 
was developed to analyze the formation of coffee 
roast aroma inside a single coffee bean. The ap-
plication of the so called “µ-probe” technology 
to coffee beans allows the on-line monitoring of 
dynamic processes.

Gas sampling and REMPI-technique 

For the single bean experiments, a µ-probe 
sampling setup was used, which has been de-

scribed elsewhere (5). The µ-probe (Figure 1a) 
consists of an aluminium base body which is 
coupled to the transfer line. The essential part 
of the µ-probe is a small stainless steel capillary 
(ID 0.2 mm / OD 0.4 mm), which is connected 
to the transfer capillary using a capillary union. 
The µ-probe capillary sticks out of the base body 
by approximately 4 mm and is thereby indirectly 
heated up to 120 °C at the cone of the capillary 
by the full heated sampling system. For sampling 
of  the roast gases at the surface of a single cof-
fee bean, the bean was placed in a 2 ml glass 
flask, which was attached to the µ-probe (Figure 
1a-left). For measurements of roast gases inside 
a single coffee bean a Ø 1 mm hole was drilled 
approximately 5 mm deep into the beans (Figure 
1a-right). For the simulation of the roast process 
a hot air gun was used and the temperature was 
controlled by a mantle thermocouple. In this stu-
dy green Coffea arabica beans from Bolivia and 
green Coffea canephora beans from India (both 
in organic quality) were used. Four replicates 
were measured for each experiment. 

For the detection of VOC/SVOC a REMPI-TOFMS 
was taken (Figure 1b). A frequency-tripled (355 
nm) Nd-YAG laser (Continuum, Santa Clara, CA, 
USA, repetition rate 10 Hz, pulse width 5 ns) 89 % 
of the 355 nm output is guided by a beam splitter 

On-line coffee roast monitoring of a single coffee bean with resonance 
enhanced multiphoton ionization

Figure 1: a) Overview of the 
roast gas sampling setup for 
µ-probe measurements insi-
de or in the vicinity (outside) 
of a single coffee bean. b) 
Scheme of the REMPI-TOFMS. 
c) 3D representation of VOC/
SVOC time intensity profiles 
sampled inside a single 
Robusta coffee bean and 
REMPI-TOF mass spectrum 
measured inside of single 
Arabica bean (d) or inside a 
single Robusta bean (e). 



27

to an optical parametric oscillator (OPO, VISIR 2 
+ SHG, GWU-Lasertechnik GmbH, Erftstadt, Ger-
many). By doubling the OPO output UV pulses 
are generated for REMPI. Here, the wavelength 
of 248 nm is chosen, because it is well-suited 
for detection of aromatic compounds. The laser 
beam is focused underneath the inlet needle in 
the ion source of the mass spectrometer, where it 
crosses the effusive molecular beam of the evol-
ved roast gases. The generated molecular ions 
are extracted into the flight tube of a reflectron 
TOFMS (Kaesdorf Instrumente für Forschung und 
Industrie, Munich, Germany). The resulting mass 
spectra (10 Hz) are recorded by two PC cards (Ac-
quiris, Agilent Technologies, Basel, Switzerland, 
250 MHz, 1 GS/s, 128 kb). Data recording and pro-
cessing is performed by a purpose-written Lab-
View (National Instruments, Austin, Texas, USA) 
based software programme.

Results

In Figure 1c/d/e REMPI-TOFMS data for Arabica 
and Robusta sampled via the µ-probe from in-
side the bean are shown. The three-dimensional 
plot (Figure 1c) depicts an overview on exemplary 
single bean roasting results for a Robusta bean. 
In general the time-intensity profiles are domi-
nated by the masses m/z 150 and m/z 194, which 
can be predominately assigned to 4-vinylguai-
acol and caffeine, respectively. Regarding the 
mass spectra of Arabica (Figure 1d) and Robusta 
(Figure 1e), the latter exhibits a higher content 

of these components, which is corresponding to 
the literature (4). Furthermore, a striking and 
consistent difference between measurements on 
Robusta and Arabica is the occurrence of mas-
ses above m/z 200 for Arabica beans. In Robusta 
masses above m/z 200 are nearly absent. 

With the new sampling method in combinati-
on with REMPI-TOFMS we could show that the 
postulated degradation pathway of caffeoyl qui-
nic acid (6) (Figure 2a) can be confirmed by mo-
nitoring its time-formation profiles (Figure 2b). 
Corresponding to the degradation steps (I, II, 
III, IV) out of the reaction pathway the time-for-
mation profiles show their formation maxima at 
different roasting times. Vinylcatechol (II) shows 
the earliest maximum and methlycatechol has 
the latest maximum (IV), whereas the compo-
nents catechol (III) and ethylcatechol (III) exhibit 
a formation maxima in between. 

Time-formation profiles of selected compounds 
inside and outside the coffee bean provide 
unique insights into the permeability of the be-
ans’ structure. Averaged time-intensity profiles 
for each compound from inside and outside the 
bean have been superimposed and normalised 
to the same maximum intensity. In Figure 2c the 
results for the components m/z 110 (dihydroxy-
benzenes, methylfurfural) and m/z 124 (guaiacol) 
are presented. Whereas for m/z 110 the maxima 
in the time-intensity profiles from inside the 
bean shows an earlier formation than outside 
the bean, the time-intensity profiles of m/z 124 
do not show a time-shift between their formati-
on maxima. Obviously the generated volatiles in 
the interiors’ structure of the coffee bean require 
some finite time for the diffusion to the surface 
of the coffee bean. 
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Figure 2: a) Chemical reaction/degradation pathways of 
caffeoyl quinic acid(6) during coffee roasting. b) Corresponding 
time–intensity profiles (base line corrected) of selected VOCs 
monitored from a single Robusta bean sampled in the vicinity 
of a bean with the μ- probe REMPI-TOFMS. c) Roasting profiles 
of two VOCs (including the standard derivation) with are either 
rather similar (right) or show different (left) release characteri-
stics from inside and outside of a Robusta beans. 
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The Joint mass spectrometry Centre (JMSC) has 
further extended their core capacities in mass 
spectrometry (MS). After the successful imple-
mentation of a fourier transform ion cyclotron 
resonance mass spectrometry (FTICRMS) in 2011 
at the JMSC facilities at the University of Rostock 
(UR) also the JMSC facilities at the Helmholtz 
Zentrum in Munich (HMGU) were upgraded in 
2012 with high resolution and high accuracy 
MS instrumentation. Unlike FTICRMS the new 
high resolution time-of-flight systems (HRT) 
are designed for the hyphenation of fast chro-
matography systems and were operated in close 
cooperation with LECO. A first application dri-
ven pilot study combines the benefits from both 
techniques and integrates already well-establis-
hed two-dimensional gas chromatography with 
the merits of high resolution and accurate mass 
spectrometry. The forensic study was focused 
on identification of impurities to characterize 
the illicit manufacturing process of heroin. 

Introduction:

The illicit manufac-
turing processes for 
heroin are only va-
guely described in the 
literature. During the 
isolation of morphine 
also other main and 
minor alkaloids pre-
sent in opium poppy 
are extracted, and the 
subsequent chemical 
conversion of mor-
phine to the corres-
ponding diacetylmor-
phine (heroin) leads 
to the formation of 
various by-products. 
These minor and trace 
compounds present in 
illicit heroin genera-
te a specific impurity 
profile of each batch 
and manufacturing 
process. In a proof 
of concept study we already demonstrated the 
applicability of two-dimensional gas chromato-
graphy coupled to time-of-flight mass spectro-

metry (GC×GC-TOFMS) for the analysis of illicit 
heroin samples. GC×GC-TOFMS benefits from its 
very high chromatographic resolution combined 
with the high sensitivity and the selectivity of the 
mass spectrometric detection. However, common 
GCxGC-MS instrumentation is based provided 
only unit mass resolution. Identification of com-
pounds is mainly done by comparison of the frag-
mentation pattern generated by electron ioniza-
tion, to mass spectral libraries. An independent 
interpretation of the spectra’s is very elaborate 
and time consuming. A major step forward is the 
implementation of high resolution spectrometry 
to allow the elucidation of the elemental compo-
sition based on the accurate mass and the iso-
topic pattern. Two gain high and accurate mass 
information about the spectra as well as the mo-
lecular ion two complementary HR Techniques 
were further applied and hyphenated to gas chro-
matography. For the acquisition of HR fragmen-
tation pattern the samples were also analyzed by 
recently introduced gas chromatography coupled 
to high resolution time-of-flight mass spectro-
meter system (GC-HRT) which provided a mass 
resolution up to 50.000 and a mass accuracy bet-

Integration of two-dimensional gas chromatography and high- 
resolution mass spectrometry for the characterization of the heroin  
manufacturing process: a combined complementary approach.

Figure 1: Acquired mass spectra of N-Acetylnornarcotine (left) and 3,6-Dimethoxy-4-ace-
toxy-5-(2-(N-methylacetamido)) ethylphenanthrene (right) acquired with (EI)-TOFMS (upper 
part), (EI)-HRTOFMS (middle part) and APCI-FTICRMS (lower part)
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ter than 1 ppm with an acquisition rate of up to 
200 Hz. The absence of an observable molecular 
ion for some compounds is the major drawback 
of electron impact ionization (EI). Therefore, the 
second approach was focused on the generation 
of molecular ions. For the presented work, a gas 
chromatograph was coupled to a Fourier trans-
form ion cyclotron resonance mass spectrometer 
(FTICRMS) using APCI as interface. The ultrahigh 
mass resolution provided by FTICRMS systems 
combined with the chromatographic separation 
(GC) and the soft ionization (APCI) is an efficient 
tool for the characterization of a sample and the 
elucidation of the elemental composition based 
on the observed molecular ion. The combination 
of GC×GC and GC hyphenated to high-resoluti-
on mass spectrometry was used in this study to 
characterize the acidic and neutral impurities in 
samples taken from the different steps during an 
authentic heroin manufacturing process to obtain 
basic information about the composition and ori-
gin of the impurities resulting from such a cont-
rolled synthesis.

Experimental & Results:

Samples from a documented authentic heroin 
manufacturing in Afghanistan were kindly pro-
vided by the Bundeskriminalamt. Samples were 
collected at all stages of the manufacturing pro-
cess, starting from raw opium. As intermediates 
and final products the morphine base, the heroin 
base (brown), the heroin base (white) and the 
heroin hydrochloride were collected. Extracti-
on was done according to the guidelines of the 
heroin analysis program. The extracts of raw 
opium were additionally treated with trimethyl-
silyldiazomethane (TMSD) prior to analysis for 
methylation of the fatty acids. The samples were 
subsequently analyzed by GCxGC-(EI)TOFMS, 
GC-(EI)-HRTOFMS and GC-(APCI)FTICRMS. In the 
first step known compounds were identified ba-
sed on their EI mass spectra which were com-
pared to mass spectral libraries. Mass spectral 
hits were furthermore verified using the accurate 
molecular mass information from the FTICRMS 
measurement, the relative retention time and 
manual comparison of the EI fragmentation pat-
tern. Chromatographic comparison of the impuri-
ties of the heroin extract and the acetylated alka-
loid standards were used to determine the origin 
of unknown impurities and to reveal the basic 
molecular structure of the unknowns. In a next 
step, the elemental composition was obtained 
based on the accurate molecular weight measu-
red by FTICRMS. The potential elements used for 
formula generation were restricted to CHNO. Cal-
culated sum formulas were verified manually by 
comparison of the theoretical and the observed 
isotopic pattern caused by natural occurring 13C, 
15N and 18O isotopes. Major EI fragments were 

studied using GC-EI-HRT to distinguish isomers 
and detected compounds were also compared to 
compounds described in the literature.

No significant qualitative differences between 
the different batches of raw opium could be ob-
served with respect to the entire impurity profi-
le. With respect to the opium alkaloids only pa-
paverine, papaveraldine, narcotine and narceine 
were still detectable in the morphine base and 
the brown heroin base. Impurities of the brown 
heroin result mainly from the acetylation step 
during manufacturing. Amongst them the 18 tar-
get compounds were present. Other compounds 
that could be of potential interest with respect 
to profiling of heroin were investigated in more 
detail within this study by application of high 
resolution mass spectrometry. As expected only 
very few compounds could be detected in the 
purified white heroin base and the heroin hy-
drochloride. The white heroin base is commonly 
not available on the illicit market; therefore in 
the following the focus was set on the brown 
heroin base. Twelve compounds, amongst them 
four opium alkaloids, were found to be direct-
ly derived from the used raw opium; they were 
preserved unaltered through the manufacturing 
process. For 21 acetylated derivatives, the origi-
nal alkaloid was known or could be determined 
during this study providing basic information on 
the impurities’ origin. Some of the reported unk-
nown compounds were found to be present in 
moderate or high abundance (e.g. UNK254(3)) in 
the brown heroin base. These compounds can be 
useful for an enhanced characterization of seized 
illicit heroin samples. Provided that they can be 
frequently found in illicit heroin seizures, these 
compounds may then be considered for profiling 
of heroin. For elucidation of the elemental com-
position of unknown compounds, GC hyphenated 
to high resolution mass spectrometry was used. 
GC-(EI)HRTOFMS provided accurate masses that 
enabled the generation of sum formulas of major 
peaks in the mass spectra. Due to the frequent 
absence of an observable molecular ion using 
EI ionization the elucidation of the elemental 
composition of the molecule was often preven-
ted. FTICRMS provided ultrahigh mass resoluti-
on and in combination with APCI it provided the 
accurate molecular mass for elucidation of the 
elemental composition of most of the unknown 
compounds investigated during this study.
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The objective of this study was to establish and 
evaluate an off-line method based on need-
le trap micro extraction and comprehensive 
two-dimensional gas chromatography – time 
of-flight mass spectrometry that is applicable to 
an on-line proton-transfer reaction - quadrupole 
mass spectrometry approach for the monitoring 
of rapid changes in breath profiles. Once appro-
ved and evaluated, it holds great promise for the 
screening of volatile organic compounds origina-
ted from metabolic stress. In combination with 
proton-transfer reaction - mass spectrometry 
it has diagnostic potential for the monitoring of 
early breath biomarkers.

Introduction

Analysis of metabolites in body fluids is of great 
interest for monitoring the human metabolism 
and health state. Breath analysis offers potential 
advantages for the medical diagnosis of diseases 
over urine or blood analysis including that bre-
ath testing is non-invasive and painless [1]. Many 
studies are focused on screening human breath 
samples to identify unique biomarkers and to 
classify volatile organic compounds (VOCs) into 
endogenous/ exogenous substances [2]. However, 
in most cases diagnostic applications require the 
detection of a large pattern of breath gas biomar-
kers rather than unique biomarker compounds. 
This renders analytical techniques with a power-
ful molecular profiling capability such as compre-
hensive two-dimensional gas chromatography – 
time-of-flight mass spectrometry (GCxGC-TOFMS) 
to be in particular useful [3]. Another diagnostic 
approach is to follow the change in the concentra-
tion of target VOCs in breath as in pharmacokinetic 
studies [4] or metabolic tracer tests. Here, on-line 
real-time analysis based on direct inlet and soft 
ionization mass spectrometric approaches inclu-
ding proton-transfer reaction - mass spectrome-
try (PTR-MS, [4]) are of interest. Identical results 
determined by breath gas analysis and blood 
measurements in studies of volatile biomarkers in 
diabetes research demonstrated the feasibility of 
the analysis of exhaled breath to separate Type 2 
diabetics from healthy individuals. Halbritter et al. 
[5] applied successfully on-line breath gas analy-
sis by proton-transfer reaction - quadrupole mass 
spectrometry (PTR-Quad-MS) for the screening of 
gestational diabetes mellitus (GDM). The breath 

gas data correlated with GDM diagnosis, but the 
compounds could not be identified.

The off-line analysis of exhaled breath is, due to 
the high relative humidity (RH), quite challenging 
and requires a sophisticated adaption of the me-
thod to the particular sampling situation. Off-line 
GCxGC-TOFMS analysis of human breath gas has 
been applied in combination with pre-concent-
ration techniques such as needle trap micro ext-
raction (NTME) [3]. The implementation of NTME 
with gas chromatography - mass spectrometry 
(GC-MS) has been proven to be a powerful tool 
for the identification and quantification of VOCs in 
breath gas by direct sampling [3]. To benefit from 
highly sensitive and highly selective off-line ana-
lytical methods and highly time-resolved on-line 
methodology the simultaneous application and 
the comparison of the results is a promising step.

Therefore, an analytical method for the off-line 
time-resolved analysis of breath gas which com-
plies with the restrictions during a parallel on-
line PTR-Quad-MS sampling was developed and 
evaluated. The combined off- and on-line ana-
lysis of breath gas was utilized during an oral 
glucose tolerance test (OGTT) as a metabolic 
stress situation for the future identification of a 
metabolic pattern that can be linked to an early 
state of a metabolic disorder caused by diseases 
such as diabetes. 

Results and discussion

For chromatographic separation a polar thick 
film capillary column (BPX-Volatiles) was used 
in the first dimension to have a slight separation 
of the analytes by polarity and boiling point. On 
the second dimension capillary column (Rtx-200) 
the intermediate polar analytes that display lone 
pair electrons such as acetone are separated. 
Using this column combination a good separati-
on of water and CO2, column bleed and the ana-
lytes was obtained.

Figure 1 shows a part of a total ion chromatogram 
of a GCxGC-TOFMS run of a breath sample taken 
in the fasting status prior to the glucose-intake 
as first demonstration results. The indicated pre-
dominantly detected highly volatile organic com-
pounds are listed in Table 1. For comparative rea-
sons, relative values related to the fasting value 
have been considered for further investigations.

During simultaneous measurements by PTR-

Comprehensive breath gas analysis using needle trap micro extracti-
on and two-dimensional gas chromatography for simultaneous pro-
ton-transfer reaction – mass spectrometry
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Quad-MS and NTME–GCxGC-TOFMS representa-
tive end-tidal concentration profiles over time of 
ethanol were obtained by NTME-GCxGC-TOFMS 
(a) and m/z signal 47 (protonated molecule mass 
of ethanol or isobaric compounds) by PTR-MS (b) 
(shown in Figure 2). Similar time profiles were 
obtained for ethanol by both methods. Directly 
after administration of the glucose solution et-
hanol concentration increased dramatically due 
to the alcohol content of the OGTT solution (0.01-
0.06 Vol.-%), turned around and plunged during 
the first 10 minutes. Afterwards, exhaled etha-

nol levels rose considerably, peaking between 
20 and 30 minutes and dropped rapidly. Similar 
gradient were also observed in other studies due 
to alcoholic fermentation of glucose by gut bac-
teria and yeast and following diffusiveness into 
the respiratory system. NTME-GCxGC-TOFMS re-
sults for ethanol were comparable to PTR-Quad-
MS results for m/z signal 47. Higher relative ch-
anges in ethanol concentrations were observed 
by NTME-GCxGC-TOFMS than for m/z signal 47 by 
PTR-Quad-MS potentially resulting from interfe-
rences by means of PTR-Quad-MS.

This could include fragmentation processes of 
ethanol and the formation of ethanol clusters re-
sulting in more than one signal for ethanol and 
therefore in a reduced signal for m/z=47. Further-
more, the discrimination of isobaric compounds 
due to unit mass resolution by PTR-Quad-MS 
may have an influence on the results. Therefore, 
time-resolved NTME-GCxGC-TOFMS is a potential 
tool for the evaluation of targets with dynamic 
profile changes detected by PTR-Quad-MS.

In conclusion, time-resolved off-line NT-
ME-GCxGC-TOFMS and clinically approved on-
line PTR-MS is a powerful combination for the 
monitoring of potential target compounds. In fol-
low-up studies combined off- and on-line breath 
gas analysis is applied for the future identificati-
on of early biomarkers.
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Figure 1: Part of a GCxGC-TOFMS total ion chromatogram of a 
breath sample taken in the fasting status. For peak assignment 
refer to Table 1

Figure 2: Breath ethanol 
profile by NTME-GCxGC-TOF-
MS (a) and the profile of m/z 
signal 47 by PTR-Quad-MS 
(b) during an OGTT by simul-
taneously measurements
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It is assumed that polycyclic aromatic hydrocar-
bons (PAHs) are responsible for the effects cau-
sed by DEP, regardless of the nature of the par-
ticles, due to the production of reactive organic 
species (ROS) induced by PAHs

In January 2012, a project based on two bachelor 
theses for the development of a new method for 
the determination of PAHs and their metabolites 
in human blood was started. The method will 
be based on the thermal extraction of the PAHs 
from a 1 μl blood sample, using a lancing device 
for capillary blood sampling and a 1 μl disposal 
capillary pipette.

Introduction

Airborne particulates and gases related to human 
activities, or ambient air pollution, are important 
environmental issues that affect human health. 
In recent years, epidemiological studies have 
demonstrated an association between exposure 
to roadside emissions and increased symptoms 
of asthma and allergic rhinoconjunctivitis [1]. 
Major components of inhaled particles less than 
2.5 μm in size are diesel exhaust particles (DEPs) 
and their associated organic compounds, such 
as polycyclic aromatic hydrocarbons (PAHs). Ex-
perimental and clinical evidences indicate that 
DEPs can exacerbate allergic immune responses 
[2] and increase total immunoglobulin IgE in the 
human upper airway in vivo following intranasal 
challenge [3]. Less attention has been attributed 
so far to the involvement of organic compounds 
of diesel emissions in IgE-mediated allergic in-
flammation at the level of mediator cells. De-
vouassoux and coworkers demonstrated sponta-
neous histamine release from and enhanced IL-4 
production in basophils of allergic and nonaller-
gic subjects exposed to DEP extracts [4]. Recent 
data provide evidence that DEP-associated PAHs 
may account for basophil activation and enhan-
ced IL-4 production in response to crosslinking 
the high-affinity IgE receptor [5]. Phenanthrene 
(Phe) is a main component of environmental 
polycyclic aromatic hydrocarbons (PAHs) and 
occurs in various ambient sources, like particu-
late matter formed from diesel emissions and 
tobacco smoke, as well as in foodstuffs. Since its 
metabolites are excreted in large quantities in 
the urine, Phe is of high diagnostic value in the 
biomonitoring of occupational and epidemiolo-

gical PAH exposure situations. Furher, Phe is a 
known substrate for cytochromes P450 (CYPs). 
However, the multiple and overlapping species 
of CYPs cover the role of individual isoforms in 
PAH metabolism. Whole blood elimination stu-
dies may help to elucidate the role of individual 
CYPs. Unfortunately, up to now, the quantificati-
on of Phe in (human) blood is a time consuming 
complex and costly issue and due to the required 
volume (> 1 ml) needs the help of a physician. 

The new developed method is based on the di-
rect thermal extraction of Phen from human 
blood samples (1µl) using a lancing device for 
capillary blood sampling and a 1 µl disposal ca-
pillary pipette. This enables an easy, fast and low 
invasive sampling without the help of a physici-
an and opens the way for animal studies whe-
re sample amounts of > 1 ml may be lethal. As 
further sample preparation, the blood sample is 
transferred onto a stripe of a quartz fiber filter 
and placed in a thermal desorption tube. Before 
sealing of the tube, an additional 1 µl disposal 
pipette, containing an internal standard soluti-
on of Phenanthrene D10 (1 ng/µl) is added to the 
tube. For the quantification, the ion intensities of 
m/z 178 (Phenanthrene) and 188 (Phenanthrene 
D10) were measured by GC-MS (PolarisQ, Ther-
mo Scientific). Fig. 1 exhibits the calibration cur-
ves of pure Phenanthrene as well as spiked ma-
trix (human blood) samples. The recovery of the 
phenanthrene in human blood can be calculated 
by the two slopes of the calibration curves and 
results to about 95 %.

The precision of the method was determined by 
two series with n=10 samples at the lower (0.05 
ng/µl) and upper (0.2 ng/µl) end of the calibrati-
on curve as well as a human blood sample. The 

Diesel Exhaust Particles (DEP) are Involved in the Formation and 
Strengthening of Allergic Diseases

Figure 1: Calibration curves 
of pure Phenanthrene 
and spiked human blood 
samples (matrix).
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calculated standard deviations are based on the 
respective area ratios (APhen/AISTD) and result 
to 10 and 11 % respectively for the calibrati-
on standards and to 10 % for the human blood 
sample. For the day to day variability, 12 samples 
at a concentration of 0.01 ng/µl were prepared 
ant measured on three consecutive days. The 
standard deviations from the day to day analyses 
did not differ significantly from those of the in-
dividual days series (n=4) and were below 10 %.

For a human monitoring study, the phenanthre-
ne blood concentrations of a 22 years old male 
volunteer were measured over 24 and 48 hours.

The first series (24 h) started at 9 pm. Blood 
samples (duplicates) were taken every 3 h. As 
expected, the morning value at 6 am is quite low 
(compared to the night concentration) since Phen 
was depleted overnight. After the first coffee at 
around 8:30 the Phen concentration rises and 
reaches its maximum after lunch at 11:30. The 
second peak can be observed at 6 pm, directly 
after dinner (see Fig. 2).

In the second series over 48 h (duplicate samples 
every 4 h), the course of the Phen concentration 
is not varying significantly over the time. This is 
mainly due to the different eating behavior du-
ring this test period. During the first test-period, 
two distinct meals were taken by the volunteer. 
In different, during the second test-period, be-
sides lunch and dinner, meals were taken more 

frequently, distributed over the whole day. 

In conclusion, the new developed method, based 
on thermal extraction GC-MS is a highly sensi-
tive and precise method for the determination 
of Phenanthrene in human blood samples. It 
overcomes the time consuming and error pro-
ne sample preparation of standard PAH analysis 
of blood samples as well as the restrictions in 
sampling of blood by a medical doctor, due to 
the restriction to 1 µl blood and the use of sel-
ve lancing devices for capillary blood sampling. 
Future work will open the method to additional 
analytes.
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Introduction and objective

Aerosols of Semi-Volatile Organic Compound 
(SVOC) origin represent a big challenge to in-
dustrial hygienists with respect to toxicological 
and sampling issues. Sampling hazardous se-
mi-volatiles at the workplace is problematic as 
they may appear in both particulate and gaseous 
phase. More attention has to be given therefore 
to the dynamics of aerosol systems as the par-
ticle-vapor fractionation may be considerably 
dependent on sampling conditions.

A project was carried out to address the issue of 
semi-volatile aerosol particle evaporation both 
theoretically and experimentally and to provide 
experimental data to show the extent of evapo-
ration losses that might bias the workplace risk 
assessment.

Materials and Methods

Aerosols of several SVOC substances (C14 up to 
C20 n-alkanes) and particle diameters (0.5 to 4 
µm) were generated, diluted with particle free 
dry nitrogen and monitored for particle evapo-
ration losses. The aerosols were quantified 
using an “on-line” method as well as “off-line” 
methods that are usually used for workplace 
sampling. The on-line approach for SVOC aero-
sols was to account for the total mass (TM) with a 
flame ionization detector (FID) preceded by a he-
ated transfer line (180°C). The Particle mass (PM) 

was calculated from particle diameter measured 
by an optical particle sizer, while vapor mass 
(VM) was calculated as the difference between 
measured total and particulate mass (VM=TM-
PM). As off-line systems, two types of workplace 
filter- / adsorber-samplers were tested throug-
hout the project. The first type (GGP) was used at 
a flow rate of 3.5 l/min and consisted of a 37 mm 
glass fiber filter for the separation of the partic-
le phase and a 3 g XAD2 adsorber cartridge for 
the quantification of the remaining vapors. The 
second type (GGP-mini) was operated at a flow 
of 0.33 l/min and comprised of a 12 mm glass fi-
ber filter to trap particles and 1 g of activated 
charcoal for vapor adsorption. To study SVOC 
particle evaporation an experimental apparatus 
comprising of a Sinclair-LaMer aerosol genera-
tor, a flow tube and the above mentioned aerosol 
sampling system was set up inside a tempera-
ture controlled chamber. Particle evaporation in 
the flow tube was assessed by measuring the 
particles’ diameter at two different flow tube 
positions representing 1 second and 4 seconds 
of residence time. The flow tube evaporation re-
sults were compared to a theoretical computer 
model. Parallel measurements using the on-line 
and off-line methods were conducted to quantify 
for the amount of PM evaporated from filters du-
ring the sampling process.

Results

Figure 1 exemplifies the modifications in partic-
le size distribution (PSD) driven by evaporation. 
The solid lines represent the measured PSD at 

Aerosol Samplers and Semi-Volatile Organic Compound Aerosols:  
Particle Evaporation and Implications for Workplace Risk Assessment

Figure 1: Comparison of par-
ticle size distributions mea-
sured at 1s (solid line) and 
4s (dashed line) sampling 
points for Tetradecane (a), 
Hexadecane (b), Octadecane 
(c) and Eicosane (d)
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about 1 second of residence time after the mixing 
region while the dotted lines show the measured 
PSD after additional three seconds of residence 
time. Flow tube measurements have shown that 
SVOC droplets can evaporate completely within 3 
seconds as is the case for tetradecane or remain 
unchanged (octadecane), depending on substan-
ce volatility, vapor saturation degree, particle 
diameter and sampling temperature.

The experimental results correlate well with the 
numerical simulations (Figure 2). After 4s stabi-
lization time, the relative deviation between nu-
merical and experimental PM is less than 35% 
for all data sets. The experimental and model 
data were found to be in a good agreement for 
the flow tube experiments with less than 20% 
deviation for 80% of the data points.

Comparisons between the on-line method (Fig. 
3, red columns) and the off-line method (Fig. 4, 
blue columns) have shows similar results for both 
methods with respect to TM. However the off-
line method tended to lose a significant amount 
of particle mass due to evaporation, especially 
for more volatile compounds and small particles.

Conclusions

Our results show that the off-line method can be 
biased for SVOC particle measurement, but also 
that droplet evaporation can be predicted with 
good accuracy. The only comparable result that 
was independent of the sampling method is for 
TM. The off-line method systematically returns 
lower PM and higher VM values, a clear indi-
cation for particle evaporation loss. This effect 
is also expected to influence the workplace risk 
assessment; sampling using filters only can si-
gnificantly underestimate the real aerosol con-
centration in the workplace.

The Commission for the Investigation of Health 
Hazards of Chemical Compounds in the Work 
Area (MAK commission) in Germany already took 
notice of the projects’ results. It introduced a 
new chapter concerning semi-volatile substan-
ces into the “List of MAK and BAT Values 2013” 
and marked 58 substances to potentially exist as 
particulate/vapor mixtures.

Funding and Cooperation: The project was fun-
ded by the German Statutory Accident Insuran-
ce (Deutsche Gesetzliche Unfallversicherung – 
DGUV), research grant FP 299

Figure 2: Model-experiment relative deviation (dp-particle 
diameter; PM-particle mass) after 4 s stabilisation time.Partic-
le diameters (1 … 2 µm) are shape-coded, particle substances 
(C14-C20) colour coded

Figure 3: Comparison between on-line and off-line data for 
hexadecane droplets: 1 µm (left) and 2 µm (right)



36

M. Fischer (UR/HMGU), S. Wohlfahrt (UR/HMGU), 
M.-R. Saraji-Bozorgzad (Photonion GmbH), G. 
Matuschek (HMGU), T. Denner (Netzsch-Geräte-
bau GmbH), R. Zimmermann (UR/HMGU)

The objective of the project is the development of 
a Thermal Analysis (TA) instrument, coupled to 
a fast-GC and Time-of-Flight mass spectrometer 
(TOFMS)

1. Applying TG-SPI-TOFMS to natural samples

The hyphenation of simultaneous thermogra-
vimetry (TG) to single photon ionization time-
of-flight mass spectrometry (SPI-TOFMS) for 
evolved gas analysis (EGA) is a thermal analysis 
technique for comprehensive characterization of 
thermal processes in carbonaceous materials. 
In addition to the complete thermal informati-
on from the TG, detailed chemical information 
can be extracted from the corresponding mass 
spectra[1]. The SPI mass spectra, in turn, are 
dominated by the molecular ions of the evolved 
gases, due to the soft character of this ionization 
technique. Natural sample releases a consider-
ably amount of organic compounds during its 
thermal decomposition.

Discrimination different types of coffee

Coffee is one of the largest traded foods world-
wide, with the dominant species being Coffea 
arabica (Arabica) and Coffea canephora (Robus-
ta). Thus research on quality and optimization of 
the industrial processes is of great commercial 
interest. Roasting experiments were done la-
boratory -based on the micro scale using single 
beans in TG-SPI-TOFMS.

Analyzing the time-resolved SPI-mass spec-
trometric signature contour plots of the tem-
perature resolved mass spectra of the roasting 
process in Fig. 1, some differences between the 
two coffee species are remarkable. At 20 min the 
signals at m/z 296 and 298 are dominant. These 
signals can be assigned to diterpene lipids anhy-
drous cafestol (m/z 298) and anhydrous kahweol 
(m/z 296). The difference between arabica (B) 
and robusta (D) during isothermal treatment are 
obvious and as Hertz-Schünemann et al. descri-
be in “good accordance to the literature”; there 
is no anhydrous kahweol in the Robusta cultivar. 
Further experiments revealed the possibility of 
detecting Kahweol as a characteristic of the Ara-
bica coffee also in powders and blends (roasted 
and grinded).

2. Rapid comprehensive characterization of 
crude oils by thermogravimetry coupled to fast 
modulated gas chromatography–single photon 
ionization time-of-flight mass spectrometry[2]

In this study, two crude oils from different ori-
gins have been investigated. In contrast to the 
previous described applications (coffee), a rapid 
chromatographic separation step has been in-
cluded in to the TG-SPI-MS setup (Fig. 2) to re-
sult in TGxGC-SPI-MS. With this approach, fast 
isothermal GC separations with a cycle time of, 
typically, 30 s can be achieved. The eluted sub-
stances are subsequently analyzed by SPI-MS, 
leading to a comprehensive two-dimensional 
detection method (GC×SPI–MS).

Two distinct phases are clearly distinguishable 
for the Turkish oil. Starting from 40 °C to appro-
ximately 375 °C steady evaporation of the more 
volatile substances of this crude oil occurs. With 
rising temperature the mass/charge ratios of the 
evolved compounds also increase, so that a dia-
gonal course of the pattern is observable (Fig. 3, 
red line on the left). The Greek oil undergoes a 
large mass loss over a relatively long period that 
results in a broad DTG peak from the beginning 
whereas the Turkish crude has only an intense 
peak on the DTG curve starting at approximately 
100 °C, which can be partially ascribed to water, 
and a less pronounced mass loss with time in this 
phase. At approximately 375 °C pyrolysis and, 
thus, decomposition of heavier and less volati-
le components, starts; it ends at approximately 
500 °C. Unlike the first phase, within the whole 
pyrolysis step the mass/charge distribution stays 
equal and does not rise with temperature, thus a 
vertical pattern is visible (Fig. 3, red line on the 
right). The second phase is much more distinct 
for the Turkish oil than for the Greek oil. 

The inability to distinguish between isobaric 
and isomeric compounds was the main reason 
for enhancing the previous described TG-SPI-MS 
system. The additional GC step enables the pos-
sibility due to chromatographic separation prior 
to the MS detection. Two-dimensional plots of 
the observed GC peaks as a function of retention 
time and TG temperature for individual nominal 
m/z signals are depicted in Fig. 4.

Outlook of the project: More information will be 
achieved with ongoing development of the sys-
tems. The aim is to gain more resolution by addi-
tional, more sophisticated separation steps and 
high resolution mass spectrometry.

New Technology for Fast Multidimensional Chemical Analysis  
of Thermal Processes
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Fig. 1 Results of the simulated roasting process of a single 
Arabica coffee bean (left column) and an individual Robusta 
(right column) coffee bean. The extracted mass traces of the 
anhydrous diterpenes kahweol m/z 296 and cafestol m/z 298 
as well as the mass spectra B and D after 20 minutes allow 
discrimination between Arabica and Robusta coffee. The mass 
spectra at 245 °C (A, C) reveal different composition ratios.

Fig. 2 Schematic diagram of setup of the TG–GC×SPI–MS device 
with thermobalance, GC×GC device including liquid CO2 modu-
lator, EBEL VUV source, and TOF mass spectrometer

Fig. 3 Two-dimensional plots (m/z signal in relation to TG temperature) for a 
Turkish and b Greek crude oil from TG–GC×SPI–MS (upper part). The respective 
TG/DTG curves (solid blue line/dashed green line) are depicted in the lower part

Fig. 4 Two-dimensional plots with dependence of retention times (s) on TG 
temperature (°C) for specific m/z signals from the “m/z 212±n×14” homologous 
series: a m/z 128, b m/z 142, c m/z 156, d m/z 170. The plots clearly confirm the 
occurrence of isobaric peaks. The figure illustrates the behavior of m/z 128, 
which is known to represent n-nonane and naphthalene.
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Abstract: Due to high mass accuracy and high re-
solving power at the mass-to-charge dimension, 
high resolution mass spectrometry enables the 
chemical characterization of complex mixtures 
at the molecular level in terms of sum formula 
assignment. Laser-desorption-ionization as io-
nization technique offers several benefits such 
as rapid spectra generation and the capability of 
measuring solid samples directly without samp-
le treatment. Nevertheless ionization parameter 
such as laser energy, spot size and shot num-
ber have to be carefully adjusted to avoid frag-
mentation and aggregation. It was shown that 
laser-desorption-ionization in the positive ion 
mode coupled to high resolution mass spectro-
metry can be a useful tool for the characteriza-
tion of combustion aerosol as well as heavy fuel 
oil and is highly selective for high aromatic spe-
cies with low heteroatom number.

Negative effects on the health caused by com-
bustion aerosols are known for a long time. 
One of the most underestimated sources refers 
to ship diesel emissions [1], [2]. The chemical 
composition of ship diesel combustion aerosol 
is poorly investigated. Due to the extreme high 
complexity of combustion aerosols high reso-
lution mass spectrometry (HR-MS) using la-
ser-desorption-ionization (LDI) is one promising 
tool for revealing components with the same no-
minal molecular mass and assigning molecular 
sum formulas. As a result of the high aromatic 
content of heavy fuels used for ship diesel engi-
nes, the LDI is a favorable ionization technique 
cause of its selectivity for these compounds. The 
sensitive detection of a variety of alkylated nitro-
gen-containing aromatic compounds in fuel, 
such as carbazole- or acridine-derivatives, was 
recently shown by Cho et al. [3], [4].

The samples were taken during a measure-
ment campaign at the Faculty of Mechanical En-
gineering and Marine Technology at University 
Rostock. The experiments were performed at a 
four-stroke one cylinder ship diesel engine with 
three liter cylinder capacity driven with heavy 
fuel oil (HFO). Particles were collected by impac-
tion on stainless steel foils. Additionally, quartz 
fiber filters were taken and subsequently extrac-
ted with dichloromethane DCM/MeOH (1:1) three 
times using a supersonic bath. The extracts were 

filtered by a 0.2 μm PTFE-filter and flushed with 
DCM/MeOH (1:1).

The measurements were carried out by a solariX 
Fourier-transform-ion-cyclotron-resonance (FT-
ICR) mass spectrometer (Bruker Daltonik GmbH, 
Bremen, Germany) equipped with a 7 Tesla su-
perconducting magnet. The setup was comple-
ted by a self-made MALDI-target to position the 
impactor foils directly in the ion source. The third 
harmonic of a Neodymium-YAG laser (355 nm) 
was applied with moderate laser power of 30 up 
to 60 % and various foci. Mass resolution was set 
to about 300,000 @ m/z = 400. The heavy fuel oil 
(HFO) was diluted with DCM to a concentration of 
about 500 ppm. The filter extracts and impactor 
foils were used without further preparation.

Various modifications in laser desorption ioniza-
tion parameters, such as spot size, laser frequen-
cy and laser energy showed a high influence on 
the mass spectra and observed species. Figure 1 
clearly shows the effect, that less photon density 
leads to weak or no signals, whereas to high laser 
energy leads to aggregation (dimer formation) 
and transformation processes forming species 
with increased double bond equivalent (DBE) and 
decreased hydrogen to carbon ratio (H/C), such 
as pure carbon clusters (e.g. C60 – C72). 

Another important aspect that has to be taken 
into account when applying LDI for direct partic-
le analysis is the non-uniformly spatial distribu-
tion of compounds and variations in sample spot 
height. Figure 2 shows the results of imaging 
experiments for impactor-sampled particulate 
matter. The inhomogeneous distribution of ana-
lyt species is clearly visible. Applying too high 
laser energy results in carbon clusters produced 
from graphite fragments. At lower particle den-
sity at the boundary of the impacted particle 
spots characteristic analyt marker, e.g. alkylated 
PAH, can be found. These effects leads to the re-
sult, that for the directly measurement of parti-
culate matter with LDI the laser energy have to 
be reduced and additionally a larger laser spot 
size have to be chosen to avoid artifacts.

Three sample types, feed fuel (heavy fuel oil), 
particle extracts and impacted particle spots, 
were compared using the basic mass spectro-
metric approach. The mass spectra show seve-
ral thousand distinct peaks, covering a mass-
to-charge interval from about 150 to 700 amu, 

Characterization of ship diesel soot particles using laser-desorption- 
ionization coupled to Fourier-transform-ion-cyclotron-resonance mass 
spectrometry – Comparison of feed fuel, direct particle measurements 
and filter extracts



39

peaking at roughly 400 amu. No significant 
shift between the sample types for the intensi-
ty weighted average mass-to-charge ratio was 
found. Nevertheless the average DBE value shif-
ted from approximately 14 for the feed fuel to 12 
- 13 for the aerosol samples towards lower valu-
es, whereas the average oxygen to carbon ratio 
increased significantly about a factor of two.

Deeper data exploration in high resolution mass 
spectrometry is usually done using Van-Krevelen-
plots, plotting elemental ratio of the assigned 
sum formula, or interpretation of the DBE distri-
bution versus the corresponding carbon number. 
Applying these strategies to the data set reveals 
on the one hand, that the shift in DBE refers to a 
high to the CHS and CHO compounds and on the 
other hand, that besides a general enrichment of 
oxygen and sulphur containing compounds the 
whole distribution shifted and the alkylation dis-
tribution is broadening for the CHO class.

The Venn Plot (fig. 3 a), as a first non-intensi-
ty weighted visualization of the data for further 
statistical purposes, reveal a high percentage of 
shared sum formula between all three samp-
le types as well as between each pair. Never-
theless the direct particle measurements show 
appr. 500 unique species, whereas the extracts 
only exhibit a very small fraction of about 80 
exclusive compounds. The feed fuel reveals over 
1000 unique assigned sum formula, mostly high 
alkylated species from the CH and CHN com-
pound class. For quantitative statistical purposes 
principle component analysis was carried out for 
857 species found in all three sample types. It 
turned out that the three sample types could be 
well separated from each other, either using hi-
erarchical clustering (fig. 3 b) or principle com-
ponent analysis (fig. 3 c), and that the CH- and 
CHN-species mainly cause the partition along 
principle component (PC) 1 and 2.

Founding and Cooperation: We thank the DFG for 
funding of the Bruker SolariX FT-ICR-MS.
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Figure1. laser energy dependency of the laser-desorption-io-
nization at fixed parameter of a 11 compound poly aromatic 
hydrocarbon (PAH) mixture, a) visualization of the influence to 
the mass spectra, 1 - PAH, 2 - aggregation, 3 - carbon cluster, 
b) influence to the total ion count (TIC) and hydrogen to carbon 
ratio (H/C), preferable measurement energy with this settings 
marked in green and error width in grey

Figure2.b) photographical image of the low pressure impactor 
stage 9 (D50% 270 nm) with amplification of the measurement 
region, a) LDI-Imaging of a region of interest from the impac-
tor stage with a lateral resolution of 100 µm, blue – 284.156 ± 
0.002 amu C22H20 (e.g. C4-benz(a)anthracene), red – 719.994 
± 0.01 amu C60 (carbon cluster artefact)

Figure 3. a) Venn-Plot comparison of the three sample types 
- approximately 900 species are shared between all samples 
and can be further used for statistics, b) hierarchical clustering 
analysis (HCA), c) principle component analysis with score (up) 
and loadings (down) plot - compound type color coded, CH – 
blue, CHN – green, CHO – red, CHS – yellow
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Abstract

The particulate emissions from a medium-size 
ship diesel engine operated at constant speed 
with heavy fuel oil (HFO) and diesel fuel (DF) 
under stepwise engine load progression were 
studied. Results showed that the average parti-
culate mass for the whole test cycle is higher in 
HFO by a factor 6 than in DF. The main difference 
between HFO and DF was the significantly higher 
emission of organic matter (OM), sulfate (SO42-), 
and inorganic elements in HFO. Elemental car-
bon (EC) and black carbon (BC), however, did not 
change significantly after switching from HFO to 
DF. For HFO, a higher emission factor was obser-
ved for OM at stable conditions for 25% engine 
load and the lowest for 75% engine load, and 
conversely for DF. OM emission was comparab-
le for both fuels at 75% engine load, while they 
differed more than a factor of 100 at 25% engine 
load. The enhancement of OM with SO42- was 
also load-dependent and significantly dispro-
portionate at 25% load.

Introduction

PM is an important portion of the emissions 
from shipping activities. Aside from its suspec-
ted contribution to the global climate change, it 
also adversely impacts the health of the exposed 
population (Corbett et al., 2007). Carbonaceous 
compounds, classified as organic carbon (OC) 
and elemental/black carbon (EC/BC), are some 
of the major species of PM that are being emit-
ted by shipping activities and dispersed into the 
local atmosphere at the coast line (Agrawal et al., 
2008, Healy et al., 2009; Moldanova et al., 2009). 
Concentrations of EC/BC and organics have been 
found to be enhanced by 4-5 times in the port 
when ships are passing by (Lu et al., 2006).

This study aims to investigate the PM emission 
from a medium size ship diesel engine operated 
at constant speed. The engine was the basis of 
a measurement campaign within the framework 
of the Helmholtz Virtual Institute of Complex Mo-
lecular Systems in Environmental Health (HICE) 
that took place at the Faculty of Mechanical En-
gineering, Department of Pistons and Internal 
Combustion Engine at the University of Rostock 
on November 19-30, 2012. 

Experimental

The emitted aerosols were transported through 
a series of porous tube diluters downstream the 
exhaust to the particle measurement systems. 
The PM2.5 particle fraction was diluted by nomi-
nally a factor of 100 for HFO (1.6% fuel sulfur con-
tent, FSC) and of 40 for DF, were collected using 
a particle sampler (Partisol 2300, Rupprecht and 
Patashnik, USA), and analyzed gravimetrically 
(Sartorius AC 210, Germany). Particles collected 
from PTFE filters were analyzed for elemental 
content using (ICP-AES, Spectro Ciros Vision, 
SPECTRO Analytical Instruments GmbH & Co. 
KG, Kleve, Germany. The aerodynamic size dis-
tribution of the particles, diluted by 1000 for HFO 
and by 400 for DF, was monitored in real-time 
using a 12-stage Electrical Low Pressure Impac-
tor (ELPI, Dekati, Finland). The mobility size dis-
tribution was measured by a Scanning Mobility 
Particle Sizer (SMPS, Differential Mobility Analy-
zer TSI 3080, Condensation Particle Counter TSI 
3022) providing the mobility diameter (dm) of the 
submicron sized particles. Elemental and orga-
nic carbon samples were collected on a quartz fi-
ber filter, heated stepwise to desorb the organic 
compounds and analyzed in an EC/OC analyzer 
(Desert Research Institute Model 2001 A, USA). 
Black carbon (BC) and brown carbon (BrC) were 
measured online using an Aethalometer (Magee 
Scientific Model AE33-7, Slovenia). The non-re-
fractory particles were measured using a high 
resolution time-of-flight aerosol mass spectro-
meter (HR-TOF-AMS, Aerodyne Research Inc., 
USA). 

Results and discussion

The major species for the particulate fraction 
of the HFO exhaust consisted of organics (OC or 
OM), sulfate, soot (EC or BC) and inorganic ele-
ments, which is similar in DF, except for sulfate 

Particulate emissions from medium-size ship diesel engine

Figure 1. Average particulate 
emission factors of quanti-
fied components
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and inorganic elements, as shown in Figure 1. 
The OM/BC ratio is 10 times higher in HFO than in 
DF due to the high residual content of the former. 
BC and EC have similar concentrations for both 
HFO and DF.

As presented in Fig. 2 (top), the evolution of 
non-refractory particles during a two hour test 
cycle, from 100% to 25% engine load, showed 
a characteristic emission pattern for each load. 
At 100% engine load, the OM emission factor 
for HFO indicates nearly steady state conditions 
while for DF most of the OM emission occur-
red at the beginning of the operation and con-
sistently decreased with load. For HFO, first a 
drastic decrease followed by a slightly on-going 
decrease of the OM emission was observed as 
the engine load was reduced from 100% to 75%. 
In contrast, the combustion of diesel fuel is typi-
fied by slightly increasing and plateauing of the 
OM-emission for the whole one hour duration. 
Thus, at this operation point, the emission fac-
tors of OM stabilized to a lower amount in HFO 
and to a higher amount in DF. For the 50% load, 
the OM slightly increased in HFO and decreased 
substantially in DF. Both emission profiles sho-
wed stable factors during this time suggesting 
that at this operating point, a predictable emissi-
on of OM could be achieved in a very short time. 
When the load was changed to 25%, the highest 
emission factor was observed for HFO and the lo-
west for DF. Since for HFO the highest and lowest 
stable emissionfactors were observed for 25% 
and 75%, respectively, and inversely for DF, their 
mass spectra are presented in Figure 2 (bottom). 
The main difference between both spectra is the 
presence of sulfate fragments in HFO. They con-
tribute higher in 75% than in 25% load. The OM 
dominant fragments, including m/z 29, 41, 43, 
and 55, are characteristics of hydrocarbon-like 

organic aerosols (HOA). They are similar to the 
dominant fragments from freshly emitted ship 
plume (Murphy et al., 2009).

 Conclusion

This study showed that with lower sulfur content 
in fuel, the PM significantly declined for the over-
all duration of the test cycle employed. Our re-
sults showed furthermore, that organics, SO42-, 
and inorganic elements declined significantly 
with a lower FSC, but not the EC/BC concentra-
tions. Also the power output seemed to play a 
role in the particulate emissions. It was shown 
here that under constant speed the 75% engine 
load produced approximately the same amount 
of particulate emissions for both HFO and DF. 
This may have an implication to the emission 
controlled area regulation: although ships are 
not allowed to operate there with HFO of high 
FSC, they might still emit PM comparable to HFO 
for a certain load.
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•	 +49 (0)381 498-6460/6527 (UR)
•	 ralf.zimmermann@uni-rostock.de (UR)
•	 +49 (0)89 3187-4544/4048 (HMGU)
•	 ralf.zimmermann@helmholtz-muenchen.de (HMGU)
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MSc and BSc Students

BSc Students at the Chair of Analytical Chemistry / UR:

•	Florian Cordes, 2012

•	Jasper Menze, 2012

•	Lydia Rosenfeld, 2012

•	Christian Scholz, 2012

•	Robert Strehse, 2012

•	Elisa Rönn, 2013

•	Anne Ulbrich, 2013

•	Katharina Rumpel, 2013

•	Anne Schoop, 2013

MSc Students at the Chair of Analytical Chemistry / UR:

•	Theo Schwemer, 2012

•	Sabina Erdmann, 2012

•	Hendryk Czech, 2013

•	Christopher Rüger, 2013

•	Christian Scholz, 2014

•	Toni Miersch, 2014

•	Anne Warmke, 2014

•	Lydia Rosenfeld, 2014

•	Dmitri Schander, 2014
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Cooperation Partners

Industrial Partners

Airsense Analytics
Schwerin, Germany
Dr. A. Walte
www.airsense.com

ASG Analytik-Service Gesellschaft mbH
Neusäß, Germany
Dr. T. Wilharm
www.asg-analytik.de

Bavarian Center for Applied Energy
Research (ZAE Bayern)
Garching bei München, Germany
Dipl.-Ing. R. Kunde
www.zae-bayern.de

Decodon GmbH
Greifswald, Germany
M. Kolbe
www.decodon.com

LECO Instruments
Mönchengladbach, Germany
Dr. R. Löscher
www.leco-europe.com

NETZSCH-Gerätebau GmbH
Selb, Germany
Dr. T. Denner, Dr. J. Hanss
www.netzsch-thermal-analysis.com

Photonion GmbH
Schwerin, Germany
W. Münchmeyer, Dr. A. Walte
www.photonion.de

ROE-LAB Umweltanalytik mikrobiologische 
Untersuchungen GmbH
Munich-Gräfelfing, Germany
Dr. R. Römmelt

Sasol Technology Ltd.
Sasolburg, South Africa
Dr. H. Assumption, W. Welthagen
www.sasol.com

Shimadzu Europa GmbH
Duisburg, Germany
Dr. M. Geißler
www.shimadzu.eu

Tofwerk AG
Thun, Switzerland
Dr. M. Gonin, Dr. K. Fuhrer
www.tofwerk.com/cms

 
Vitrocell Systems GmbH
Waldkirch, Germany
T. Krebs
www.vitrocell.com

Zentralanstalt für Meteorologie und 
Geodynamik
Vienna, Austria
Dr. M. Staudinger
www.zamg.ac.at
	
Aerosol d.o.o.
SI-1000 Ljubljana, Slovenia 
Dr. Grisa Mocnik
www.aerosol.si

National and International  
Research Institutions
 
Azerbaijan National Academy of Sciences
Institute of Petrochemical Processes
Baku, Azerbaijan
Prof. Dr. V. Abbasov
www.ameankpi.org

Azerbaijan National Academy of Sciences
Institute of Radiation Problems
Baku, Azerbaijan
Prof. Dr. I. Mustafajev
www.science.az/en/rediation

Bifa Environmental Institute
Augsburg, Germany
Prof. Dr. W. Rommel, H. Nordsieck
www.bifa.de

Chinese Academy of Sciences
State Key Laboratory of Atmospheric Physics 
Beijing, China
Prof. Dr. Y. Wang, Dr. J. Xing
www.english.iap.cas.cn

Desert Research Institute
Division of Atmospheric Sciences
Reno, Nevada, USA
Prof. Dr. J. C. Chow, Prof. Dr. J. Watson
www.dri.edu/das

European Commission Joint Research Centre (JRC)
Institute of Energy and Transport
Ispra, Italy
Dr. C. Belis, Dr. M. C. Astorga Llorens
iet.jrc.ec.europa.eu
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Helmholtz Association
Max Delbrück Center for Molecular
Medicine (MDC) Berlin-Buch
Berlin-Buch, Germany
Dr. G. Dittmar
www.mdc-berlin.de/en/index.html

Helmholtz Zentrum München
Institute of Allergy Research (IAF) 
Prof. Dr. Carsten Schmidt-Weber
www.helmholtz-muenchen.de/en/institu-
te-of-allergy-research

Helmholtz Zentrum München
Comprehensive Pneumology Center (CPC)
Institute of Lung Biology and Disease (iLBD)
Munich, Germany
Prof. Dr. O. Eickelberg,
Dr. A. Önder Yildirim
www.cpc-munich.org

Helmholtz Zentrum München
Institute of Biomathematics and Biometry
Dr. K. Hahn, Dr. H. Scherb
www.helmholtz-muenchen.de/en/ibb

Helmholtz Zentrum München
Institute of Epidemiology II
Prof. Dr. Annette Peters
www.helmholtz-muenchen.de/epi2

Helmholtz Zentrum München
Department of Medical Radiation Physics
and Diagnostics
Prof. Dr. C. Hoeschen,
Dr. W. Szymczak
www.helmholtz-muenchen.de/en/amsd

Karlsruhe Institute of Technology (KIT)
Institute of Catalysis Research and
Technology (IKFT)
Karlsruhe, Germany
PrivDoz. Dr. N. Dahmen, Prof. Dr. E. Dinjus
www.itc-cpv.kit.edu/english/index.php

Karlsruhe Institute of Technology (KIT)
Institute for Meteorology and Climate
Research, Atmospheric Aerosol Research
(IMK - AAF)
Garmisch-Partenkirchen, Germany
Prof. Dr. S. Emeis, Prof. Dr. K. Schäfer
imk-ifu.fzk.de/institute.php

Karlsruhe Institute of Technology (KIT)
Institute of Toxicology and Genetics (ITG)
Karlsruhe, Germany
Dr. S. Diabaté, Prof. Dr. U. Strähle,
Dr. C. Weiss
www.itg.kit.edu/index.php

 

Karlsruhe Institute of Technology (KIT)
Institute of Technical Chemistry (ITC)
Eggenstein-Leopoldshafen, Germany
S. Mülhopt, Dr. H.-R. Paur
www.itc-tab.kit.edu

Leibnitz Institute for Baltic Sea Research 
Warnemünde
Warnemünde, Germany
Prof. Dr. D. Schulz-Bull
www.io-warnemuende.de

National Institute of Chemical Physics
and Biophysics
Tallinn, Estonia
Prof. Dr. U. Kirso
www.kbfi.ee/?id=56&lang=eng

OWI Oel-Waerme-Institut GmbH
Aachen, Germany
Dr.-Ing. R. Edenhofer
www.owi-aachen.de

Paul Scherrer Institute
Laboratory of Atmospheric Chemistry
Villingen, Switzerland
Prof. Dr. U. Baltensperger,
Dr. A. Prévôt
www.psi.ch/lac

Swiss Federal Institute for Forest,
Snow and Landscape Research (WSL)
Birmensdorf, Switzerland
N. Kräuchi
www.wsl.ch/index_EN

National and International  
Universities

Baku State University, Faculty of Chemistry
Baku, Azerbaijan
Prof. Dr. A. S. A. Azizov
chemistry.bsu.edu.az/en

Cardiff University
Cardiff Earth & Ocean Sciences
Cardiff, UK
Dr. T. Jones
www.cardiff.ac.uk/earth

Cardiff School of Biosciences
Cardiff, UK
Dr. K. BéruBé
www.cardiff.ac.uk/biosi

Ghent University
Department of Organic Chemistry
Ghent, Belgium
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Dr. C. Walgraeve
www.orgchem.ugent.be

Hong Kong Polytechnic University
Hung Hom, Kowloon Hong Kong
Research Centre for Environmental
Technology & Management Department
Kowloon, Hong Kong, China
Prof. (Frank) Shung Cheng Lee
www.cse.polyu.edu.hk/04environmental.php

Leibniz Universität Hannover
Institute of Environmental Planning
Prof. Dr. C. von Haaren
www.umwelt.uni-hannover.de/umweltplanung.
html?&L=1

Maastricht University
Department of Toxicogenomics
Maastricht, Netherlands
Dr. J. J. Briedè, Dr. T. de Kok
www.toxicogenomics-um.nl/

Middle East Technical University
Department of Petroleum and Natural Gas
Engineering
Ankara, Turkey
Prof. Dr. M. Versan Kok
www.pete.metu.edu.tr

Stellenbosch University
Division of Polymer Science
Stellenbosch, South Africa
Prof. Dr. H. Pasch
academic.sun.ac.za/polymer

Technische Universität Darmstadt
Institute of Applied Geosciences
Darmstadt, Germany
Prof. Dr. S. Weinbruch
www.geo.tu-darmstadt.de/iag/index.en.jsp

Technische Universität München
Center of Allergy & Environment -
Zentrum Allergie & Umwelt (ZAUM)
Munich, Germany
Prof. Dr. Jeroen Buters, Dr. W. Schoder
www.zaum-online.de

Technische Universität München
Chair of Ecoclimatology
Freising, Germany
Dr. M. Leuchner 
oekoklimatologie.wzw.tum.de

Technische Universität München
Physics Department
Garching bei München
PD Dr. A. Ulrich
www.ph.tum.de

Università degli Studi di Messina
Facoltà di Farmacia
Dipartimento Farmaco-Chimico
Messina, Italy
Prof. L. Mondello
www.farmacia.unime.it

Università degli Studi di Urbino
Laboratorio LC-MS – Dipartimento di Scienze de-
lla Terra, della Vita e dell’Ambiente – DiSTeVA
Urbino, Italy
Prof. Dr. A. Capiello
www.uniurb.it/SA/italiano/achilleweb/index.htm

University of Augsburg
Environment Science Center
(Wissenschaftszentrum Umwelt)
Augsburg, Germany
Prof. Dr. A. Reller
www.wzu.uni-augsburg.de

University of California, Davis
Department of Chemistry
Davis, California, USA
Prof. P. B. Kelly
www.chem.ucdavis.edu

University of California, Davis
Department of Molecular and Cellular
Biology & Genome Center
Dr. O. Fiehn
fiehnlab.ucdavis.edu

University of Eastern Finland
Inhalation Toxicology Laboratory
Kuopio, Finland
Maija-Riitta Hirvonen
www.uef.fi/intola

University of Eastern Finland
KANTIVA Bioenergy Research Center
Prof. J. K. Jokiniemi, Dr. O. Sippula
www.kantiva.fi/en/index.shtml

University of Ferrara
Department of Analytical Chemistry
Ferrara, Italy
Prof. Dr. C. Pietrogrande, Prof. Dr. F. Dondi
www.unife.it

University of Gothenburg
Gothenburg, Sweden
Prof. Dr. J. B. C. Pettersson
www.gu.se/english

University of Göttingen
Interdisziplinäres Zentrum für Nachhaltige
Entwicklung (IZNE)
Geowissenschaftliches Zentrum
Göttingen, Germany
Prof. Dr. Hans Ruppert
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www.izne.uni-goettingen.de

University of Luxembourg
Luxembourg Centre for Systems
Biomedicine
Esch-Belval, Luxembourg
Dr. K. Hiller
wwwen.uni.lu/lcsb/people/karsten_hiller

University of Pretoria
Department of Chemistry
Pretoria, South Africa
Prof. Dr. E. Rohwer, Dr. P. Forbes
web.up.ac.za/default.asp?ipkCategoryID=7966

University of Rostock
Department of Anaesthesiology and
Intensive Care Medicine
Rostock, Germany
PD Dr. J. Schubert
kpai-uni-rostock.de

University of Rostock
Department of Chemistry
Prof. Dr. U. Kragl, Prof. Dr. R. Ludwig
www.chemie1.uni-rostock.de/boerner/ 
englisch/index.htm

University of Rostock
Department of Piston Engines and Internal
Combustion Engines
Dr. U. Schümann, Dipl.-Ing. C. Fink,
Dipl.-Ing B. Stengel
www.lkv.uni-rostock.de/en

China University of Mining and Technology
Department of resources and Earth Sciences 
Beijing Campus
Ph. D Professor Longyi Shao
Head of Department
www.cumtb.edu.cn/

Peking University Health Science Center
Dept. of Occupational and Environmental Health
Professor Xiao-chuan Pan
Vice Director
english.bjmu.edu.cn

Public and State Institutions

Agenzia Regionale per la Prevenzione e Protezi-
one Ambientale del Veneto (ARPAV)
Belluno, Italy
Dr. R. Bassan
www.arpa.veneto.it

Bavarian Environment Agency
(Bayerisches Landesamt für Umwelt)
Augsburg, Germany

Dr. H. Ott, Dr. M. Rössert
www.lfu.bayern.de/index.htm

Bayerische Landesanstalt für Wald
und Forstwirtschaft (LWF)
Freising, Germany
Dr. H.-P. Dietrich
www.lwf.bayern.de

Bundeskriminalamt (BKA)
Wiesbaden, Germany
Dr. M. Pütz, Dr. R. Schulte-Ladbeck
www.bka.de

Federal Environment Agency Austria
(Umweltbundesamt)
Vienna, Austria
Dr. Weiß
www.umweltbundesamt.at

Federal Environment Agency Germany
(Umweltbundesamt)
Global Atmosphere Watch (GAW) -
Globale Überwachung der Atmosphäre
Dr. L. Ries
Garmisch-Partenkirchen, Germany
www.umweltbundesamt.de/gaw
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Funding and Scholarships

List of Funded Third Party Projects of the JMSC (April 2012 – March 2014)

Funding Institution 	 Grant period Title Total HMGU/UR Grant [€]

Netzsch Gerätebau GmbH 10/09–09/12 TG-Skimmer-MS: Charakterisierung und 
Optimierung der Jet-Eigenschaften

141.372  
(UR)

BAT Research Centre 12/10–06/13 In-Situ Sampling/Mapping of Selected Toxi-
cants inside a Burning Cigarette and Fractio-
nation of Tobacco and the Effect on Selected 
Toxicants using Combustion Simulator

225.672  
(UR)

Ministry for Science and Cul-
ture of lower Saxony

01/09–01/14 Nachhaltige Nutzung von Energie aus Bio-
masse im Spannungsfeld von Klimaschutz, 
Landschaft und Gesellschaft – TP Schadstof-
femissionen bei der Energiegewinnung aus 
Stroh, Holz und Biogas

118.782 
(HMGU)

Wissenschaftsgemeinschaft 
Gottfried Wilhelm Leibniz e.V.

03/11–02/14 Abbaubarkeit von arktischem, terrigenem 
Kohlenstoff im Meer

135.700  
(UR)

DGUV – Deutsche Gesetzliche 
Unfallversicherung

04/10–03/14 Untersuchung von Messfehlern bei der Pro-
benahme von Gefahrstoff-Aerosolen

404.000  
(HMGU)

BFS / Netsch gerätebau GmbH 10/12–03/15 Mehrdimensionale Analyse thermischer 
Prozesse

658.600 
(HMGU)

Sasol Technology (Pty) Ltd. 12/08–08/15 Application of REMPI-/SPI-TOFMS for on-
line analysis of coal pyrolysis products and 
Fischer-Tropsch micro reactor streams and 
Comprehensive analysis in Fischer-Tropsch 
related systems

178.500  
+ 

233.240  
(UR)

DFG 04/13–03/16 Primary aerosol emissions from wood com-
bustion and shipping engines and their po-
tentials for formation of secondary aerosols

323.250 
(UR)

Öl-Wärme-Institut e.V. 01/14–06/16 Untersuchung der Einflussgrößen auf die 
Messung der Partikelemission von Kleinfeu-
erungsanlagen

204.304  
(HMGU)

DFG 01/13–08/16 ATOF-PIMS 
Verbesserung der Online-Charakterisierung 
von Aerosolpartikeln durch laserbasierte 
Ionisierungstechniken in einem Flugzeitmas-
senspektrometer

159.550  
(UR)

HGF 01/12–12/16 Helmholtz Virtual Institute of Complex 
Molecular Systems in Environmental Health 
(HICE) 

1.000.000  
(HMGU)

+
500.000  

(UR)

DFG 2014–2017 Chemische Zusammensetzung und Herkunft 
von atmosphärischem Brown Carbon Aerosol

150.000
(UR)

Total funding sum: � EUR 4.432.970
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List of Funded Scholarships of the JMSC (April 2012 – March 2014)  
 

Name of beneficiary Funding institution Title

Christopher Rüger
PhD student

Land Mecklenburg- 
Vorpommern − Landes- 
graduiertenstipendium

Entwicklung und Anwendung von laserdesorptionsba-
sierten Verfahren zur schnellen molekularen Cha-
rakterisierung komplexer petrochemischer Produkte, 
gesundheitsgefährdender Stoffe und anderer relevan-
ter Proben mit hochauflösender Massenspektrometrie

Fengxia Li
Peking University Health Science 
Center, Beijing, China

Chinese Scholarship Council 
(CSC)

Long term sampling of environmental nanoparticles in 
Augsburg and spacial-temporal variation characteriza-
tion based on chemical composition measurements

Hilda Huang
Institute for the Environment, 
Hong Kong University of Science 
& Technology, Hong Kong, China

Ministry of Education of the 
People‘s Republic of China

Integrated Assessment on Roadside Air Quality

Raeed Qadir
University of Duhok, Dept. of 
Chemistry, College of Science, 
Irak

Deutscher Akademischer 
Austauschdienst (DAAD)

Analysis of Organic Molecular Markers in Airborne 
Particulate Matter: Application for Emission Source 
Apportionment

Ahmed Reda
Al-Nahrain University, Bagdad, 
Irak

Deutscher Akademischer 
Austauschdienst (DAAD)

Development and application of methods for 
sampling and characterization of volatile oxygen 
containing compounds in emission aerosols 

Abudula Reyimuguli
Chinese Academy of Sciences, 
Urumuqi, China

Chinese Scholarship Council 
(CSC)

Impact of fuel type and fuel moisture content on 
wood emissions at different operation conditions 

Yuting Huang
Chinese Academy of Agricultural 
Sciences, Beijing, China

Chinese Scholarship Council 
(CSC)

Investigation of formation of secondary organic 
aerosols and health effects of wood combustion and 
ship emission

Sevinj Hajiyeva
Institute of Petrochemical  
Processes, Azerbaijan National 
Academy of Sciences

Ministry of Education of 
Azerbaijan Republic

Comprehensive analysis of crude Naphtalan oil 
distillates

Sevil Khalilova
Institute of Petrochemical  
Processes, Azerbaijan National 
Academy of Sciences 

Ministry of Education of 
Azerbaijan Republic

Comprehensive analysis of crude oil distillates by 
means on STA-SPI-MS

Annamaria Poletti
Department of Analytical  
Chemistry, Ferrara, Italy

LLP/Erasmus Placement A. A. 
2013/14

Quantification of semi volatile organic compounds in 
Beijing samples

Rasim Alosmanov
Baku State University, Chemical 
Department, Baku, Azerbaijan

Deutscher Akademischer 
Austauschdienst (DAAD)

Application of thermogravimetric analysis to the 
evaluation of aminated solid sorbents for CO2 capture

Xiao Wu
Shandong University, China

Chinese Scholarship Council 
(CSC)

Development and application of HPLC and LC-MS  
methods for the determination of markers of oxidati-
ve stress in biological samples
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Conferences

International conferences and workshops 2012 - Highlights

60thAnnual Meeting of the American Society for Mass Spectrometry (ASMS), 2012, Vancouver, Canada:
•	 Zimmermann et al., Real-time analysis of flavors and pyrolysis-gases inside of individual coffee beans during the roasting 

process by microprobe-sampling photo-ionization mass spectrometry

American Association for Aerosol Research (AAAR), 2012, Minneapolis, USA:
•	 Elsasser et al., Dynamic Changes in the Aerosol Composition and Concentration during Different Burning Phases of Wood
•	 Oster et al., Comprehensive single particle analysis by aerosol mass spectrometry with different desorption and ionisation 

techniques 

Analytica 2012, Workshop on Light and Molecular Ions – Photo Ionisation in Mass Spectrometry, Munich, Germany:
•	 Session Chair: R. Zimmermann, Light and Molecular Ions - Photo Ionisation in Mass Spectrometry
•	 Ehlert et al., Laser-Desorption for Real-Time Detection of Security Relevant Substances at Ambient Conditions, 
•	 Streibel et al., Laser Based Single and Multi-Photon Ionization Mass Spectrometry for Characterization of Combustion and 

Pyrolysis Processes 

Analytica China, 2012, Shanghai, China:
•	 Gröger et al., Hyphenated techniques for comprehensive characterization of the metabolom: Applications, Processing & new 

technology

European Aerosol Conference 2012, Granada, Spain:
•	 Dragan et al., First field application of a thermal desorption resonance-enhanced multiphoton-ionisation single particle time-of-

flight mass spectrometer for online measurements of particle bound polycyclic aromatic hydrocarbons and source identification 
•	 Orasche et al., Organic Emissions from Modern Small Scale Wood Combustion Appliances –Chemical Characterization and 

Toxic Potential of Fine Particulate Matter
•	 Zimmermann et al., Impact of wood combustion on the ambient aerosol in Augsburg, Germany: A joint measurement campa-

ign using innovative on-line and off-line mass spectrometric systems for chemical profiling
•	 Zimmermann et al., Unraveling the molecular organic signature of the EC/OC fractions of PM: Coupling of an EC/OC-carbon 

analyzer to photo-ionization

International Congress on Thermal Analysis and Calorimetry (ICTAC), 2012, Osaka, Japan:
•	 Zimmermann et al., Thermal analysis coupled to on-line modulated fast gas chromatography-photoionisation TOF-mass 

spectrometry for comprehensive characterization of complex organic materials such as crude oil-fractions or polymers

Petrophase, 2012, St. Petersburg Beach, FL, USA:
•	 Zimmermann et al., Thermal analysis with evolved gas analysis by photo ionisation mass spectrometry for thermal and 

chemical characterisation of crude oils

Pyrolysis 2012, Linz, Austria:
•	 Streibel et al., Analytical Pyrolysis of Biomass and Fossil Fuels Applying Time-of-Flight Mass Spectrometry with Soft Pho-

to-Ionisation

Analytisches Seminar an der Bundesanstalt für Materialforschung (BAM), Berlin, Germany:
•	 Zimmermann et al., Enhancing the selectivity of on-line mass spectrometry and gas chromatography-mass spectrometry 

based analytical methods	  

University of Washington, Seattle, WA, USA:
•	 Zimmermann et al., Enhancing the selectivity of mass spectrometry for on-line and off-line analysis of complex samples

ChromSaams-Conference 2012, Dikhololo, South Africa:
•	 Zimmermann et al., Enhancing the selectivity of gas chromatography-mass spectrometry for analysis of complex matrices: 

High resolution mass spectrometry, soft and hard ionization techniques and comprehensive separation

SASOL-lecture series, Rhodes University, Grahamstown, South Africa:
•	 Zimmermann et al., Small particles with a big impact: Methods to characterize chemical and physical properties of ambient 

and process aerosols
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Nelson Mandela Metropolitan University, Port Elizabeth, South Africa:
•	 Zimmermann et al., Fuels, combustion and pyrolysis: Application of mass spectrometry based technologies to characterize 

complex mixtures

IUMRS-ICEM congress 2012, Yokohama, Japan:
•	 Zimmermann et al., On-line coupling of Thermal Analysis (TA) to soft Photo Ionisation-Mass Spectrometry (SPI-MS) for orga-

nic profiling of evolved gases: New instrumental concepts and applications

Air Liquide GmbH (Lurgi), Frankfurt, Germany:
•	 Zimmermann et al., Mass Spectrometry with Soft Photo Ionisation Technology for On-Line Characterisation of Organic Pro-

ducts from Industrial Combustion and Pyrolysis Processes

CNRS, Nancy, France:
•	 Zimmermann et al., Mass Spectrometry with Soft Photo Ionisation: Technology and Applications

Bilbao Talks on Aerosol Science, Bilbao, Spain:
•	 Zimmermann et al., On-line and off-line chemical profiling of aerosols by mass spectrometry: Unraveling the cause of aero-

sol-induced health effects

GDCh-Seminarvortrag. Universität Hamburg, Germany:
•	 Zimmermann et al., Aerosolmassenspektrometrie: Organische Verbindungen in Aerosolen – Eine Herausforderung für die 

chemische Analytik

36th ISCC - Int. Symposium of Capillary Chromatography, Riva del Garda, Italy:
•	 Zimmermann et al., Detection of tracers for wood combustion aerosols in ambient air by on-filter derivatization – direct 

thermal desorption – gas chromatography – time of flight mass spectrometry
•	 Gröger et al., Gas chromatography hyphenated to high resolution and accurate mass spectrometry: technical utilization, 

benefits and application

ZHAW - Zurich University of Applied Sciences, Switzerland:
•	 Zimmermann et al., Photo Ionisation Mass Spectrometry with Lasers and incoherent VUV light sources 
 

International conferences and workshops 2013 - Highlights

61thAnnual Meeting of the American Society for Mass Spectrometry (ASMS), 2013, Minneapolis, USA:
•	 Gröger et al., Fast switchable single-photon/electron ionization for time–of–flight mass spectrometry and its hyphenation to 

gas chromatography – mass spectrometry
•	 Lintelmann et al., LC-Q-TOF-MS and LC-HR-TOF-MS Methods for the Determination of Metabolites of Polycyclic Aromatic 

Hydrocarbons in Urine: A comparison
•	 Zimmermann R. and Sysage J., ASMS-Workshop: Photo Ionisation Mass Spectrometry-Light for Molecular Ions, Introductio-

nary presentation and workshop co-chair

ANAKON, 2013, Essen, Germany:
•	 Gröger et al., Advanced compound classification for GCxGC-MS due to the integration of accurate mass information obtained 

by high resolution time-of-flight mass spectrometry
•	 Schäffer et al., Forensisches Profiling von Sassafrasölen basierend auf zwei-dimensionaler Gaschromatographie (GC×GC-TOFMS)
•	 Streibel et al., Kopplung eines Thermisch/Optischen-Kohlenstoffanalysators mit Photo-ionisierungs-Massenspektrometrie zur 

Bestimmung der organischen Zusammensetzung von Aerosolpartikeln

European Aerosol Conference 2013, Prague, Czech Republic:
•	 Dragan et al., A study on SVOC aerosol evaporation and its possible implications on workplace sampling
•	 Mueller et al., Primary aerosols from ship diesel engine exhaust within the framework of HICE measurement campaign
•	 Orasche et al., Particle-bound Methoxyphenols and their atmospheric nitration products as wood combustion tracers
•	 Orasche et al., Health relevant compounds in wood combustion and ship diesel aerosols: Evaluation of the toxicity due to 

polycyclic aromatic hydrocarbons
•	 Qadir et al., Long-term monitoring, chemical composition and source apportionment study of PM2.5 in Augsburg, Germany
•	 Streibel et al., Hyphenation of a Thermal/Optical Carbon Analyzer to photo-ionization mass spectrometry for determination of 

the organic content of aerosol particles
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•	 Zimmermann et al., Studying the causes of health effects of combustion-derived aerosols in the framework of the Virtual 
Helmholtz Institute HICE: First results on ship diesel aerosols

•	 Zimmermann et al., REMPI-Laser-mass spectrometry: On-line and off-line analysis of the molecular signature of polycyclic 
aromatic hydrocarbons (PAH) in gas- and particle-phase of combustion aerosols

Annual meeting of the German Society for Mass Spectrometry (DGMS), Berlin:
•	 Zimmermann et al., Gas chromatography coupled to fast high resolution TOF mass spectrometry (GC- and GCxGC-HRTOF) or 

ultra-high resolution FT- ICR mass spectrometry (GC-APCI-FTICR) for analysis of highly complex mixtures
•	 Oster et al., First field application of a thermal desorption resonance-enhanced multiphoton-ionisation single particle time-

of-flight mass spectrometer for detection of particle bound polycyclic aromatic hydrocarbons and source identification

41st Annual Conference of NATAS 2013, Bowling Green, Kentucky, USA:
•	 Zimmermann et al., Crude oil, Tobacco, Polymers, Coffee and Soot: Thermal Analysis of complex materials and thermal pro-

cesses using Photo-Ionisation Mass Spectrometry
•	 Fischer et al., Thermal Analysis with Evolved Gas Analysis by Single Photon Ionization – Mass Spectrometry for the investiga-

tion of coffee and tobacco

3rd European GCxGC Symposium, Nice, France:
•	 Gröger et al., LECO Pegasus GCxGC-HRT: The missing link between GCxGC and high resolution and accurate mass spectrome-

try, 3rd European GCxGC Symposium, Nice, France

InnMassSpec: Innovations in Mass Spectrometry Instrumentation, St. Petersburg, Russia:
•	 Zimmermann et al., Application of Multi-Reflection, High Resolution Time-of-Flight-Mass Spectrometry as Detector for One- 

and Two-Dimensional Gas Chromatography & Soft Photo Ionization Mass Spectrometry

Pittcon 2013, Philadelphia, PA, USA:
•	 Zimmermann et al., Detection of the molecular composition of coffee roasting pyrolysis gases by thermal analysis of individu-

al coffee beans coupled to evolved gas analysis (TG-EGA) by photo ionization TOF mass spectrometry

Environment Canada, Toronto, Canada:
•	 Zimmermann et al., Aerosol emissions from a ship diesel engine operated either with heavy or with light diesel fuel: Chemi-

cal composition of the aerosol and toxicological effects on human lung cells

Pittcon 2013, Philadelphia, PA, USA:
•	 Zimmermann et al., Detection of the molecular composition of coffee roasting pyrolysis gases by thermal analysis of individu-

al coffee beans coupled to evolved gas analysis (TG-EGA) by photo ionization TOF mass spectrometry

40th Int. Symposium on HPLC, Hobart, Tasmania, Australia:
•	 Zimmermann et al., New Concepts in LC-MS: Ultra-fast, very-high resolution Time-of-flight mass spectrometry coupled to 

HPLC for applications on crude oil, metabolites and plant extracts & A low-pressure photo ionization MS approach for mat-
rix-effect free ionization from liquid phase

US-Environmental Protection Agency (EPA), Research Triangle Park, NC, USA:
•	 Zimmermann et al., Health effects of combustion-derived aerosols: First results on ship diesel aerosols

Leco Inc., St. Josephs, MI, USA:
•	 Zimmermann et al., High mass-resolution multi-reflection-time-of-flight-mass spectrometer systems as detector for gas 

chromatography or liquid chromatography: Concepts and first applications

The J.M. Smucker Company (Folgers Coffee), Orrville, OH, USA:
•	 Zimmermann et al., On-line analysis of of coffee roasting-gases
•	 Zimmermann et al., Photo-ionization mass spectrometry for on-line analysis of the chemical signature of coffee roasting-ga-

ses and coffee products

Symposium of “The Chromatographic Society”, Southampton, GB:
•	 Zimmermann et al., On-line Monitoring of Complex Mixtures by Photoionisation Mass Spectrometry

International Symposium on Capillary Chromatography (ISCC), Palm Springs, CA, USA:
•	 Zimmermann et al., High mass-resolution multi-reflection time-of-flight-mass spectrometer as detector for one-dimensional 

(GC) and comprehensive two-dimensional (GCxGC) gas chromatography: Characterization of highly complex mixtures and 
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comparison to GC-APCI-FTICR
•	 Zimmermann et al., Ultra-fast, high mass-resolution multi-reflection-time-of-flight-mass spectrometer systems as detector 

for one-dimensional and comprehensive two-dimensional gas chromatography as well as for liquid chromatography: Con-
cepts and first applications 

Tchibo GmbH, Hamburg, Germany:
•	 Zimmermann et al., Soft photoionization mass spectrometry: A powerful tool for on-line analysis of the chemical signature of 

coffee roasting-gases and products

Clean Air in Ports-Workshop (NABU), Hamburg, Germany:
•	 Zimmermann et al., Characterization of ship diesel emission in the framework of the “Virtual Helmholtz Institute HICE - Ae-

rosols & Health”

Mondelez-International Ltd., Banbury, UK:
•	 Zimmermann et al., Photo-ionization mass spectrometry: A versatile tool for on-line analysis of the chemical signature of 

coffee roasting-gases and coffee products 
 

International conferences and workshops 2014 - Highlights

Analytisches Seminar, Universität Duisburg-Essen, Germany:
•	 Zimmermann et al.: Abgase aus Schiffdiesel-Maschinen, Holzverbrennung und Co.: Chemische Zusammensetzung und Ge-

sundheitseffekte

The J.M. Smucker Company, Orrville, OH, USA The J.M. Smucker Company, Orrville, OH, USA:
•	 Zimmermann et al.: Photo-ionization mass spectrometry for on-line analysis of the chemical signature of coffee roasting-ga-

ses and coffee products 

Bremen MS-Seminar, Bremen, Germany:
•	 Zimmermann et al.: Combustion, tobacco smoke crude oil and coffee roasting: Analysis of complex materials and thermal 

processes by Photo-Ionisation Mass Spectrometry (PIMS)

13th HTC Conference, Bruges, Belgium:
•	 Gruber et al., Needle trap micro extraction combined with GCxGC-TOFMS for the analysis of breath gas during metabolic stress
•	 Weggler et al., Advanced scripting for automated fast screening of GCxGC-TOFMS data generated from anthropogenic aerosols
•	 Zimmermann et al., One-dimensional and comprehensive two-dimensional gas chromatography coupled to a multi-reflecti-

on, ultra-high resolution time-of-flight-mass spectrometer (and FT-ICR) for characterization of complex mixtures

SASOL-lecture series – University of Western Cape, Cape Town, SA:
•	 Zimmermann et al.: Combustion, tobacco smoke and coffee roasting: Analysis of complex materials and thermal processes by 

Photo-Ionisation Mass Spectrometry
•	 Zimmermann et al., On-line and off-line techniques for characterization of complex mixtures – Thermal analysis, Fi-

scher-Tropsch process and analysis of petrochemical samples

SASOL-lecture series – University of Stellenbosh, Stellenbosh, SA:
•	 Zimmermann et al.: Methods in Environmental Health Studies:Health effects of Ship Diesel emissions-A combined physi-

cal,chemical and molecular biological study

Meeting of the Section: „FT-MS and high resolution mass spectrometry“ of the German Society for Mass Spectrometry (DGMS):
•	 Rüger et al., Characterization of heavy fuel oil and combustion aerosol with laser desorption ionization coupled to ultra-high 

resolution mass spectrometry (LDI-FT-ICR-MS)

→ All contributions to conferences and workshops can be found here: www.helmholtz-muenchen.de/cma
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Publications

Papers of CMA and HICE authors 1.4.12 – 31.3.14 sorted inversely by date (newest first) 

1.	 D. Breuer, C. Friedrich, C. Möhlmann, G.C. Dragan; Development of a Miniaturised Sampling System for the Simultaneous 
Collection of Vapour-Droplet Mixtures of Semi-Volatile Compounds (Entwicklung Eines Miniaturisierten Probenahmesys-
tems Zur Gleichzeitigen Erfassung Von Dampf-Tröpfchen-Gemischen Bei Schwerflüchtigen Verbindungen), Gefahrstoffe- 
Reinhaltung der Luft 74:129-134 (2014)

2.	 M. Leuchner, S. Gubo, C. Schunk, C. Wastl, M. Kirchner, A. Menzel, C. Plass-Dülmer; Can Positive Matrix Factorization Iden-
tify Sources of Organic Trace Gases at the Continental Gaw Site Hohenpeissenberg?, Atmos. Chem. Phys. Discuss. 14:8143-
8183 (2014)

3.	 S. Skruszewicz, J. Passig, A. Przystawik, N.X. Truong, M. Köther, J. Tiggesbäumker, K.H. Meiwes-Broer; A New Design for 
Imaging of Fast Energetic Electrons, International Journal of Mass Spectrometry in press (2014)

4.	 G. John, K. Kohse, J. Orasche, A. Reda, J. Schnelle-Kreis, R. Zimmermann, O. Schmid, O. Eickelberg, A.Ö. Yildirim; The Com-
position of Cigarette Smoke Determines Inflammatory Cell Recruitment to the Lung in Copd Mouse Models, Clinical Science 
126:207-221 (2014)

5.	 R. Winkler-Heil, G. Ferron, W. Hofmann; Calculation of Hygroscopic Particle Deposition in the Human Lung, Inhalation 
Toxicology 26:193-206 (2014)

6.	 P. Schroeder, C.A. Belis, J. Schnelle-Kreis, R. Herzig, A.S. Prevot, M. Raveton, M. Kirchner, M. Catinon; Why Air Quality 
in the Alps Remains a Matter of Concern. The Impact of Organic Pollutants in the Alpine Area, Environ Sci Pollut Res Int 
21:252-67 (2014)

7.	 R.M. Qadir, J. Schnelle-Kreis, G. Abbaszade, J.M. Arteaga-Salas, J. Diemer, R. Zimmermann; Spatial and Temporal Varia-
bility of Source Contributions to Ambient Pm10 During Winter in Augsburg, Germany Using Organic and Inorganic Tracers, 
Chemosphere 103:263-273 (2014)

8.	 M. Kirchner, W. Fegg, H. Römmelt, M. Leuchner, L. Ries, R. Zimmermann, B. Michalke, M. Wallasch, J. Maguhn, T. 
Faus-Kessler, G. Jakobi; Nitrogen Deposition Along Differently Exposed Slopes in the Bavarian Alps, Science of the Total 
Environment 470–471:895-906 (2014)

9.	 M. Schäffer, S. Dieckmann, M. Pütz, T. Kohles, U. Pyell, R. Zimmermann; Impact of Reaction Parameters on the Chemical 
Profile of 3,4-Methylenedioxymethamphetamine Synthesized Via Reductive Amination: Target Analysis Based on Gc-Qms 
Compared to Non-Targeted Analysis Based on Gc X Gc-Tof-Ms, Forensic Science International 233:201-211 (2013)

10.	 R. Hertz-Schünemann, R. Dorfner, C. Yeretzian, T. Streibel, R. Zimmermann; On-Line Process Monitoring of Coffee Roas-
ting by Resonant Laser Ionisation Time-of-Flight Mass Spectrometry: Bridging the Gap from Industrial Batch Roasting to 
Flavour Formation inside an Individual Coffee Bean, Journal of Mass Spectrometry 48:1253-1265 (2013)

11.	 P.B.C. Forbes, E.W. Karg, G.-L. Geldenhuys, S.A. Nsibande, R. Zimmermann, E.R. Rohwer; Characterisation of Atmospheric 
Semi-Volatile Organic Compounds, Clean Air Journal 23:3-6 (2013)

12.	 S. Ehlert, A. Walte, R. Zimmermann; Ambient Pressure Laser Desorption and Laser-Induced Acoustic Desorption Ion Mobi-
lity Spectrometry Detection of Explosives, Analytical Chemistry 85:11047-11053 (2013)

13.	 P. Trefz, M. Schmidt, P. Oertel, J. Obermeier, B. Brock, S. Kamysek, J. Dunkl, R. Zimmermann, J.K. Schubert, W. Miekisch; 
Continuous Real Time Breath Gas Monitoring in the Clinical Environment by Proton-Transfer-Reaction-Time-of-Flight-Mass 
Spectrometry, Analytical Chemistry 85:10321-10329 (2013)

14.	 M. Schäffer, T. Gröger, M. Pütz, R. Zimmermann; Forensic Profiling of Sassafras Oils Based on Comprehensive Two-Dimen-
sional Gas Chromatography, Forensic Science International 229:108-115 (2013)

15.	 T. Streibel, S. Mitschke, T. Adam, R. Zimmermann; Time-Resolved Analysis of the Emission of Sidestream Smoke (Sss) from 
Cigarettes During Smoking by Photo Ionisation/Time-of-Flight Mass Spectrometry (Pi-Tofms): Towards a Better Description 
of Environmental Tobacco Smoke, Analytical and Bioanalytical Chemistry 405:7071-7082 (2013)

16.	 J. Peters, M. Clemen, J. Grotemeyer; Fragmentation of Deuterated Rhodamine B Derivates by Laser and Collisional Activati-
on in an Ft-Icr Mass Spectrometer, Analytical and Bioanalytical Chemistry 405:7061-7069 (2013)

17.	 Y. Hashiguchi, S.-i. Zaitsu, T. Imasaka; Ionization of Pesticides Using a Far-Ultraviolet Femtosecond Laser in Gas Chromato-
graphy/Time-of-Flight Mass Spectrometry, Analytical and Bioanalytical Chemistry 405:7053-7059 (2013)
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18.	 C. Stader, F. Beer, C. Achten; Environmental Pah Analysis by Gas Chromatography–Atmospheric Pressure Laser Ionization–
Time-of-Flight–Mass Spectrometry (Gc-Apli-Ms), Analytical and Bioanalytical Chemistry 405:7041-7052 (2013)

19.	 D. Riebe, R. Laudien, C. Brendler, T. Beitz, H.-G. Löhmannsröben; Laser Ionization of H2s and Ion-Molecule Reactions of 
H3s+ in Laser-Based Ion Mobility Spectrometry and Drift Cell Time-of-Flight Mass Spectrometry, Analytical and Bioanalyti-
cal Chemistry 405:7031-7039 (2013)

20.	 C. Brendler, D. Riebe, T. Ritschel, T. Beitz, H.G. Löhmannsröben; Investigation of Neuroleptics and Other Aromatic Com-
pounds by Laser-Based Ion Mobility Mass Spectrometry, Analytical and Bioanalytical Chemistry 405:7019-7029 (2013)

21.	 K. Jorabchi, K. Hanold, J. Syage; Ambient Analysis by Thermal Desorption Atmospheric Pressure Photoionization, Analytical 
and Bioanalytical Chemistry 405:7011-7018 (2013)

22.	 A. Stindt, M. Albrecht, U. Panne, J. Riedel; Co2 Laser Ionization of Acoustically Levitated Droplets, Analytical and Bioana-
lytical Chemistry 405:7005-7010 (2013)

23.	 J. Klems, M. Johnston; Origin and Impact of Particle-to-Particle Variations in Composition Measurements with the Na-
no-Aerosol Mass Spectrometer, Analytical and Bioanalytical Chemistry 405:6995-7003 (2013)

24.	 S. Ehlert, J. Hölzer, J. Rittgen, M. Pütz, R. Schulte-Ladbeck, R. Zimmermann; Rapid on-Site Detection of Explosives on Sur-
faces by Ambient Pressure Laser Desorption and Direct Inlet Single Photon Ionization or Chemical Ionization Mass Spectro-
metry, Analytical and Bioanalytical Chemistry 405:6979-6993 (2013)

25.	 C. Bhardwaj, J. Moore, Y. Cui, G. Gasper, H. Bernstein, R. Carlson, L. Hanley; Laser Desorption Vuv Postionization Ms Ima-
ging of a Cocultured Biofilm, Analytical and Bioanalytical Chemistry 405:6969-6977 (2013)

26.	 A. Römpp, K. Schäfer, S. Guenther, Z. Wang, M. Köstler, A. Leisner, C. Paschke, T. Schramm, B. Spengler; High-Resolution 
Atmospheric Pressure Infrared Laser Desorption/Ionization Mass Spectrometry Imaging of Biological Tissue, Analytical and 
Bioanalytical Chemistry 405:6959-6968 (2013)

27.	 C. Schepler, M. Sklorz, J. Passig, G. Famiglini, A. Cappiello, R. Zimmermann; Flow Injection of Liquid Samples to a Mass 
Spectrometer with Ionization under Vacuum Conditions: A Combined Ion Source for Single-Photon and Electron Impact 
Ionization, Analytical and Bioanalytical Chemistry 405:6953-6957 (2013)

28.	 S. Klee, S. Albrecht, V. Derpmann, H. Kersten, T. Benter; Generation of Ion-Bound Solvent Clusters as Reactant Ions in 
Dopant-Assisted Appi and Apli, Analytical and Bioanalytical Chemistry 405:6933-6951 (2013)

29.	 M. Wiegelmann, J. Soltwisch, T. Jaskolla, K. Dreisewerd; Matching the Laser Wavelength to the Absorption Properties of Mat-
rices Increases the Ion Yield in Uv-Maldi Mass Spectrometry, Analytical and Bioanalytical Chemistry 405:6925-6932 (2013)

30.	 U. Boesl, A. Bornschlegl, C. Logé, K. Titze; Resonance-Enhanced Multiphoton Ionization with Circularly Polarized Light: 
Chiral Carbonyls, Analytical and Bioanalytical Chemistry 405:6913-6924 (2013)

31.	 T. Imasaka; Gas Chromatography/Multiphoton Ionization/Time-of-Flight Mass Spectrometry Using a Femtosecond Laser, 
Analytical and Bioanalytical Chemistry 405:6907-6912 (2013)

32.	 R. Zimmermann; Photo Ionisation in Mass Spectrometry: Light, Selectivity and Molecular Ions, Analytical and Bioanalytical 
Chemistry 405:6901-6905 (2013)

33.	 S. Wohlfahrt, M. Fischer, M. Saraji-Bozorgzad, G. Matuschek, T. Streibel, E. Post, T. Denner, R. Zimmermann; Rapid Com-
prehensive Characterization of Crude Oils by Thermogravimetry Coupled to Fast Modulated Gas Chromatography–Single 
Photon Ionization Time-of-Flight Mass Spectrometry, Analytical and Bioanalytical Chemistry 405:7107-7116 (2013)

34.	 T. Streibel, S. Mitschke, T. Adam, R. Zimmermann; Time-Resolved Analysis of the Emission of Sidestream Smoke (Sss) from 
Cigarettes During Smoking by Photo Ionisation/Time-of-Flight Mass Spectrometry (Pi-Tofms): Towards a Better Description 
of Environmental Tobacco Smoke, Analytical and Bioanalytical Chemistry 405:7071-7082 (2013)

35.	 C. Schepler, M. Sklorz, J. Passig, G. Famiglini, A. Cappiello, R. Zimmermann; Flow Injection of Liquid Samples to a Mass 
Spectrometer with Ionization under Vacuum Conditions: A Combined Ion Source for Single-Photon and Electron Impact 
Ionization, Analytical and Bioanalytical Chemistry 405:6953-6957 (2013)

36.	 R. Hertz-Schünemann, T. Streibel, S. Ehlert, R. Zimmermann; Looking into Individual Coffee Beans During the Roasting 
Process: Direct Micro-Probe Sampling on-Line Photo-Ionisation Mass Spectrometric Analysis of Coffee Roasting Gases, 
Analytical and Bioanalytical Chemistry 405:7083-7096 (2013)
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37.	 M. Fischer, S. Wohlfahrt, M. Saraji-Bozorgzad, G. Matuschek, E. Post, T. Denner, T. Streibel, R. Zimmermann; Thermal Ana-
lysis/Evolved Gas Analysis Using Single Photon Ionization, Journal of Thermal Analysis and Calorimetry 113:1667-1673 (2013)

38.	 S. Ehlert, J. Hölzer, J. Rittgen, M. Pütz, R. Schulte-Ladbeck, R. Zimmermann; Rapid on-Site Detection of Explosives on Sur-
faces by Ambient Pressure Laser Desorption and Direct Inlet Single Photon Ionization or Chemical Ionization Mass Spectro-
metry, Analytical and Bioanalytical Chemistry 405:6979-6993 (2013)

39.	 M. Elsasser, C. Busch, J. Orasche, C. Schön, H. Hartmann, J. Schnelle-Kreis, R. Zimmermann; Dynamic Changes of the Ae-
rosol Composition and Concentration During Different Burning Phases of Wood Combustion, Energy & Fuels 27:4959-4968 
(2013)

40.	 C. Schuster, M. Kirchner, G. Jakobi, A. Menzel; Frequency of Inversions Affects Senescence Phenology of Acer Pseudoplata-
nus and Fagus Sylvatica, International Journal of Biometeorology:1-14 (2013)

41.	 J. Kleeblatt, S. Ehlert, J. Holzer, M. Sklorz, J. Rittgen, P. Baumgartel, J.K. Schubert, R. Zimmermann; Investigation of the 
Photoionization Properties of Pharmaceutically Relevant Substances by Resonance-Enhanced Multiphoton Ionization Spec-
troscopy and Single-Photon Ionization Spectroscopy Using Synchrotron Radiation, Applied Spectroscopy 67:860-872 (2013)

42.	 S. Ly-Verdú, A. Schaefer, M. Kahle, T. Groeger, S. Neschen, J.M. Arteaga-Salas, M. Ueffing, M.H. de Angelis, R. Zimmer-
mann; The Impact of Blood on Liver Metabolite Profiling – a Combined Metabolomic and Proteomic Approach, Biomedical 
Chromatography 28:231-240 (2013)

43.	 M. Schäffer, T. Gröger, M. Pütz, R. Zimmermann; Assessment of the Presence of Damiana in Herbal Blends of Forensic Inte-
rest Based on Comprehensive Two-Dimensional Gas Chromatography, Forensic Toxicology 31:251-262 (2013)

44.	 G.A. Ferron, S. Upadhyay, R. Zimmermann, E. Karg; Model of the Deposition of Aerosol Particles in the Respiratory Tract of 
the Rat. Ii. Hygroscopic Particle Deposition, Journal of Aerosol Medicine and Pulmonary Drug Delivery 26:101-119 (2013)

45.	 M. Konus, C. Koy, S. Mikkat, M. Kreutzer, R. Zimmermann, M. Iscan, M.O. Glocker; Molecular Adaptations of Helicoverpa 
Armigera Midgut Tissue under Pyrethroid Insecticide Stress Characterized by Differential Proteome Analysis and Enzyme 
Activity Assays, Comparative Biochemistry and Physiology Part D: Genomics and Proteomics 8:152-162 (2013)

46.	 R.M. Qadir, G. Abbaszade, J. Schnelle-Kreis, J.C. Chow, R. Zimmermann; Concentrations and Source Contributions of 
Particulate Organic Matter before and after Implementation of a Low Emission Zone in Munich, Germany, Environmental 
Pollution 175:158-167 (2013)

47.	 M. Bobu, A. Yediler, I. Siminiceanu, F.F. Zhang, S. Schulte-Hostede; Comparison of Different Advanced Oxidation Processes 
for the Degradation of Two Fluoroquinolone Antibiotics in Aqueous Solutions, Journal of Environmental Science and Health 
Part a-Toxic/Hazardous Substances & Environmental Engineering 48:251-262 (2013)

48.	 J. Orasche, J. Schnelle-Kreis, C. Schön, H. Hartmann, H. Ruppert, J.M. Arteaga-Salas, R. Zimmermann; Comparison of 
Emissions from Wood Combustion. Part 2: Impact of Combustion Conditions on Emission Factors and Characteristics of 
Particle-Bound Organic Species and Polycyclic Aromatic Hydrocarbon (Pah)-Related Toxicological Potential, Energy and 
Fuels 27:1482-1491 (2013)

49.	 M. Crippa, P.F. DeCarlo, J.G. Slowik, C. Mohr, M.F. Heringa, R. Chirico, L. Poulain, F. Freutel, J. Sciare, J. Cozic, C.F. Di Marco, 
M. Elsasser, J.B. Nicolas, N. Marchand, E. Abidi, A. Wiedensohler, F. Drewnick, J. Schneider, S. Borrmann, E. Nemitz, R. 
Zimmermann, J.L. Jaffrezo, A.S.H. Prevot, U. Baltensperger; Wintertime Aerosol Chemical Composition and Source Apporti-
onment of the Organic Fraction in the Metropolitan Area of Paris, Atmospheric Chemistry and Physics 13:961-981 (2013)

50.	 J. Gu, J. Schnelle-Kreis, M. Pitz, J. Diemer, A. Reller, R. Zimmermann, J. Soentgen, A. Peters, J. Cyrys; Spatial and Temporal 
Variability of Pm10 Sources in Augsburg, Germany, Atmospheric Environment 71:131-139 (2013)

51.	 A.-G. Lenz, E. Karg, E. Brendel, H. Hinze-Heyn, K.L. Maier, O. Eickelberg, T. Stoeger, O. Schmid; Inflammatory and Oxida-
tive Stress Responses of an Alveolar Epithelial Cell Line to Airborne Zinc Oxide Nanoparticles at the Air-Liquid Interface: A 
Comparison with Conventional, Submerged Cell-Culture Conditions, BioMed Research International 2013:1-12 (2013)

52.	 A. Li, M. Chen, W. Guo, R. Zimmermann; Detection of Polycyclic Aromatic Hydrocarbons in a Soil Sample with Photon Ioni-
zation Technique, Journal, Applied Mechanics and Materials, W.-P. Sung, R. Chen, Scientific.Net, Dürnten-Zurich, Switzer-
land: 271:112-115 (2013)

53.	 R. Schubert, H. Schwöbel, A. Mau-Moeller, M. Behrens, P. Fuchs, M. Sklorz, J.K. Schubert, S. Bruhn, W. Miekisch; Metabolic 
Monitoring and Assessment of Anaerobic Threshold by Means of Breath Biomarkers, Metabolomics 8:1069-1080 (2012)

54.	 S. Oeder, R.A. Jorres, I. Weichenmeier, G. Pusch, W. Schober, F. Pfab, H. Behrendt, R. Schierl, A. Kronseder, D. Nowak, S. 
Dietrich, E. Fernandez-Caldas, J. Lintelmann, R. Zimmermann, R. Lang, J. Mages, H. Fromme, J.T. Buters; Airborne Indoor 
Particles from Schools Are More Toxic Than Outdoor Particles, Am J Respir Cell Mol Biol 47:575-82 (2012)
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55.	 A. Fendt, R. Geissler, T. Streibel, M. Sklorz, R. Zimmermann; Hyphenation of Two Simultaneously Employed Soft Photo 
Ionization Mass Spectrometers with Thermal Analysis of Biomass and Biochar, Thermochimica Acta 551:155-163 (2013)

56.	 M. Elsasser, M. Crippa, J. Orasche, P.F. DeCarlo, M. Oster, M. Pitz, J. Cyrys, T.L. Gustafson, J.B.C. Pettersson, J. Schnel-
le-Kreis, A.S.H. Prévôt, R. Zimmermann; Organic Molecular Markers and Signature from Wood Combustion Particles in 
Winter Ambient Aerosols: Aerosol Mass Spectrometer (Ams) and High Time-Resolved Gc-Ms Measurements in Augsburg, 
Germany, Atmos. Chem. Phys. 12:6113-6128 (2012)

57.	 T.W. Adam, M. Clairotte, T. Streibel, M. Elsasser, A. Pommeres, U. Manfredi, M. Carriero, G. Martini, M. Sklorz, A. Krasen-
brink, C. Astorga, R. Zimmermann; Real-Time Analysis of Aromatics in Combustion Engine Exhaust by Resonance-Enhan-
ced Multiphoton Ionisation Time-of-Flight Mass Spectrometry (Rempi-Tof-Ms): A Robust Tool for Chassis Dynamometer 
Testing, Analytical and Bioanalytical Chemistry 404:273-276 (2012)

58.	 J. Rittgen, M. Pütz, R. Zimmermann; Identification of Fentanyl Derivatives at Trace Levels with Nonaqueous Capillary Elec-
trophoresis-Electrospray-Tandem Mass Spectrometry (Msn, N=2, 3): Analytical Method and Forensic Applications, Electro-
phoresis 33:1595-1605 (2012)

59.	 P.B.C. Forbes, E.W. Karg, R. Zimmermann, E.R. Rohwer; The Use of Multi-Channel Silicone Rubber Traps as Denuders for 
Polycyclic Aromatic Hydrocarbons, Analytica Chimica Acta 730:71-79 (2012)

60.	 S. Krug, G. Kastenmuller, F. Stuckler, M.J. Rist, T. Skurk, M. Sailer, J. Raffler, W. Romisch-Margl, J. Adamski, C. Prehn, T. 
Frank, K.H. Engel, T. Hofmann, B. Luy, R. Zimmermann, F. Moritz, P. Schmitt-Kopplin, J. Krumsiek, W. Kremer, F. Huber, U. 
Oeh, F.J. Theis, W. Szymczak, H. Hauner, K. Suhre, H. Daniel; The Dynamic Range of the Human Metabolome Revealed by 
Challenges, Faseb Journal 26:2607-2619 (2012)

61.	 T. Weise, M. Kai, A. Gummesson, A. Tröger, S.v. Reuß, S. Piepenborn, F. Kosterka, M. Sklorz, R. Zimmermann, W. Francke, 
B. Piechulla; Volatile Organic Compounds Produced by the Phytopathogenic Bacterium Xanthomonas Campestris Pv. Vesi-
catoria 85-10, Beilstein J. Org. Chem. 2012:579–596 (2012)

62.	 M. Schäffer, T. Gröger, M. Pütz, S. Dieckmann, R. Zimmermann; Comparative Analysis of the Chemical Profiles of 
3,4-Methylenedioxymethamphetamine Based on Comprehensive Two-Dimensional Gas Chromatography-Time-of-Flight 
Mass Spectrometry (Gcxgc-Tofms), Journal of Forensic Sciences 57:1181-1189 (2012)

63.	 S. Takenaka, W. Möller, M. Semmler-Behnke, E. Karg, A. Wenk, O. Schmid, T. Stöger, L. Jennen, M. Aichler, A. Walch, S. 
Pokhrel, L. Mädler, O. Eickelberg, W.G. Kreyling; Efficient Internalization and Intracellular Translocation of Inhaled Gold 
Nanoparticles in Rat Alveolar Macrophages, Nanomedicine 7:855-865 (2012)

64.	 S. Oeder, S. Dietrich, I. Weichenmeier, W. Schober, G. Pusch, R.A. Jorres, R. Schierl, D. Nowak, H. Fromme, H. Behrendt, 
J.T. Buters; Toxicity and Elemental Composition of Particulate Matter from Outdoor and Indoor Air of Elementary Schools in 
Munich, Germany, Indoor Air 22:148-58 (2012)

65.	 C. Busch, T. Streibel, C. Liu, K.G. McAdam, R. Zimmermann; Pyrolysis and Combustion of Tobacco in a Cigarette Smoking 
Simulator under Air and Nitrogen Atmosphere, Analytical and Bioanalytical Chemistry 403:419-430 (2012)
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Seminars

Seminar of the Joint Mass Spectrometry Centre and the Helmholtz Virtual Institute HICE

The seminar takes place at the Institute of Chemistry, Albert Einstein Str. 3a, 18059 Rostock, once a week. These lectures are trans-
mitted to the Helmholtz Zentrum München as well as to the partners of the Helmholtz Virtual Institute HICE via video conferencing. 

Summer term 2012

# Date / Time Speaker Title

1 10.04.2012 Prof. Dr. Hans-Gerd Janssen
Unilever Ltd./Univ. Amsterdam,
Niederlande 

Modern analytical separation systems: Clever combina-
tions of chromatographic dimensions with mass spectro-
metry and chemometrics

- 17. / 18.04.2012 Lecture series and workshop „Light and Molecular Ions: Photoionisation in Mass Spectrometry“
Invited speakers: 

Prof. K. Dreisewerd, Prof. T. Imasaka, Dr. J. Sayage, Prof. M. Johnston, Prof. B. Spengler, Prof. 
U. Boesl, Prof. L. Hanley, Prof. Qi, Prof. T. Benter, Prof. G. Suizdak, Dr. A.Walte, Dr. T. Streibel – 
organized and moderated by Prof. R Zimmermann 

Analytica Conference München and Helmholtz Zentrum München 

2 24.4.2012
17:30 h

Prof. Dr. Hartmut Herrmann 
IfT, Leipzig

Invited by Prof. Detlef Schulz-Bull,  
Leibniz-Institut für Ostseeforschung 
Warnemünde (IOW)

Tropospherical multiphase chemistry in laboratory stu-
dies, model development and field experiments 

3

4

08.05.2012
10:15 h

10:45 h

Prof. Dr. R. Zimmermann 

Dr. Wolfgang Kreyling

Das virtuelle Institut HICE: Hintergrund, Struktur und 
wissenschaftliche Ziele“

Gesundheitswirkungen von Aerosolen und Feinstäuben

Lectures in the framework of the inauguration of the 
Virtual Institute HICE at the IOW

5 08.05.2012
17:30 h

Dr. Hanns-Rudolf Paur 
KIT, Karlsruhe

Measurement of Charged Nanoparticles in Flames and 
Plasma by Particle Mass Spectrometry  

6 15.05.2012 Dr. Andre Prevot 
Paul Scherrer Institut (PSI)
Villingen, Schweiz

Particulate Emissions and secondary organic aerosol 
formation potential of wood burning and vehicles

7 05.06.2012 Prof. Alfredo Sanz-Mendel
Universität Oviedo, Spanien

Pulsed Glow Discharges- Mass Spectrometry: applica-
tions for integral speciation and nano-structure charac-
terization

8 19.06.2012 Dr. Riaan Becker 
Sasol Ltd., Sasolburg, Südafrika

The application of comprehensive two-dimensional 
gas chromatography (GCxGC) for the analysis of Fi-
scher-Tropsch process streams
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Summer term 2012

# Date / Time Speaker Title

9 26.06.2012 Prof. Dr. Stephan Denifl 
Universität Innsbruck, Österreich

Low energy electron induced reactions in molecules and 
clusters

10 02.07.2012 Dr. Gunnar Weibchen 
Waters GmbH, Eschborn

Invited by Prof. Michael Glocker,  
University of Rostock (UR)

Ion-Mobility Spectrometry coupled with Mass Spectro-
metry – Technical Background and Applications

Winter term 2012 / 2013

# Date/ Time Speaker Title

1 23.10.2012 GDCh Fresenius Lecture: 

Prof. Dr Ulrich Panne
Humboldt Universität Berlin/BAM

„Nie wieder Dienstmagd“ – Analytical Sciences for real 
world problem solving

2 30.10.2012 Prof. Dr Thorsten Hoffmann
Universität Mainz

Development and Application of Aerosol Mass Spectro-
metry for Atmospheric Research

3 06.11.2012 Dr. Mark Libardoni, 
NW-Laboratories, USA

The Role of Mass Spectrometry in Solar System Geoche-
mistry and Planetary Atmospheres – Past Missions to 
State of the Art Instrument Development

4 20.11.2012 Dr. Carsten Weiss
KIT-Karlsruhe Inst. für Technologie

Toxicology of inorganic nanoparticles

5 27.11.2012 Prof. Dr. Michael Przybylski
Universität Konstanz

Ion Mobility- Mass Spectrometry and Affinity- Mass 
Spectrometry: New Tools for elucidation of structures 
and reaction pathways of “misfolding” – aggregating 
neurodegenerative proteins

6 11.12.2012 Dr. Jonathan Williams  
Max-Planck-Institut für Chemie 

Atmospheric Chemistry of a forest and a football match, 
measured by mass spectrometry

7 18.12.2012 Dr. Thomas Krinke
TSI GmbH, Aachen

Aerosols – Fundamentals and measurement 
approaches

8 08.01.2013 GDCh Fresenius Lecture: 

Prof. Dr. Renato Zenobi,
ETH Zürich, Switzerland

The power of one - Single cell metabolomics by mass 
spectrometry

9 15.01.2013 Prof. Dr. Douglas Worsnop
University of Helsinki, Finland

Mass spectrometry of atmospheric aerosols 1nm - 1µm

10 22.01.2013 PD Dr. Bernd Scheider 
Max Planck Institute Jena 

Spectroscopic analysis of metabolite profiles in plant 
cells and on surfaces
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Summer term 2013

# Date/ Time Speaker Title

1 16.04.2013 Dr. Ales Svatos
MPI for Chemical Ecology, Jena

Invited by Prof. Peter Leinweber/UR

Mass spectrometric imaging of metabolites

2 23.04.2013 Dr. Thomas Zeuch
Universität Göttingen

Structure and dynamics of species that initiate soot 
formation and water aggregation

3 29.04.2013 Dr. Claudia Maier
Oregon State University, USA

Invited by Prof. Michael Glocker/UR

Chemical Strategies and Mass Spectrometry for Explo-
ring the Oxidative Stress Response

4 07.5.2013 Dr. Bert Ungethüm
Airsense Analytics GmbH, Schwerin

Ion mobility spectrometry: 
Technique and applications

5 21.05.2013 Prof. Dr. Andrea Sinz
Universität Halle

Invited by Prof. Michael Glocker/UR

Chemical Cross-Linking and Mass Spectrometry: A Fruit-
ful Combination for Protein 3D-Structure Analysis

6 28.05.2013 Prof. Dr. Hans-Gerd Löhmannsröben
Universität Potsdam

Laser spectroscopy and fibre-optical sensing for (bio)
chemical diagnostics

7 04.06.2013 Dr. Olli Sippula
Universität  Rostock and 
University of Eastern Finland

Particulate emissions from a marine diesel engine - Che-
mical characterization and comparison to other combus-
tion processes

8 25.06.2013 Prof. Dr. Jorma Jokiniemi
University of Eastern Finland 

Physical and Chemical Properties of Fine Particles Emit-
ted from Small Scale Biomass Combustion

9 01.07.2013 GDCh Fresenius Lecture: 

Prof. Dr. Oliver Schmitz
Universität Duisburg-Essen

Atmospheric-pressure laser ionization (APLI) in trace 
analysis: scientific findings, latest developments and 
outlook 

10 02.07.2013 Dr. Alexander Makarov
Thermo Inc., Bremen

Past, present and future of Orbitrap mass spectrometry
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Winter term 2013 / 2014

# Date/ Time Speaker Title

1 22.10.2013
R 201

Prof. Dr. Eric Reiner 
Environment Canada, Toronto/
Canada

The Analysis of Persistent Halogenated Organics – Past, 
Present and Future	

2 5.11.2013
R 201

Prof. Dr. Detlef Günther, 
ETH, Zürich/Switzerland

Micro to Nano-scale Analysis using ICP-MS and Lasers

3 12.11.2013
R 201

Prof. Dr. Richard W. Vachet 
University of Massachusetts/USA

Invited by Prof. Michael Glocker/UR

Using Mass Spectrometry to Study Protein Amyloid 
Formation

4 26.11.2013
R 201

Dr. Jens Kruse 
University of Rostock/Germany 

Synchrotron based X-ray absorption spectroscopy for 
speciation of C, N and P in environmental samples

5 10.12.2013
18:15 h
R 201

Prof. Dr. Jan Pettersson 
University of Gothenburg/Sweden

Studying Aerosols with Surface Ionization Methods – 
New Tools for Atmospheric and Combustion Research

6 07.01.2014
R 201

Dr. Antony Dufour
CNRS/INPL Nancy/ France

Analysis of biomass pyrolysis products by advanced 
mass spectrometry

7 14.01.2014
R201

Prof. Dr. Caroline Huhn
University of Tübingen/ Germany

Capillary electrophoresis - mass spectrometry as a ver-
satile tool for the analysis of complex samples

8 16.01.2014
Thursday
HS 001

Institute-Colloquium: 

Dr. Thorsten Streibel
University of Rostock/Germany

Photoionisierung-Massenspektrometrie für die Analy-
se organischer Spuren-komponenten aus thermischen 
Prozessen

9 21.01.2014
R 201

Dr. Angela Vogts 
Institut für Ostseeforschung- 
Warnemünde

NanoSIMS: principles and applications

10 23.01.2014
Thursday
HS 001

GDCh Colloquium: 

Prof. Dr. Christine Achten
University of Münster/Germany 

PAK – Empfindliche Messmethode mittels GC-APLI-MS 
und Bioverfügbarkeit aus Kohle

11 27.1.2014
Monday 
R 201

Prof. Dr. Ralf Zimmermann
University of Rostock / Helmholtz 
Zentrum München

Health effects of Ship Diesel emission: A combined com-
prehensive physical-chemical and molecular biological 
study in the framework of the HICE Project
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HICE
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Facts:

•	 Helmholtz Virtual Institute in Aerosol & Health Research
•	 Funded by the Helmholtz Association with 3.000.000 Euros
•	 Led by the Helmholtz Zentrum München and the University of Rostock
•	 Cooperation with eight partners and six associated partners
•	 Started in January 2012 as a five-year project
•	 www.hice-vi.eu

Research goals:

•	 Elucidation of the molecular mechanisms and agents in combustion aerosols relevant for the 
observed health effects

•	 Identification of biomarkers for exposure and health effects
•	 Evaluation of the relative toxicological potential of different anthropogenic aerosol sources

Scientific hypotheses:

1.	 Reactive organic compounds in ambient aerosols, present either in the gas phase or the particle 
phase or in both phases, are particularly relevant for the induction of the observed adverse health 
effects.

2.	 Synergistic effects of reactive organic compounds in the gas phase and the particulate phase play 
an important role in causing these effects.

3.	 Expected increase of biofuel & biomass (“Energiewende”) will change the composition and  
properties of aerosols and may enhance or modify aerosol-related health effects.

4.	 The nature of the refractory solid carbonaceous material (black elemental carbon/soot) has  
important effects on the biological and health effects of combustion derived particulate matter  
due to its ability to transport adverse chemicals into cells (e.g. via phagocytosis)

Innovative methodological concepts:

1.	 Health effect mechanisms can be studied by exposing human lung cell cultures to freshly emitted 
aerosols. The determination of the biological response is combined with a comprehensive chemical 
and physical analysis of the aerosol. The obtained data is subjected to a joint bio-statistical data 
analysis and leads finally by a systems biological mechanism and effect modeling. 

2.	 Application and improvement of highly sensitive stable isotope-labeling methods for the detection 
of biological responses and elucidation of the underlying mechanisms

3.	 State-of-the-art exposure of human lung cell models at the air-liquid interface (ALI) provides a 
realistic model for aerosols inhaled into the lung by simulating the relevant primary effects in the 
lung tissue and can replace animal tests

HICE

Exposure to particulate matter (PM) decreases the life expectancy of  
every person by an average of 8 month in Europe, mostly due to increased 
risk of cardiovascular and respiratory diseases, and lung cancer.
										              	                    (WHO Europe)
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Partners

•	 Helmholtz Zentrum München, DE
•	 University of Rostock, DE
•	 Technische Universität München: ZAUM – Center for Allergy and Environment, DE
•	 Karlsruhe Institute of Technology, DE
•	 	Max Delbrück Center Berlin-Buch, DE
•	 	University of Luxembourg, LU
•	 	Cardiff University, GB
•	 	University of Eastern Finland, FI

Associated Partners:

ASG Analytik-Service Gesellschaft mbH, DE; Decodon GmbH, DE; European Commission:  
Joint Research Center, IT; Leibniz Institute for Baltic Sea Research, DE; Photonion GmbH, DE;  
Vitrocell Systems GmbH, DE
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Aims

The objective of the “Helmholtz Virtual Institute 
of Complex Molecular Systems in Environmental 
Health – Aerosol and Health” (HICE) is the es-
tablishment of a long-term, multi-disciplinary 
scientific research initiative for the investigation 
of the mechanisms of health effects and diseases 
caused by air pollution. In this respect, HICE fo-
cuses on a deeper understanding of the impact 
of anthropogenic aerosols on human health. 

Adverse health effects caused by air pollution 
represent a serious worldwide problem. Com-
bustion aerosols have been identified to be 
particularly potent in this context. Aerosols are 
suspensions of micro- or nanoparticles (fine 
dust) in gas. Based on current knowledge, parti-
culate matter (PM), organic and inorganic or re-
active organic compounds in the particles as well 
as in the gas phase of aerosols are suspected to 
be health relevant factors. Although such effects 
of aerosols are well documented, little is known 
about the exact mechanisms of health effects 
induction and the bioactive chemical species or 
factors. The investigation of aerosol induced bio-
logical effects is a challenging multi-disciplinary 
approach. This is due to the vast complexity of 
the anthropogenic ambient aerosol itself and the 
highly complicated interaction of particles and 
gases with the human lung tissue. However, the 
public health and socio-economic relevance of 
this environmental health topic motivates larger 
coordinated multi-disciplinary research activi-
ties in this field.

Consortium

The multi-disciplinary consortium of the Helm-
holtz Virtual Institute HICE is based on the core 
cooperation (Joint Mass Spectrometry Centre) of 
the Helmholtz Zentrum München (HMGU) and 
the University of Rostock (UR). The consortium is 
augmented by the incorporation of outstanding 
further Helmholtz partners (Max Delbrück Cen-
tre, MDC and Karlsruhe Institute of Technology, 
KIT) and University partners (Technical Universi-
ty Munich, TUM) as well as by excellent foreign 
institutions (University of Luxemburg, ULUX, 
University of Eastern Finland, UEF and University 
of Cardiff, UCA). The consortium is further com-
pleted by associated partners from industry and 
additional research institutes. Researchers from 
a multitude of scientific disciplines are required 
to solve the scientific and technological chal-
lenges. Thus analytical-, environmental-, and 
technical-chemists, engineers, aerosol scien-
tists, physicists, molecular biologists, medical 

scientists, biologists and toxicologists are wor-
king together in HICE. For the Virtual Institute 
HICE new organisational structures were imple-
mented to ensure the successful amalgamation 
of the research groups from different scientific 
disciplines to one interacting multi-disciplinary 
institute. 

Management Structure

The management structure is based on work 
packages (WP), exhibiting an own leading struc-
ture supervised by a joint HICE Scientific Steering 
Board. A project manager ensures proper admi-
nistration of the scientific work in the WP and 
the educational measures implemented in HICE. 

Scientific concept

The scientific concept of HICE is based on gene-
ration and joint analysis of comprehensive data 
on the properties of relevant anthropogenic ae-
rosols and the molecular-biological response of 
lung cells on exposure to these aerosols. There-
fore human lung cell cultures/tissue models are 
exposed to diluted combustion aerosols directly 
at the emission source, using a unique, mobile 

 
Helmholtz Virtual Institute of 

Complex Molecular Systems in Environmental Health - 
HICE

Virtual Institute Scientific Steering Board (VISB)

Spokesperson HICE: Prof. Dr. Ralf Zimmermann (HMGU, UR)
    Spokespersons Work Packages I-IV   

Virtual Institute Management and Administration (VIMA)
 

Project Management: Sorana Scholtes

Work Package I
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Characterisation

Speaker 

1. Prof. Jorma 
Jokiniemi (UEF)

2. Dr. Thorsten 
Streibel (UR)

Work Package III

Small Molecules 
and Stable Iso-
tope Labelling

Speaker

1. Dr. Gunnar 
Dittmar (MDC)
 
2. Dr. Patrick 
Richthammer 

Work Package II

Exposure and 
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Speaker

1. Dr. Hanns-
Rudolf Paur (KIT)

2. Prof. Dr. Jeroen 
Buters (TUM)
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Chemometry and 
Biostatistics

Speaker

1. Prof. Dr. Olaf 
Wolkenhauer (UR)

2. Dr. Manuel 
Arteaga (HMGU)

Overview

Scientific and administration management of HICE
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air-liquid interface (ALI) exposure unit and a mo-
bile S2-biosafety laboratory (developed/build by 
HICE). The cells are differentially exposed to the 
full aerosol, the separated gas phase and clean 
air, respectively, in order to differentiate partic-
le and gas phase effects. The composition and 
physical properties of the aerosol as well as the 
response of the biological systems are investiga-
ted comprehensively by state-of-the art analytical 
and bio-analytical techniques. The biological res-
ponses and the toxicological effects are compre-
hensively detected on different biological levels 
(transcriptome, proteome, metabolome, toxicolo-
gical parameters). Innovative stable isotope label-
ling approaches are applied for detection of flux 
changes in the metabolism and precise detection 
of regulation in the proteome. The complex bio-
logical response data is bio-statistically analysed 
in conjunction with the chemometrical analysis of 
the comprehensive chemical and physical data of 
the exposure aerosol in order to identify biomar-
kers of exposure, harm and disease. The obtained 
multidimensional data sets are subsequently 
further exploited as input for a system-biological 
modelling of aerosol induced disease formation. 

In summary the HICE approach is forging a brid-
ge from understanding the chemical composition 
of aerosols to the comprehension of the adverse 
human health effects.

The vast complexity of ambient aerosols, of the 
lung tissue-particulate matter interaction and of 
the underlying health effects mechanisms as well 
as the importance of anthropogenic aerosols for 
public health render the research field to be of 
extreme complexity and multi-disciplinarity but 
also of large importance. 

Strategic plan

In the future, HICE shall study important en-
vironmental health questions, in particular in 
the field of “Aerosol and Health”. This includes 
addressing of further relevant aerosol sources, 
such as secondary aerosols (SOA) and non-com-
bustion generated particles (e.g. entrainment), 
the development and application of improved 
cellular assays for health-effect evaluation, the 
improvement of analytical, molecular biological 
and instrumental methods and the application of 
statistical data analysis, data mining and system 
biological models.The strategic plan of the virtu-
al institute HICE for the times after the HGF-INF 
funding period is based on the strengthening of 
the backbone cooperation between the Helm-
holtz Zentrum München and Rostock University 
(e.g. by establishing of a Helmholtz Institute) and 
on the other hand on keeping the consortium to-
gether and expanding it for future scientific co-
operation in international projects.

Joint data evaluation
chemometry / biostatistics 

Aerosol sources

Comprehensive 
chemical analysis

Comprehensive 
biological analysis

in-vitro 
Human lung cells

HICE research program

Exposure

Scheme of the HICE research program
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HICE Test Measurement Campaigns on Wood 
Combustion (KIT 2012):

Two measurement test campaigns were per-
formed at the KIT, investigating the effects of a 
wood combustion aerosol on two human lung 
epithelial cell lines (A549 and BEAS-2B). The ob-
jective of these test campaigns was to determine 
exposure conditions for the full, consortium-wi-
de HICE campaigns. The cells were exposed for 
4h (A549) and 2h (BEAS-2B), respectively, to 
1:10 diluted beech wood combustion aerosol. 
LDH release was measured directly after the 
end of exposure, and showed no acute toxicity 
for A549and BEAS-2B cells. The cells were then 
subjected to cytotoxicological (KIT), metabo-
lomics (ULUX) and proteomics (MDC) analyses. 
The cytotoxicological and ‘omics results indica-
ted that significant biological effects are induced, 
although no acute toxicity was observed. 

HICE Test Measurement Campaign on Ship  
Diesel Emissions (UR 2012):

A first campaign on marine engine emissions 
was carried out in June 2012 at the University 
of Rostock, utilizing a single-cylinder research 
ship-diesel engine. The main objectives were to 
get insight into the emission levels from the en-
gine and to find out how representative the en-
gine would be in comparison to real-world ship 
emissions. 

The experiments were conducted with heavy fuel 
oil (HFO) containing 2.7% of sulfur and 270 ppm 
Vanadium as well as with a conventional diesel 
fuel according to EN590. The engine was opera-
ted at nominal speed and at engine loads ranging 
from “idle” to 100 %. The exhaust gas was analy-
zed with single gas analyzers for O2, CO, NOX and 
total hydrocarbons (THC). Volatile and semi-vo-
latile organic species were measured online with 
a resonance-enhanced multiphoton ionization 
time-of-flight mass spectrometer (REMPI-ToF-

Status and Results

Figure 1: Experimental set-up und concept of the study. An 80 KW common-rail ship-diesel engine (I) was operated either with 
heavy fuel oil (HFO) or a highly refined diesel fuel (DF). The exhaust aerosols were diluted and cooled with clean air (II) and were 
synchronously subjected to physical and chemical analysis (III) as well to human lung cell exposure experiments at an air-liquid 
interface (ALI) (IV). Human bronchial cell lines were exposed for 4h and characterized using transcriptomics, proteomics and meta-
bolomics (V). The vertical bars at the right depict the respective up- and down regulation for both fuel aerosols. DF shows more of 
such regulations than HFO for all investigated hierarchic ‘omics levels.
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Figure 2: Chemical and 
physical aerosol characte-
rization. a, The ship diesel 

engine was operated for 4h 
according to the IMO-test 
cycle. b, About 28 and 56 

ng/cm2 for DF and HFO 
respectively were delivered 

to the cells with different 
size distributions. HFO 

contained predominantly 
particles with <50nm and 

DF predominantly with 
>200nm, both in mass 

and number. c, Number of 
chemical species in the EA 
particles. d, Transmission 

electron microscope-images 
(TEM) and energy-disper-
sive X-ray spectra (EDX) of 
DF-EA and HFO-EA; heavy 
elements (black speckles, 

arrow); contributions of 
elements V, P, Fe and Ni in 

HFO particles using EDX (*= 
grid-material). e, Exemplary 

EA concentrations (right) 
and concentration ratios 

(left) for particulate matter 
bound species. All experi-

ments n=3.

MS) and a proton transfer reaction mass spec-
trometer (PTR-MS). Particulate samples were 
collected on filters and analyzed for inorganic 
and organic species by chromatographic and 
spectroscopic methods. Furthermore, a novel 
setup combining a thermal-optical carbon analy-
zer with a REMPI-ToF-MS was applied for simul-
taneous quantification of organic and elemental 
carbon and their molecular aromatic compositi-
on (Grabowsky et al. 2013). Measured particulate 
matter (PM) emission factors were generally on 
a similar level as the real-world emission factors 
reported in literature (Agrawal et al. 2008). The 
effect of load conditions on PM was found to be 
similar as in earlier studies performed with real 
large-scale marine engines (Sarvi et al. 2008). 
PM emissions from DF operation were mainly 
composed of relatively volatile organic species 
and elemental carbon (soot). PM emissions with 
HFO on the other hand, contained large amounts 
of low-volatile organic species, sulfuric acid and 
various transition metals originating from the 
fuel, while the soot emissions were relatively 

low. Depending on engine load, total PM emissi-
ons from HFO operation were 3-35 times higher 
than from DF operation, and inorganic species 
being released from HFO which generate sub-
stantial sulfuric acid and metal emissions. HFO 
usage also generated drastically higher emissi-
ons of known hazardous species (PAH, Oxy-PAH, 
N-PAH, transition metals), but, interestingly, lo-
wer soot emissions.

HICE-consortium-wide measurement campaign 
on ship diesel aerosol emissions (UR 2012) 

The four-stroke research ship-diesel engine at 
the University of Rostock, which was used for 
the test campaign, was also taken for the con-
sortium-wide campaign in November 2012. The 
engine was operated with either HFO (HFO 180) 
containing 1.6% sulfur, or DF containing less 
than 0.001% sulfur in compliance with the 2014 
IMOSECA-legislation (DIN EN590). DF contained 
3.2% plant oil methyl ester. The main objective 
of this campaign was to study the biological re-
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sponse of human lung cell cultures when expo-
sed to ship diesel-generated aerosols. This was 
accompanied by applying a wide range of ana-
lytical instrumentation for the chemical and phy-
sical characterization of both gas and particula-
te phases, covering as many substance classes 
and physical parameters as possible by applying 
selective methods. A new aerosol sampling se-
tup was designed and taken into operation for 
the campaign. Cell exposure and monitoring of 
gaseous and particulate constituents of the ae-
rosol was carried out on-line, and particles were 
sampled on filters for subsequent detailed labo-
ratory analysis. The scheme depicted in Figure 
1 gives an overview of the campaign setup. An 
overview of selected results of physical and che-
mical characterization of ship diesel aerosol is 
given in Figure 2.

For the cell exposure, HICE has built Europe’s 
first mobile S2-biosafety laboratory hosting 
a mobile ALI cell exposure system (Paur et al. 
2011) with 18 simultaneously exposable cell cul-
ture positions (for clean air reference, filtered 
aerosols (gas only) and whole aerosols (gas and 
particles) exposure). 

It was shown that HFO-emissions contain more 
particle mass as well as higher concentrations 
of transition metals and organic chemicals, 
whereas elemental carbon-dominated particles 
(soot) prevailed in DF-emissions. Monitoring of 
the cellular response via transcriptomics, pro-
teomics, metabolomics and flux analysis (see 
Figure 1 right bars) revealed biological effects 
for HFO-emission particles especially on inflam-
mation and oxidative stress. Surprisingly, the 
effects of DF-emission particles were broader 
and towards basic cellular pathways compared 
to HFO-emission particles, suggesting that both, 
DF- and HFO-use evoke harmful health effects. 
The pathways are summarized in Figure 3. This 
result was highly unexpected, as the concentra-
tion of known toxic compounds in HFO-exhaust 
is much higher than in DF-exhaust. Currently 
switching from HFO to DF in coastal areas is pro-
moted in order to reduce adverse health effects. 
The results suggest that this might be an insuf-
ficient strategy from a public-health perspecti-
ve. At least reduction of soot particles from the 
emissions is highly recommended (e.g. via elec-
trostatic precipitation or filters). Currently model 
experiments are conducted to further study the 
role of the soot core itself and the organic adsor-
bates on the soot particles, using a special model 
burner (combustion aerosol standard, CAST) and 
ALI exposure tests of human lung cells.  

HICE Test Measurement Campaign on Passen-
ger Car and Truck emissions (JRC 2013): 

In order to evaluate the specific technical chal-
lenges of highly variable vehicle emissions, on-
line monitoring of gas phase aerosol constituents 
were conducted at the dynamometer installation 
of the Joint Research Centre at Ispra, Italy, in 
April 2013. Gasoline- and ethanol-powered pas-
senger cars were investigated and were started 
at room temperature as well as at a tempera-
ture of -7°C. Gaseous emissions of PAH, aliphatic 
hydrocarbons and carbonyls were monitored in 
real time (Figure 4). High emissions were ob-
served at the start of the engine, but dropped 
below the limit of detection after five minutes at 
the latest. Under cold start conditions, emissi-
ons were significantly higher and the decay of 
the signals took longer. Ethanol fueled cars also 
exhibited longer decay times compared to the 
use of gasoline fuel, and showed considerably 
enhanced carbonyl emissions. In this study, se-
veral innovative mass spectrometric techniques 
(PTR,SPI,REMPI) were directly compared and 
tested for suitability.  

HICE-consortium-wide measurement campaign 
on wood combustion emissions (UEF 2013):

The third major aerosol source, on which HICE 
focuses, is wood combustion. A measurement 
campaign took place in October 2013 at Univer-
sity of Eastern Finland, Kuopio. Emissions from a 
masonry heater and a pellet burner were charac-
terized. Three different sorts of wood, viz. beech, 
birch, and spruce, were combusted in the mason-
ry heat burner. The fuel used with the pellet bur-

Figure 3: Summary of main biological effects (pathways) 
upon exposure with HFO- or DF-particles. Arrows indicate 
the direction of regulation for cellular functions derived from 
most statistically significant enriched gene- ontology terms of 
transcriptome, proteome, and metabolome (x - up BEAS-2B, 
down A549; * - down BEAS- 2B, up A549)
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ner was soft wood pellets. In addition, aerosol 
was aged in a smoke chamber and characterized 
as well. Sampling strategy and cell exposure 
were similar to the ship diesel campaign. 

The results from this campaign currently are 
still under analysis. A preliminary comparison 
of diesel exhaust and wood combustion emis-
sion suggests stronger biological effects in the 
case of diesel emission aerosol. In the remaining 
funding period, HICE will address further rele-
vant emission sources such as passenger car- 
and heavy duty truck-emissions. The final joint 
analysis of the obtained comprehensive data on 
emission aerosol composition and the molecu-
lar biological response of human lung cells will 
be used for a system biological model of aerosol 
induced disease induction accompanied by li-
mited animal exposure validation experiments. 
The results from the evaluation of in-vitro-lung 
cell and in-vivo-model exposures subsequently 
shall be translated to human studies. Finally, the 
search for significant biomarkers for exposure, 
harm and disease will be continued.
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Figure 4: Time-dependent spectra of gaseous emissions using E75 in a car. At cold start conditions (-7°C), a variety of aromatic 
substances detected via REMPI-ToF-MS show strong signals which are several orders of magnitude higher compared to baseline 
concentrations during the driving cycle.
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2014: Focus on reproducibility experiments

HICE has obtained unexpected intriguing re-
sults in particular during the ship engine aerosol 
campaign. The data suggest a surprisingly pro-
minent role of freshly formed carbonaceous soot 
for the induction of adverse biological effects in 
human lung tissue. Therefore the influence of 
freshly-formed combustion soot and gaseous 
combustion products on human A549 lung cells 
is currently being investigated using a special, 
custom-developed model burner for liquid and 
gas fuel combustion (L-CAST). The human al-
veolar cell cultures are exposed at the air-liquid 
interface with the currently optimized ALI expo-
sure unit and the harvested material is subjected 
to the HICE-typical comprehensive ‘omics cha-
racterization (i.e. proteomic, transcriptomic and 
metabolomic as well as metabolic flux analyses). 
Furthermore, a detailed chemical and physical 
characterization of the L-CAST aerosol is perfor-
med. For future HICE field campaigns the L-CAST 
burner will be used as reference combustion ae-
rosol generator allowing a realistic and reprodu-
cible positive control. Therefore, special attenti-
on is placed on studying the reproducibility of 
the L-CAST aerosol generation in the remaining 
year 2014. Furthermore, experiments for the de-
termination of the deposition dose are conduc-
ted, as the previous measurements suggest that 
striving for a better dose precision will support 
the upcoming large HICE consortium measure-
ment campaign on automotive exhausts. 

Several further methodological optimizations 
are also being performed in 2014, based on the 
experiences from previously conducted expe-
riments. This includes better integration of the 
sampling of different biological molecules (RNA, 
proteins and metabolites) from the same harves-
ted cell extracts. In order to increase precision of 
biological effect determinations on the proteo-
me level, the stable isotope labeling approach 
(SILAC) is currently expanded to a triple-SILAC 
approach using two different labeled cultures in 
addition to the native culture. This allows a di-
rect, high-precision comparison of three cases, 
namely the clean air, filtered aerosol (gas phase) 
and whole aerosol (gas phase and particles) ex-
posure. Furthermore, the stable isotope labeling 
approach is currently extended from A549 al-
veolar epithelium cells (immortal cancer line) to 
the more realistically behaving BEAS2Bcell line 
which was immortalized by virus-transfection. 

2015: Focus on car fuel and bio fuel –  
comprehensive data analysis

The third year of the HICE program (2015) will 
start with another large HICE-consortium-wide 
measurement campaign (about February 2015). 
In this campaign aerosol emissions of passenger 
cars and their biological effects are targeted. In 
particular, the effects of biofuel bends are ad-
dressed. The increased content of chemically 
bound oxygen in the biofuel fraction is suspected 
to increase reactive oxygenated species in the 

Outlook

The Air-Liquid Interface 
(ALI) system in which the 
cells are exposed to emissi-
ons is constantly improved 
for the needs of HICE



83

aerosol (e.g. compounds such as formaldehyde 
or acrolein). Two diesel- and one gasoline-pow-
ered (flexi-fuel) passenger cars (or engine-test 
benches) operated reproducibly on a dynamo-
meter are on the test program. The gasoline car/
engine will be operated with different gasoline 
and ethanol mixtures ranging from pure petro-
chemical gasoline (E0) to 80% ethanol (E80). 
The fuel of the diesel car (Euro 4/5) will be also 
varied, from pure petrochemical diesel (B0) to 
biodiesel (RME)/petrochemical diesel blends 
(B10 etc.). Furthermore, a different diesel car/
engine will be used with different concentrations 
of biodiesel in the blend (B0, B50, B100). A549 
and BEAS2B human lung cells will be exposed. 
In order to minimize the noise in the biological 
effects determination, the extended stable isoto-
pe-labeling concept (triple-SILAC) will be used. 
An improved ALI-system (synergy with a techno-
logy transfer project between the HICE partners 
Vitrocell and KIT) will allow a better referencing. 

After the consortium campaign in the beginning 
of 2015 the comprehensive and joint analysis of 
the 4 large data sets (i.e. i) ship emission, ii) 
wood combustion, iii) reference burner/soot, iv) 
car emission/bio fuel) and several smaller data 
sets from the test campaigns will be a major 
task. On the methodological side, the implemen-
tation of methods from systems biology in the 
joint data analysis is planned. 

A more technological task is the implementation 
of an improved gas phase and particle separati-
on technology. Beyond the scope of HICE, this is 
supported by a recently granted project by the 

Deutsche Gesetzliche Unfallversicherung (DGUV) 
to the HICE coordinator (HMGU). The implemen-
tation of primary differentiated human lung 
cell-based assays is further fostered as well. This 
HICE activity is supported by a currently granted 
EU-Marie Curie post-doc project between the 
HICE partners UEF and UCAR. The enhancement 
of the chemical and biological characterization 
methodology and the development of on-line 
toxicity assays for ALI exposure as well as ex-
tension of the HICE concept to further health-re-
levant aerosol sources is also the main topic of 
a recently submitted HICE-consortium-wide pro-
posal for a large EU-Marie Curie International 
Training Network. 

2016: Focus on truck emissions – comprehensive 
data analysis

Starting with the last INF-funded year 2016 the 
last projected, highly relevant emissions sour-
ce, namely heavy-duty traffic is addressed in a 
full HICE consortium measurement campaign on 
truck emissions. In the last INF-funded year the 
focus will then be placed on the comprehensive 
analysis and data mining of all obtained aerosol 
composition/molecular biological response data 
sets and validation experiments for hypothesis 
testing and identification of potential biomarkers 
for exposure and disease induction. This will in-
clude selected animal tests (COPD mouse model) 
and human material analysis for biomarker can-
didate confirmation. 

Expected increase of biofuel & biomass will change the  
properties of aerosols and may modify health effects

HICE will analyze car fuel with different concentrations  
of biodiesel
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The Virtual Institute HICE pays substantial atten-
tion to the education of young scientists. Young 
researchers from different disciplines consider-
ably contribute to the project. The majority of the 
experimental and data processing workload is 
carried out by PhD students. They work together 
in the measurement campaigns, run the experi-
ments and assemble the different analyses to the 
main focus of HICE. To ensure and enhance the 
quality of the PhD work, several measures have 
been put into effect. These educational measures 
are especially important to bridge the gap bet-
ween the researchers from different disciplines 
and to bring together all specific tasks aiming 
one goal.

HICE Summer Schools

In 2012 all young scientists met during the 
HICE inauguration meeting in Rostock. The first 
Summer School took place at Charles Universi-
ty in Prague in August 2013. The students and 
young scientists got the opportunity to present 
their work and the goals they want to achieve 
in HICE – therefore four groups were created 
and delivered insights into their specific tasks: 
Chemistry, Aerosol Physics, Health, and Biosta-
tistics. Furthermore, HICE organized a workshop 
together with the German Association for Aero-
sol Research on “Aerosol Emissions from Fossil 
Fuel and Biomass Combustion”. The students 
and young scientists were organized in groups 
for preparing their lectures. Constructive critics 
helped to improve the scientific presentation 
skills. Leading experts from aerosol research 
and environmental health were invited for lec-
tures. In discussion- and break-out-sessions, the 
impact of combustion aerosols on human health 
was evaluated. The summer school attendees 
and over 100 participants thus learned about the 
state-of-the-art characterization of aerosols by 
bioassays, on-line mass spectrometry and ad-
vanced molecular profiling techniques. 

HICE Measurement Campaigns 

Another important contribution to the educati-
on program for students and young scientists 
are the HICE measurement campaigns. In those 
the students and young scientists work together 
under guidance of experienced scientists. In par-
ticular in the four large HICE-consortium wide 
measurement campaigns, where all students and 
young scientists are involved in joint multi-dis-
ciplinary measurements for about 3–4 weeks, 
respectively, a large training effect is achieved: 
The students and young scientists are involved 
in several facets of the technical/engineering, the 

aerosol analytical and in the biological/toxicolo-
gical aspects of the HICE program.

HICE Workshops

Internal HICE workshops have been organized 
that focused on questions and problems related 
to evaluation and interpretation of the data from 
the measurement campaigns. During such mee-
tings, young researchers could discuss their data 
with the post-docs and scientists involved in the 
project and gather knowledge about the hand-
ling and manipulation of scientific data as well 
as its integration into a bigger scientific context.

Mentoring of students, PhD students and young 
scientists 

In the first two years of HICE, three bachelor 
theses and three master theses were completed 
on HICE-related topics. All MSc graduates have 
been employed as PhD students within the HICE 
project or related/associated projects to conti-
nue their work in this scientific context. All HICE 
PhD-students and young scientists were embed-
ded in the graduate and mentoring program of 
their host universities. In addition the Helmholtz 
Zentrum München organizes (in collaboration 
with the universities LMU and TU München) a 
graduate program called HELENA – Helmholtz 
Graduate School of Environmental Health which 
is open for all PhD students involved in HICE. In-
ternational networking is promoted by offering 
financial support for attending conferences and 
for research stays at other consortium organi-
zations. HELENA offers courses to foster inde-
pendent scientific working. Furthermore soft 
skill training courses such as self-management, 
scientific writing and presentation trainings are 
conducted. PhD students are assigned a perso-
nal thesis committee for intensive guidance and 
mentoring. Finally, they can earn a certificate in 
environmental health research as an extra qua-
lification. Post docs are advised and supported 
in their career-planning. This includes the young 
investigator group position in bio statistics 
which is held by Dr. M. Arteaga Salas. He has 
one co-worker from the HICE program and can 
access data from multiple other coworkers due 
to the central position of his work package.  

Lab exchanges

The Metabolomics Group of the Luxembourg 
Centre for Systems Biomedicine (LCSB) led by Dr. 
Karsten Hiller invited the HICE students for a lab 
training course on profiling cellular metabolism in 
October 2012. During a one week course the parti-

Education
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cipants analyzed metabolic effects on human lung 
cancer cells caused by wood combustion-derived 
nanoparticles. To measure intracellular metabolic 
flux changes, the scientists applied stable-isoto-
pe tracers. After the cultivation of the cells, they 
extracted intracellular metabolites and prepared 
them for chromatographic and mass spectromet-
ric measurement. Finally, they analyzed the data 
and detected particle-induced changes in meta-
bolite amounts and intracellular fluxes. 

The group at the Karlsruhe Institute for Technolo-
gy (KIT) invited students from HICE on two occa-
sions to learn about the handling of the air-liquid 
interface system for the exposure of human lung 
cell cultures. The basic operation principles were 
explained and the steps for the preparation of 

cells were demonstrated. Actual exposures were 
performed with aerosol from wood combustion 
and knowledge about extraction procedures was 
imparted to the students after the exposure. 

Weekly lecture program during teaching term

During the academic terms, weekly lectures 
are held on science and technology topics such 
mass spectrometry and its applications. Once in 
a week experts from universities and industry 
provide an overview on ongoing developments. 
The lectures are held at the University of Rostock 
and are transmitted to all HICE partners via vi-
deo conferencing. Partially the presentations are 
transmitted to a public open seminar room (the 
Helmholtz Zentrum München).

Participants at the Workshop „Aerosol Emissions from Fossil 
Fuel and Biomass Combustion“ in Prague

Scientists analyzing the effects of aerosols from ship diesel 
emissions in the HICE mobile lab

Lab visit at the Metabolomics Group of the Luxembourg Centre 
for Systems Biomedicine (LCSB)

PhD students working at the HICE measurement campaign on 
wood combustion in Finland
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The official opening ceremony of the Helmholtz 
Virtual Institute HICE at the Leibniz Institute for 
Baltic Sea Research Warnemünde in May 2012 
was well covered by the media. The collabora-
tion of the Helmholtz Zentrum München and the 
University of Rostock evoked the interest of the 
public. The scientific aims of HICE –research on 
the adverse health effects of anthropogenic ae-
rosols – are frequently picked up by journalists.

In November 2012 the first HICE measurement 
campaign took place at the University of Rostock 
where one of the few research ship engines in 
Germany is located. The scientists ran the ship 
engine and exposed human lung cells to different 
fuels in a mobile laboratory, which was build in 
HICE.. The local media reported about the expe-
riments. The press conference at the University 
of Rostock was attended especially by local jour-
nalists from TV, radio and newspapers. Rostock 
with its Baltic Sea harbor is particularly interested 
in the research of the HICE scientists: The reports 
created public attention and Prof. Ralf Zimmer-
mann received several interview requests from 
the media. An NDR documentary on cruise ships 
and their emission in ports included an interview 
with Prof. Zimmermann and illustrated the work 
of the project. Other media such as the ZDF, the 
WDR and the newspaper “Wirtschaftswoche” also 
reported on the topic. The public awareness of the 

scientific approaches and results of HICE is very 
pronounced. 

HICE consistently informs the public through 
press reports on its campaigns and on the ob-
tained and published results. All HICE events 
can be found on the website www.hice-vi.eu. 
Information on the project is also available on 
the website of the Helmholtz Zentrum München 

as well as on the website of 
the Helmholtz Association 
in Berlin. A HICE flyer and 
a brochure were created to 
inform the public on confe-
rences and events about the 
scientific goals of the project. 
Furthermore the project 
logo and a broad variety of 
pictures help to increase the 
visibility of the project and 
to visualize the work of the 
scientists.
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Education 

HICE provides excellent education opportunities for graduate students by offering a joint interdisciplinary Graduate School for Complex Molecular Systems in Environmental Health.
Lectures and Seminars  Internal and external experts give survey lectures on science and technology topics on a weekly basis during the academic term.  These lectures are transmitted to all partner institutions via video conferencing.

Interlaboratory Exchange The young scientists participate in different exchanges between the laboratories of the partner institutions.
Regular Workshops 
The scientists of all involved institutions come together for periodic meetings. Here young scientists can practise presenting their scientific results.

Summer Schools 
Each year HICE organizes summer schools at partner institutions. Depending on the expertise of the respective host institution, different key issues are covered. The courses consist of practical work as well as expert lectures.

Mentoring 
PhD students are supported by thesis committees, consisting of two mentors chosen by the student and the doctoral thesis supervisor.  In addition, mentors offer career counseling to postdoctoral fellows.

Structure  

The Helmholtz Virtual Institute of Complex Molecular Systems in  Environmental Health (HICE) structures its interdisciplinary research in four well-defined interrelated work packages. The joint management structure consists of the Virtual Institute Scientific Steering Board (VISB) and the Virtual Institute Management and Administration Unit (VIMA).

Virtual Institute Scientific Steering Board (VISB) Spokesperson HICE: Prof. Dr. Ralf Zimmermann  (Helmholtz Zentrum München, University of Rostock)Work Packages Spokespersons
Work Package I
Aerosol Characterisation
1. Prof. Jorma Jokiniemi (University of Eastern Finland) 2. Dr. Thorsten Streibel (University of Rostock)
Work Package II
Exposure and Toxicology
1. Dr. Hanns-Rudolf Paur (Karlsruhe Institute of Technology) 2. Prof. Dr. Jeroen Buters (Technische Universität München)Work Package III

Small Molecules and Stable Isotope Labelling1. Dr. Gunnar Dittmar (Max Delbrück Center) 2. Thomas Gröger (Helmholtz Zentrum München)Work Package IV
Chemometry and Biostatistics
1. Prof. Dr. Olaf Wolkenhauer (University of Rostock) 2. Dr. Manuel Arteaga (Helmholtz Zentrum München)Virtual Institute Management and Administration (VIMA) Project Management: Sorana Scholtes  (Helmholtz Zentrum München)

HICE students take part in a lab training course at the University of Luxembourg.

The official opening ceremony of HICE at the Leibniz Institute for Baltic Sea Research Warnemünde
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Press conference at the HICE 
measurement campaign on 
ship diesel emissions at the 

University of Rostock

Prof. Ralf Zimmermann, 
spokesperson of HICE, gives 

an interview on the research 
of ship diesel emissions
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