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A Tribute to Veronika Meyer 
 
The CHIMIA column ‘Highlights of Analytical Sciences in Switzerland’ is one of the 
oldest and most consistently published columns to appear in CHIMIA. The columns 
are an undeniable success story, showcasing the excellent research that has been 
and is carried out in Switzerland in the field of analytical sciences. 
This is all entirely thanks to Veronika Meyer, who initiated the column (then called 
Highlights of Analytical Chemistry in Switzerland) in 2005 and who served as its 
editor for the past 20 years. As a passionate, recognized analytical chemist 
(honoured as IUPACs Distinguished Woman in Chemistry in 2017), author of a 
highly successful book ‘Practical High-Performance Liquid Chromatography’, and 
mountaineer (climbing Qomolangma), she has always sought new heights. She was 
able to identify and select important reports on cutting-edge research in the 
analytical sciences in Switzerland. 
She convinced authors to prepare a strict one-page roundup for readers of CHIMIA. 
These reports not only had an impact in dissemination of the research, but also on 
the initiation of collaborations across different research groups and disciplines, which 
is perfectly illustrated by more than 200 citations they received. In total the columns 
she edited were authored by almost 700 scientists from Swiss institutions and 
international teams. 
The columns span a broad range including fundamental research and the use of 
analytical methods applied in the laboratory and in the field, illustrated by the word 
map on the title page of this virtual issue. Almost every technique used in the routine 
analytical chemical lab and specialized research centres has been covered at least 
once. This topical breadth in particular highlights her openness to the field and 
advanced analytical view and interests. 
Their overall quality also set the standard for the other Division-led columns in 
CHIMIA enabling the readers a view of current research across the chemistry 
disciplines in Switzerland. 
As the editor of the Highlights, she has now met her target number of 200 
contributions, the last of which was published in the issue 10/2025 of CHIMIA. This 
virtual edition collects all 200 columns published to date and also provides a 
snapshot of the many developments made in the analytical sciences in Switzerland 
over the past two decades. 
 
The members of the CHIMIA Editorial Board past and present, the Swiss Chemical 
Society, and the members of the Board of the Division of Analytical Sciences of the 
Swiss Chemical Society express their deepest gratitude and acknowledge the 
enormous effort Veronika has put into this editorial work. 
 
 
CHIMIA Editorial Board Swiss Chemical Society Board of the Division of
   Analytical Sciences 
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Characterization of Polymers in 
 Nanometer Sized Atmospheric Aerosol 
Particles
Markus Kalberer*, Mirjam Sax, and Vera Samburova 
Department of Chemistry and Applied Biosciences, 
ETH Zürich, Zürich

*Correspondence: Dr. Markus Kalberer, Laboratorium für Organische Chemie
Wolfgang-Pauli-Str. 10, ETH Hönggerberg, HCI E 330, CH–8093 Zürich
Tel. +41 1 633 48 34, Fax +41 1 632 12 92, E-Mail: kalberer@org.chem.ethz.ch

Keywords: Aerosol particles · Aerosol precursors · Atmospheric 
chemistry · Smog chamber 

Atmospheric aerosol particles of about 3 nm–10 μm diameter 
play a crucial role in many aspects of the earth’s climate system. 
In recent years it also became evident that aerosol particles pose a 
public health problem, since studies showed that increased aero-
sol concentrations cause higher morbidity and mortality rates. The 
chemical composition of the particles is important in both climato-
logical and health-related issues; however, it is only poorly under-
stood. Atmospheric aerosols contain up to 50% organic material, 
but despite a large effort in the past decades not more than about 
10–20% of the organic mass could be resolved on a molecular ba-
sis. 

To identify and investigate their chemical composition organic 
aerosols were generated in a newly built smog chamber at the Paul 
Scherrer Institute (PSI) in Villigen, where organic particles can 
be generated under conditions similar to the ambient atmosphere. 
Due to the complex chemical mixture of compounds present in the 
aerosols a large variety of analytical techniques was used such as 
different mass spectrometric methods coupled with gas and liquid 
chromatography and infrared spectroscopy. The determination of 

the molecular weight distribution with Laser Desorption/Ioniza-
tion Mass Spectrometry (LDI-MS) showed for the first time that 
up to 50% of the aerosol mass generated from anthropogenic and 
biogenic volatile organic precursors is composed of polymers with 
molecular masses up to about 900 Da. This result was a signifi-
cant step towards a comprehensive knowledge of organic aerosol 
composition. Mass spectra of synthetic co-polymers formed from 
known oxidation products of important aerosol precursor com-
pounds were compared with the smog chamber results and showed 
that a major fraction of the aerosol polymer can be explained by 
acetal polymerization of small carbonyls, which are abundant oxi-
dation products of volatile organic compounds (VOCs). 

A comparison with ambient aerosol samples collected at the 
ETH Zürich showed that the mass distribution of the polymeric 
fraction of the ambient samples closely matches the mass distribu-
tion of aerosols from biogenic VOC precursors. This result sug-
gests that biogenic sources are a major contributor to the ambient 
organic aerosol mass even in urban areas.  

The chemical characterization of these polymers is still at the 
very beginning and a large effort will be necessary to understand 
the influence of these compounds on health related issues and the 
climate. 

Received: January 3, 2005 
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Reference
M. Kalberer, D. Paulsen, M. Sax, M. Steinbacher, J. Dommen, A.S.H.

Prevot, R. Fisseha, E. Weingartner, V. Frankevich, R. Zenobi, U. Baltens-
perger, Science 2004, 303, 1659. 

 27 m3 large smog chamber at PSI LDI-MS spectrum from a smog chamber aerosol sample (Kalberer et al., 
2004)

mass [m/z]
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Investigations of Ancient Lead 
White Pigments Using Lead Isotope 
 Abundance Ratios
Giuseppino Fortunatoa*, Axel Rittera, and Daniel Fabianb

aEMPA St. Gallen; bFabian & Samuels, Stäfa

*Correspondence: Dr. G. Fortunato, Functional Fibers and Textiles, EMPA St. Gallen, 
Lerchenfeldstr. 5, CH-9014 St. Gallen
Tel.: +41 71 274 76 77, Fax: +41 71 274 78 62, E-Mail: giuseppino.fortunato@empa.ch

Keywords: Arts · Lead isotope ratio · Lead white · Provenance 

Lead white (2 PbCO3·Pb(OH)2), a common component in 17th 
century artists' painting materials, was singled out to study the po-
tential and limits of lead isotope abundance ratios in the field of 
origin assignment. Paintings by P.P. Rubens, A. van Dyck and other 
old masters were chosen for this study. 

Natural lead consists of four isotopes, 204Pb, 206Pb, 207Pb, and 
208Pb. The last three isotopes derive partly from the radioactive de-
cay of the nuclides of uranium (238U and 235U) and thorium (232Th). 
The isotopic compositions depend primarily on the age as well as 
on the U/Pb and Th/Pb amount content ratios of the rocks forming 
the ore deposits from which the lead was extracted. Historically, 
lead was among the first metals extracted from ores by man, and 
because it is abundant in nature and relatively inexpensive, lead is 
found on a great many archaeological sites. The principle of object 
provenancing is to make comparative isotopic analyses of the lead 
present in artifacts and in a sufficient number of ore deposits.

Minute samples (50–200 μg) taken from paintings from art col-
lections worldwide were investigated using multi-collector inductive-
ly coupled mass spectrometry (MC-ICP-MS), scanning electron mi-
croscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX).

The scatter plots of the measured isotope abundance ratios of 
the painting pigments from P.P. Rubens, A. van Dyck and other 
Flemish painters show a very narrow distribution forming a cluster 
with relative widths of 0.55% and 0.2%. The comparison of these 
data with cis-alpine (Italian) sample pigments from paintings of the 
same time period reveals a clear distinction between the isotopic 
arrays. With respect to European ore lead isotope data we assume 
that the pigment isotope ratio distribution is a direct representation 
of the very distinct origin of raw materials. Presumably, no mixing 
of different lead ores from Europe took place. The comparison of 
the measured white lead isotope ratio values (Flemish paintings) 
and the data from ore samples lead to the unexpected conclusion 
that British or German products and not local ores were used for 
the pigment production.

The results to date show great promise as a further tool in the 
identification and authentication of works of art. It is now impor-
tant to build up a white lead data base and to examine the lead ore 
isotope ratio values in a more detailed way.

Received: March 1, 2005

Acknowledgements
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support: HSH Prince Hans-Adam II of Liechtenstein, Vaduz and the Swiss 
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Reference
G. Fortunato, A. Ritter, D. Fabian, Analyst 2005, in press. 

One of the investigated paintings: Peter Paul 
Rubens, Clara Serena Rubens, 1616, Oil on Canvas, 
Collections of the Prince of Liechtenstein, Vaduz-
Vienna

Lead isotope abundance ratio values for cis- and trans-alpine pigment 
samples. Bars denote typical combined measurement uncertainties 
(coverage factor k = 2)
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Screening of Samples for the Presence 
of Chemical Warfare Agents by Nuclear 
Magnetic Resonance
Urs C. Meier

Correspondence: Dr. Urs. C. Meier, Swiss NBC Defence Establishment, Spiez Labo-
ratory, CH-3700 Spiez
Tel. +41 33 228 16 92, Fax +41 33 228 14 02, E-Mail: urs.meier@babs.admin.ch 

Keywords: Chemical warfare agents · Chemical Weapons Con-
vention · Nuclear magnetic resonance spectroscopy · Organo-
phosphorus nerve agents · Sarin

Chemical weapons were first used on a large scale in World War 
I. At this time the main chemical warfare agents (CWA) were blis-
tering agents (mustard gas) and asphyxiating agents (phosgene). 
Since the 1930s organophosphorus nerve agents (e.g. sarin, VX) 
have been synthesized. Public interest in this topic was stressed in 
the Iran-Iraq conflict (1980–1988) and through a terrorist attack in 
the Tokyo subway system. In 1995 sarin was released by the Aum 
sect resulting in 12 deaths and 5000 poisoned or injured people. 

On 29 April 1997, the Chemical Weapons Convention (CWC) 
entered into force. The convention prohibits the development, 
production, stockpiling and deployment of these weapons. The 
Organisation for the Prohibition of Chemical Weapons (OPCW) 
is responsible for the implementations of the CWCs provisions, 
including verification of its compliance. Ever since, the OPCW 
has organized interlaboratory proficiency tests to designate labo-
ratories for the verification of the CWC. Spiez Laboratory is one 
of several designated laboratories worldwide. 

Modern analytical methods for the detection and unambiguous 
identification of CWAs are needed for the verification of the CWC, 
the protection of the population and the proper medical treatment 
of victims.  The samples to be analysed may be a liquid, soil or shell 
fragments. After a sample preparation step, they are subjected to 
instrumental analysis. 

Among other techniques, nuclear magnetic resonance (NMR) 
spectroscopy is suitable for the analysis of CWAs. Traditionally, 
the screening is done by 1H and 31P{1H} NMR. 1H NMR is limited 
by the high level of background present in environmental samples, 
31P{1H} by its low sensitivity and poor information content. Re-
cently, nonselective 1D 1H–31P inverse NMR experiments were 
shown to be the most sensitive NMR methods to selectively screen 
samples for the presence of nerve agents. Only signals stemming 
from the nerve agents are detected and the background is comple-
tely eliminated. Samples spiked at the 5 ppm level can be screened 
within an hour, whereas for 31P{1H} an overnight acquisition is 
necessary. 

Reference
U.C. Meier, Anal. Chem. 2004, 76, 392. 

Various types of samples suspect of contamination with chemical warfare 
agents

The spectrum on the left shows a standard 1H spectrum, whereas the 1H-
31P HSQCTOCSY spectrum of the same solution is shown on the right. The 
background present in the 1H spectrum is completely eliminated in the 1H-
31P HSQTOCSY experiment and the previously hidden signals belonging 
to organophosphorus compounds are exclusively detected.

Sarin
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High-Speed Identification of Designer Drugs by 
Multiple Mass Spectrometry

Stephan Kölliker and Michael Oehme*

*Correspondence: Prof. Dr. M. Oehme, Organic Analytical Chemistry, University of 
Basel, Neuhausstr. 31, CH-4057 Basel

Tel.: +41 61 639 23 01, Fax: +41 61 639 23 00, E-Mail: michael.oehme@unibas.ch 

Keywords: Amphetamines · Designer drugs · Multiple mass 
spectrometry · Structure elucidation

Amphetamines and related drugs are rather frequently used at 
techno parties. Many different derivatives are on the market. The 
residues R1, R2 and R3 (also di-substituents) can vary greatly. New 
modifications show up frequently. The relation between structure 
and the desired psychedelic effect is largely unknown. The range 
between any effect and toxic properties can be rather small. Experi-
menting with dose and intake of different products can be fatal. A 
quick identification of the active component in pills is therefore 
important. The questions are: Is the compound already known? If 
not, what is its structure?

Multiple mass spectrometry (MSn) is a rather new technique 
introduced in 1995. Our group received the first instrument world-
wide and has studied its possibilities for structure elucidation since 
then. Collision-induced dissociation with defined energies allows 
the cleavage of specific bonds in an ion trap mass spectrometer. 
In the case of amphetamines etc. the following information is ob-
tained:
Mass spectrum (MS): Mass of compound and hetero atoms pres-
ent
1st fragmentation (MS2): Loss of -N-R1
2nd fragmentation (MS3): Loss of -R2
3rd fragmentation (MS4): Number, position and kind of R3 (based 
on reference spectra unique for ring positions)

This information allows the structure elucidation of a drug in 
a pill after only dissolution, filtration and a 15 min experiment. 
By-products can be identified after a pre-separation by high-per-
formance liquid chromatography. 

Received: July 6, 2005

Reference
S. Kölliker, M. Oehme, Anal. Bioanal. Chem. 2004, 61, 215. 

Identification of N-methyl-3,4-dimethoxy-amphetamine as impurity in the 
pill

Structure of designer drugs with functional groups in various 
combinations: R1: -NH2, -NHCH3, -NHCH2CH3; R2: -H, -CH3, -CH2CH3; 
R3: -OCH3, methylenedioxy-, -CH3, -SCH3, -Cl, -Br, -I

A designer drug pill



HIGHLIGHTS OF ANALYTICAL CHEMISTRY IN SWITZERLAND 862
CHIMIA 2005, 59, No. 11

Can you show us your analytical highlight? 
Please contact: Dr. Veronika R. Meyer, EMPA St.Gallen, Lerchenfeldstrasse 5, 9014 St.Gallen  
Phone: 071 274 77 87, Fax: 071 274 77 88, Mail to: veronika.meyer@empa.ch

Elucidating the Secrets of the Maillard 
Reaction Cascade – The Role of 
Amadori Compounds

Tomas Davídek and Imre Blank* 

*Correspondence: Dr. I. Blank, Nestlé Research Center, Vers-chez-les-Blanc,  

CH-1000 Lausanne 26

Tel.: +41 21 785 86 07, Fax: +41 21 785 85 54, E-Mail: imre.blank@rdls.nestle.com

Keywords: Amadori compounds · Flavor chemistry ·   
Maillard reaction · Umami taste

The reaction of reducing sugars with amino acids and proteins, 
referred to as the Maillard reaction or non-enzymatic browning, 
is the major source of color, taste and aroma that is characteristic 
for many heated foods, such as meat, bakery, and cocoa. For ex-
ample the almost odorless green coffee beans are transformed into 
dark brown roasted coffee with delicious taste and aroma. Amadori 
compounds, 1-amino-1-deoxyketoses, play a pivotal role in the 
Maillard reaction cascade. It is also assumed that they participate 
in the formation of advanced glycated end products (AGEs) under 
physiological conditions. Pentose-based Amadori compounds are 
very unstable compared to their hexose-based analogues and have 
rarely been reported in the literature. 

It is rather challenging to obtain reliable data on the nature, 
amounts, and fate of Amadori compounds due to (i) the high com-
plexity of Maillard systems and (ii) the high diversity in polar-
ity of Amadori compounds. Modern analytical methods combine 
chromatographic separation efficiency and mass discrimination 
by tandem mass spectrometry (MS/MS). Separation by high-per-
formance cation-exchange chromatography (HPCEC) followed 
by electrochemical detection (ECD) or tandem MS in the posi-
tive electrospray ionization (ECI+) mode turned out to be the most 
suitable approach. Alternatively, capillary electrophoresis coupled 
to MS/MS can be used.

We have succeeded for the first time to monitor pentose-based 
Amadori compounds, such as N-(1-deoxy-D-xylulos-1-yl)glycine 
(Xyl-Gly). Reaction of D-xylose and glycine at 90 °C (pH 6) for 
2 h showed rapid formation of Xyl-Gly (~12 mol %, 15 min) fol-
lowed by slow decrease over time. Analysis of pentose-derived 
Amadori compounds represents a major breakthrough in studying 
occurrence, formation, and decomposition of these labile Maillard 
intermediates.

Several hexose-based Amadori compounds could be identified 
and quantified in an aqueous extract of dried vegetables and fruits. 
Sample preparation consisted of maceration of dried tomatoes in 

water, homogenization, and filtration. N-(1-deoxy-D-fructos-1-
yl)-L-glutamic acid (Fru-Glu) was found as the major Amadori 
compound in dried tomatoes. About 1.5 g/100 g of Fru-Glu was 
determined, known for its umami taste properties that are also char-
acteristic for dried tomatoes. Such data are now readily accessible 
to reveal taste-active constituents of natural products. Several other 
Amadori compounds could also be detected, i.e. Fru-Ala, Fru-Leu 
and Fru-Phe, indicating that no further clean-up was required.

Simultaneous analysis of non-volatile Maillard reaction prod-
ucts such as Amadori compounds combined with a minimum of 
sample clean-up opens new avenues to study reaction mechanisms 
of the Maillard reaction cascade and elucidate new constituents in 
thermally processed foods and natural products with interesting 
sensory and other bio-active properties.

References
T. Davidek, K. Kraehenbuehl, S. Devaud, F. Robert, I. Blank, Anal. Chem. 
2005, 77, 140.
J. Hau, S. Devaud, I. Blank, Electrophoresis 2004, 25, 2077. 
E. Beksan, P. Schieberle, F. Robert, I. Blank, L.B. Fay, H. Schlichtherle-
Cerny, T. Hofmann. J. Agric. Food Chem. 2003, 51, 5428. 

Rapid HPCEC-ECD analysis of the pentose-based Amadori compound N-
(1-deoxy-D-xylulos-1-yl)glycine (Xyl-Gly), shown in the major -anomeric 
form. HPCEC-MS/MS analysis of hexose-based Amadori compounds 
found in dry tomato, e.g. N-(1-deoxy-D-fructos-1-yl)-L-glutamic acid (Fru-
Glu) shown in the major -pyranoid form (2C5 conformation). The picture 
is taken from http://www.arton5th.com/hennig/tomaten.html and was 
painted in watercolors by Claudia Hennig. 
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Monitoring of Water Chemistry in Forest Soils: 
An Indicator for Acidification
Elisabeth Graf Pannatier*, Jörg Luster, Stephan Zimmermann, 
and Peter Blaser
*Correspondence: Dr. E. Graf Pannatier, Swiss Federal Institute for Forest, Snow and 
Landscape Research, CH-8903 Birmensdorf

Tel.: +41 44 739 23 30, Fax: + 41 44 739 22 15, E-Mail: elisabeth.pannatier@wsl.ch

Keywords: Acid deposition · Acidification · Lysimetry · Recovery 
· Soil solution

Acid atmospheric deposition can affect the chemistry of soils and drain-
age waters in forest ecosystems and accelerate the acidification of soils. In 
acidic soils, the input of acidifying compounds increases the mobility of alu-
minum that can reach toxic levels for sensitive plant species. In addition, 
leaching losses of nutrients such as Ca, Mg and K may increase as a result of 
acidic deposition. These cations are important for tree nutrition and a deple-
tion can affect both biomass production and, by an imbalanced nutrition, tree 
health and sensitivity to pests.

The soil water chemistry in a chestnut forest at Copera near Monte Ce-
neri in Ticino has been monitored since 1987 to measure the soil response 
to atmospheric acid deposition. This area, with its mainly acidic bedrock, is 
very sensitive because the soil is poorly buffered. It has received high loads 
of acidifying compounds due to local and long-range emissions from the 
industrial Po Valley in Italy. Acid deposition declined through the 1980s and 
1990s, mainly because of the reduction of SO2 emissions following air pol-
lution abatements. This raised the question whether the forest soil has recov-

ered since then. The ratio of base nutrient cations (BC = Ca2+ + Mg2+ + K+) 
to dissolved aluminum (BC/Al) in the soil solution was used to assess soil 
acidification and the associated ecological risks.

Water samples were collected fortnightly with tension lysimeters. The 
main chemical characteristics of the soil solutions were measured routinely: 
pH, electric conductivity, dissolved organic carbon, concentrations of major 
cations and anions. A significant decrease in BC/Al ratios has been observed 
since 1987, indicating a rapid soil acidification. However, initial signs of re-
covery were detected recently below the litter layer. In the mineral horizons, 
the ratios have stabilized since the late 1990s, suggesting that acidification 
has slowed down.
Reference
E. Graf Pannatier, J. Luster, S. Zimmermann, P. Blaser, Environ. Sci. Tech-
nol. 2005, 39, 7761.

Chestnut forest stand at Copera Tension lysimeter in soil profile Installation of a lysimeter

BC/Al ratios in the soil solution below the litter layer, in the (AE) eluvial 
horizon (30 cm) and in the B(s)C transition horizon to bedrock (110 cm). 
Thick lines are moving averages with a time window of six years
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Entry Pathways of UV Filters from Sunscreens 
to Swiss Lakes 

Marianne E. Balmer*, Hans-Rudolf Buser, and Thomas Poiger

*Correspondence: Dr. M.E. Balmer, Agroscope FAW Wädenswil, Swiss Federal Research 
Station for Horticulture, P.O. Box 185, CH-8820 Wädenswil
Tel.: +41 44 783 62 66, Fax: +41 44 783 64 39, E-Mail: marianne.balmer@faw.admin.ch

Keywords: Chemical marker for domestic wastewater · 4-Methyl- 
benzylidene camphor · Methyl triclosan · Surface waters

Organic UV filters, compounds which absorb ultraviolet light, 
are used in various personal care products such as shampoos, body 
lotions or lipsticks and, of course, in considerable amounts in sun-
screen products. Some years ago, studies indicating that UV filters 
may be endocrine disruptors raised public concern. Particularly 4-
methylbenzylidene camphor (4-MBC), a frequently used UV filter, 
was discussed in newspapers and consumer magazines.

The rather lipophilic 4-MBC was found in small concentra-
tions in various lakes. Its presence in treated wastewater clearly 
indicated that this ‘indirect’ input pathway does contribute to some 
extent to the load of this compound in surface waters. Neverthe-
less, ‘direct inputs’ from recreational activities such as swimming 
and bathing in lakes and rivers may also occur. Another lipophilic 
compound, methyl triclosan, was used to investigate the relative 
importance of such direct inputs. 

Methyl triclosan, a transformation product of the widely used 
bactericide triclosan, is formed in small amounts in wastewater 
treatment plants and emitted to surface waters with the effluent. 
Its concentration is expected to be directly linked to the population 
living in the catchment area of a lake and the compound is con-
sidered as a suitable chemical marker for the burden of domestic 
wastewater to a lake. In fact, the concentration of methyl triclosan 
was highest in Greifensee, the lake with the largest population rela-
tive to its water throughflow, whereas concentrations were lower in 
Zürichsee. In Hüttnersee, a small lake that receives no wastewater 
inputs, methyl triclosan was not detected. In contrast, the concen-
trations of the UV filter 4-MBC, measured in summer 2002, were 
highest in Hüttnersee and higher in Zürichsee than in Greifensee. 

Thus, concentrations of 4-MBC appear to be linked to the use of 
these lakes as recreational and swimming areas. The fact that the 
concentrations of 4-MBC and the chemical marker methyl triclo-
san do not correlate at all indicates that wastewater is not the main 
source of the UV filter, but direct inputs from recreational activities 
to surface waters are important, at least during summer.

Acknowledgements
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Received: December 16, 2005

References
M.E. Balmer, H.R. Buser, M.D. Müller, T. Poiger, Environ. Sci. Technol. 
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Organic UV filters from 
sunscreen products 
may enter surface 
waters as ‘indirect 
inputs’ via wastewater 
treatment plants or 
as ‘direct inputs’ from 
swimming and bathing 
in lakes and rivers. 
Photo: Keystone/Philip 
Mark. 

Concentrations of 4-MBC and methyl triclosan in three lakes and the river 
Limmat in summer 2002, suggesting significant direct inputs of the UV 
filter from recreational activities to Hüttnersee and Zürichsee. The numbers 
indicate the concentrations in ng l–1 as estimated from the analysis of 
SPMDs (semipermeable membrane devices) which were used for passive 
sampling of surface waters (nd: not detected, <0.02 ng l–1). 

Chemical structures 
of the UV filter 4-
methylbenzylidene 
camphor (left) and the 
chemical marker methyl 
triclosan (right) 
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Micro-scale Chemical Speciation of Highly 
Heterogeneous Cementitious Materials 
Using Synchrotron-based X-Ray Absorption 
Spectroscopy 
André M. Scheidegger*, Marika Vespa, Erich Wieland, 
Messaoud Harfouche, Daniel Grolimund, Rainer Dähn,  
Andreas Jenni, and Karen Scrivener
*Correspondence: PD Dr. A.M. Scheidegger, Laboratory for Waste Management, Paul 
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Mixing ‘fugitive’ hazardous waste products into a cementitious 
binder system improves the stabilization and the solidification of ra-
dioactive and industrial waste materials. Consequently, the migration 
of radionuclides and other heavy metals from cement-based landfills 
and nuclear underground waste repositories into the environment can 
be significantly retarded and possible impacts on the environmental 
quality can be minimized. From a chemical standpoint cement min-
erals are typically present as discrete particles in the size range of 
a few nanometers to a few hundred micrometers (Fig. 1). The com-
plexity of the hydrated assemblage and the reactivity of the minerals 
make it very difficult to investigate cementitious systems. 

Molecular-level investigations on Co(II) doped hardened cement 
paste were carried out at the Advanced Light Source (ALS) using 
synchrotron-based micro-X-ray fluorescence (XRF) and micro-X-
ray absorption spectroscopy (XAS). XAS is exclusive to synchrotron 
light sources and can yield spatially-resolved information (e.g. type 
of neighboring atoms, bond length and coordination numbers) on 
the variability of chemical speciation in complex and highly hetero-

geneous samples. A hard X-ray micro-probe facility optimized for 
micro-XRF and micro-XAS with a spatial resolution of a few μm2 
has now also become available at the Swiss Light Source (SLS).

The micro-XRF maps show that Co is heterogeneously distributed 
in the Co-doped cement matrix (Fig. 2). Typically Co-rich spots up to 
~50 μm2 in size (e.g. spot 1) as well as characteristic Co-rich ring-like 
structures with diameters up to ~200 μm (e.g. spot 2) were observed. 
XAS data analysis revealed the presence of a Co(II)-hydroxide-like 
phase (Co(OH)2 and/or Co-Al layered double hydroxide) at spot 1 
and a Co(III)OOH-like phase at spot 2. This finding is illustrated by 
the shorter Co–O and Co–Co distances at spot 2 (Fig. 3).

Co oxidation is environmentally relevant since it results in a 
reduction of the Co mobility in cement. A surprising result of the 
micro-spectroscopic study is that oxidation of Co(II) is a locally oc-
curring process. This finding demonstrates that the inherent micro-
scale heterogeneity of cement may well control the overall chemi-
cal reactivity of Co in cement.
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Fig. 1. SEM image illustrating the micro-scale heterogeneity of hardened 
cement paste. Examples of clinker minerals (ferrite, belite and alite; yellow) 
and hydrated phases (calcium silicate hydrates (CSH) and portlandite; red) 
are outlined.

Fig. 2. Micro-XRF maps showing the elemental Co distribution in a hydrated 
Co-doped hardened cement paste at different locations (beam size ∼ 5x5 
μm2)

Fig. 3. Experimental 
(solid line) and 
theoretical (dashed 
line) Fourier 
transforms (modulus 
and imaginary parts) 
of k3-weighted 
micro-EXAFS spectra 
collected at spot 1 
and 2. The spectra 
are uncorrected for 
phase shift (R + ΔR).
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In recent years sushi has become more and more popular in 
Switzerland, resulting in an increased demand for high quality 
raw fish such as tuna. A main criterion for freshness and quality of 
tuna flesh is its red colour. Under natural conditions, as a result of 
oxidation of myoglobin (MbFe2+) to metmyoglobin (MetMbFe3+) 
the colour rapidly turns an unattractive brown, particularly during 
frozen storage. For some years in Asian countries, e.g. Philip-
pines and Indonesia, tuna fillets and loins have been treated with 
carbon monoxide (CO) or tasteless smoke, which contains CO. 
This treatment results in the stabilization of a bright red colour 
due to the higher affinity of CO for the Fe(ii) binding site of my-
oglobin. Thus, the muscle tissue is prevented from discolouration 
and its red colour lasts for an extended period of time. Even if 
the bright red of treated tuna looks rather artificial, consumers are 
attracted and product sales are increased.

CO is not approved as a food additive in Switzerland. Conse-
quently, trading of foodstuffs treated with CO or tasteless smoke is 
prohibited by the Swiss food law. As CO-treated tuna retains its red 
colour even during spoilage, consumers may not only be deceived 
about product freshness but also are subject to a possible food poi-
soning due to the potential generation of biogenic amines.

We have implemented a fast and simple analytical method to 
test raw tuna for treatment with CO or tasteless smoke. First, myo-
globin is extracted with ice water from the sample. Bound CO is 
then released from the extract by acidification and quantified using 
automated headspace gas chromatography/mass spectrometry.

To monitor the Swiss market, samples of raw tuna were col-
lected from distributors and importers as well as by the border 
veterinarians and analysed for CO. In 21 of the samples collected 
in 2005, CO contents ranged from 29 to 177 μg/kg. These values 
are in agreement with indigenous CO contents in tuna as reported 
by other researchers. Furthermore, they are below the limit of 200 
μg/kg which is proposed by Japan and EU member states for dis-
tinction of untreated from CO-treated tuna. However, six samples 
reached CO concentrations between 680 and 2430 μg/kg. These 
values are significantly above naturally occurring concentrations 
and indicated a treatment with CO or tasteless smoke. Conse-
quently, these samples, all originating from the Philippines, were 
objected to by the responsible food control authorities.
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References:
http://www.kantonslabor-bs.ch/files/18/Jahresbericht.pdf

Different colours of carbon monoxide-treated (A) and untreated (B) tuna 
fillets after frozen storage

Clear distinction of untreated from CO-treated tuna samples by analysis of 
carbon monoxide content
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Cannabis sativa L. with its long history is an interesting ex-
ample of the complexity of plants. In numerous domains, this 
plant occupies an important place in society. Indeed, besides its 
recognised pharmacological and toxicological properties, canna-
bis and derivatives are also implicated in social and economical 
aspects. For many years they have been subject to discussion and 
controversy in Switzerland, where political and legal institutions 
are currently debating legalization. In case of acceptance, a strict 
control would be performed to determine the plant origin as well 
as its quality. Only plants cultivated in Switzerland would be al-
lowed and their content in ∆9-tetrahydrocannabinol (∆9-THC), the 
psychoactive component, would have to be indicated.

The chemistry of cannabis is complex. Among the natural com-
ponents, cannabinoids are abundant characteristic C21 compounds 
belonging to the class of terpenophenols. It is now largely accepted 
that the cannabinoid content varies with the geographical origin. 
Therefore, tracing a cannabinoid profile can be of prime impor-

tance not only to determine the ∆9-THC content but also for local-
ization if plants are cultivated outdoors. 

Cannabis chromatographic profiles can easily be performed by 
combining a solvent-free sample preparation technique, such as 
headspace solid-phase microextraction, with gas chromatography/
mass spectrometry. In addition, chemometric tools such as prin-
cipal component analysis and hierarchical cluster analysis allow 
the treatment and interpretation of the phytochemical fingerprint-
ing determined on the basis of the cannabinoid content. Thanks to 
these tools, discrimination of cannabis samples originating from 
different locations can be achieved. 
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Fig 1. Where was this cannabis 
plant grown? Cannabinoid 
profiling gives the answer.

Fig 3. Discrimination of cannabis samples from different locations in 
Switzerland 

Fig 2. Cannabis GC/MS profile showing ten cannabinoids (A to K)
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In recent years, the air quality in the vicinity of motorways has 
improved due to the distinct reduction of hazardous car emissions 
such as VOC, CO, and NOx thanks to the introduction of exhaust 
catalytic converters. They effect combined oxidation and reduction 
reactions in the presence of platinum group elements (PGE).

The first generation of catalytic converters contained Pt and 
Rh as active compounds. In the latest generations a large fraction 
of Pt has been replaced by the more abundant Pd. A combination 
of several PGEs is needed for the optimum decrease of noxious 
car emissions. The operation of any car equipped with a catalytic 
converter results in nano-gram quantities of PGEs being lost to the 
environment for each kilometer driven. So, PGEs may accumulate 
near streets and highways. Our research is focused on Pt emis-
sions.

Peat cores were collected from Guin/Düdingen near the national 
highway A12 and from St Moritz, a remote area secluded from the 
Swiss midlands. Individual layers of the peat material were dated, 
digested, and analyzed for Pt using a Finnigan sector field ICP-MS. 
For the interference-free measurement of Pt a very dry aerosol is 
needed. Otherwise HfO+ is formed, which overlaps the platinum 

isotopes of analytical interest. An APEX drying system reduced the 
Hf oxide interference by three orders of magnitude. 

From the presented results it is quite evident that the emissions are 
proportional to the amount of traffic on the nearby road.

There is no clear understanding of PGE behaviour in the en-
vironment. Further work will focus around the speciation of the 
PGE emissions, since their toxicity is strongly influenced by the 
chemical form. In the meantime, PGE concentrations in the envi-
ronment will continue to increase as long as PGE-based catalysts 
will be in use.
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Cars are now 
equipped with 
exhaust catalytic 
converters – but not 
all environmental 
problems are solved

Peat bogs are ideal archives for unravelling the time dependent 
anthropogenic deposition of heavy metals. * Start of construction of 
highway A12. ** Introduction of catalytic converters for cars. 

Reaction schemes in 
catalytic converters
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The aim of forensic science is to find the right facts for unex-
plainable or unclear circumstances. For the document expert this 
means: he has to explain if the impression marks (handwritten or 
printed) on a document are genuine or falsified, e.g. are there any 
alterations since the creation of the document or is the document as 
a whole a forgery? 

Sample cutting from a 
document under investigation

GC/MS results using a thermodesorption/cryofocus unit from two 5 mm ballpoint pen strings from different producers on normal office paper 

Documents are altered or forged for the advantage of a person or 
a group of persons, e.g. to increase the amount of money in a loan is 
to the advantage of the lender. But forgery is a criminal offense and 
is punishable by law.

In forensic science the presence of documents can also shed new 
light on unsolved cases. Therefore, it is important to find scientific 
methods to clarify whether forgery took place and to find answers 
about the timeframe in which alteration could have taken place.

A well-suited analytical technique is GC/MS because of its great 
sensitivity. However, to obtain information about printing or writing 
systems on a molecular basis it is necessary to transfer the relevant 
molecules to the gas phase. Aggravating circumstances are on the 
one hand that the paper matrix retains the molecules of interest, and 
on the other hand that chemical substances from the paper itself 
evaporate that interfere with the important compounds of the writ-
ing devices. Therefore attempts to use pyrolysis GC on document 
samples led to numerous peaks, coming from the writing device un-
der investigation and from the paper; in addition, cross products at 
high pyrolysis temperature between writing device and paper make 
the interpretation of the results even more difficult. What is needed is 
a GC injection method where the temperature can be lowered and the 
evaporated gases of the sample can be measured at different tempera-
ture steps. Thermal desorption at controlled temperature for a certain 
period of time (several minutes) and a continuous gas flow over the 
paper with the writing ink are necessary. The compounds of interest 
will continuously desorb in low amounts. To obtain a measurable 
signal, the desorption products are first collected before they enter 
the GC; this is best done by cryofocusing with liquid nitrogen. 

In our laboratory we are using a thermodesorption system com-
bined with a cryofocus from Gerstel connected to a GC/MS from 
Agilent. With this system we can detect and differentiate writing 
devices of the same type (e.g. two ballpoint pens from different pro-
ducers) or detect the age of the paste of ballpoint pens. For such an 
analysis document cuttings as small as 5 mm are sufficient to eluci-
date complicated and unclear cases. 
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Everyday quality measurements of drinking water usually rely 
on advanced chemical methods. However, for arsenic, which con-
taminates potable water in millions of family-based groundwater 
wells in Asia, this is no trivial business. To measure arsenic accu-
rately, expensive machines such as AAS or ICP-MS are necessary. 
Such equipment is mostly absent in developing countries. Field test 
kits can be used as alternatives, but they are often unreliable at low 
arsenic concentrations. Accurate quantification of arsenic even at 
low concentrations is important to avoid chronic and toxic expo-
sure, and the current WHO guideline for arsenic in drinking water 
is 10 µg/l. Trang et al. recently reported the successful validation 
of a completely different analytical method that is based on light 
emission from engineered bacterial cells. 

From the laboratory …
How can bacterial cells detect arsenic and emit light? In order 

to do so, Stocker et al. equipped Escherichia coli bacteria with 
the ArsR protein, which is a naturally occurring arsenite-sensing 
protein in the bacterial arsenic-detoxification system. By genetic 

engineering techniques they then created a circuit in which ArsR 
controls the expression of a reporter protein, such as the enzyme 
luciferase. When the cells encounter arsenite, luciferase is synthe-
sized and the cells start to emit light, which can be easily measured. 
Within a certain range the light emission is proportional to the ar-
senite exposure.

… to the field
A set of simple bioassays was designed on this principle enabling 

the accurate detection of arsenic in aqueous samples with widely dif-
ferent chemical composition and within 30 min to 2 h. To validate 
the bioassay performance in analyzing arsenic in real groundwaters, 
we recently used the light-emitting biosensors in a region in Vietnam 
where Berg et al. had reported serious arsenic contamination. A total 
of 194 groundwater samples were collected in the Red River and 
Mekong River Delta and analyzed both by AAS and by the arsenic 
bioassay. Compared to AAS the bacterial assay falsely predicted 
samples to have less than 10 µg arsenic per liter in 8% and more 
in 2.4% of all cases, which is far better than the performance of 
chemical field test kits and thus holds great promise for their use 
in drinking water analysis in developing countries.
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Calibration curve with the bioluminescent arse-
nic biosensor. Incubation time: 1.5 h at 30 °C. 
Measurement: Luminometer plate reader.

Colorimetric arsenic bioassay. Cells produce 
beta-galactosidase in response to the presence 
of arsenite in the medium. Image shows different 
cell lines (in rows) with varying response kinetics. 
Arsenite concentrations (left to right): 0, 0.1, 0.2, 
0.5, 1.0 and 2.0 µM. Incubation time 3 h at 35 °C. 
Image courtesy: Jan R. van der Meer.

Escherichia coli bacteria producing Green 
Fluorescent Protein in response to the presence 
of arsenite in the medium. The GFP signal can 
be quantified by epifluorescence microscopy, 
but more easily in steady state fluorimetry. 
Incubation time: 2.5 h at 30 °C with 0.5 µM As(iii). 
Image courtesy: Jan R. van der Meer.
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Structure-performance relationships gained by studying cata-
lysts at work are considered the key to further development of cata-
lysts. This requires the structural identification of catalysts pref-
erentially under process conditions while measuring the catalytic
activity at the same time. In situ X-ray absorption spectroscopy is
a well-suited technique for this purpose since it can identify the
chemical states of both crystalline and amorphous structures. Up
to now studies were performed in an 'integral' way, i.e. averaged
over the whole reactor.

Here, we studied the partial oxidation of methane over a 2.5wt%
Rh/A1203 catalyst, which is a promising reaction for the production
of hydrogen from natural gas. The experimental arrangement and a
transmission X-ray image of the catalyst bed are shown in Fig. 1.
When the catalyst was heated up in a CHi02 mixture (ratio 2:1),
the reaction to hydrogen and CO ignited at about 320°C, and at the
same time the Rh particles were reduced. However, a closer look
revealed that the Rh particles at the inlet of the catalyst bed (ca. 12

mm in length) were oxidized whereas towards the outlet they were
in metallic state. This can be extracted from the characteristic spectra
for oxidized and reduced Rh (Fig. 1). In a next step we aimed at 2-D
mapping of the oxidation state of Rh on a micrometer scale. An X-
ray camera was installed behind the reactor to record the transmitted
intensity with and without the reactor as function of the energy. In
this way 160 X-ray absorption images were taken around the Rh K-
edge, four of them being shown in Fig. 2 (top). These X-ray absorp-
tion images contain the full absorption spectroscopic information
in the XANES region at each point of the reactor. Therefore recon-
struction of the spectra and a linear combination fit with spectra for
Rho, Rh3+ and an uncharacteristic background allows extracting the
2-D distribution of these components (Fig. 2, bottom). Alternatively,
also microXAS studies using a beam of a few micrometers in size
would provide similar insight into the reactor. A parallelization using
dispersive EXAFS or the use of a quick scanning monochromator
would, however, be needed for the latter approach. Parallelization in
the present study was achieved using the X-ray camera.

The results demonstrate that the structure of a catalyst may vary
inside a catalytic reactor. For the first time 2-D mapping of a cata-
lyst bed under catalytic reaction conditions was achieved.
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Fig. 1: Schematic drawing of the microreactor during partial oxidation of
methane with a 2.5wt% Rh/AI203 catalyst (top), an image of the catalyst
bed (100-200 IJm particles, middle), and characteristic X-ray absorption
spectra recorded at 362°C at the inlet (red, oxidized Rh) and the outlet of
the reactor (blue, metallic Rh).

Fig. 2: Selected X-ray
transmission images
at different energies
and the distribution of
oxidized and reduced
Rh in the catalyst bed.
Uncharacteristic X-ray
absorption stems from
the absorption of the
further elements. (The
160 images used for
the reconstruction of
the XANES-spectra
at each location of
the reactor can be
downloaded as movie
from: http://www.
baiker.ethz.ch/peopte/
Scistaff/Grunwatdt/
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It is well known that emissions of fossil fuels lead to an en-
hancement of the Earth’s greenhouse effect. Therefore, it is im-
portant to improve our knowledge about the carbon cycle, in par-
ticular the distribution of carbon dioxide in the atmosphere. Until 
recent years, mainly ground-based measurements were performed. 
Hence information about vertical distribution was lacking. In order 
to learn more about tropospheric CO2 at high altitudes, we took 
advantage of the logistics of the already running CARIBIC proj-
ect (http://www.caribic-atmospheric.com). Oxygen concentration 
– an additional constraint for the carbon cycle – is linked to varia-
tions in CO2 due to photosynthesis/respiration processes as well as 
fossil fuel emissions. There are different principles for continuous 
oxygen determination, but most are vibration dependent and not 
suitable for moving platforms. We decided to use the fuel cell tech-
nology for our precise oxygen measurements and a conventional 
infrared absorption instrument for CO2.

The principle of the electro-chemical cell or fuel cell is based 
on the oxidation of a light acidic fluid within the cell producing a 
small electron current, which is transformed into a small voltage in 
the mV range over a resistance. The output of the fuel cell varies 
linearly with the oxygen content of the sample. 

Annual changes in CO2 are in the order of 1–2 ppm, therefore 
variations in oxygen are of similar absolute magnitude. This corre-

sponds to changes in the order of 0.0001 percent oxygen at a mean 
concentration of 20.95 percent. In order to achieve this precision 
temperature, pressure and gas flow have to be controlled to the 
highest level possible. The graph documents a comparison of two 
oxygen technologies, the fuel cell and the paramagnetic principle 
for a laboratory experiment. Despite an offset, which is calibration 
dependent, a good consistency was observed.

Our instrument is mounted on a cargo-container of a Lufthansa 
Airbus passenger airplane. Up to now about 60 flights have been 
performed. Results have shown that the precision for oxygen is 
not yet reached in comparison to CO2, mainly because of the high 
temperature sensitivity of the fuel cells. A long-term temperature 
stability of 0.01 °C is required.
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Comparison between the paramagnetic and fuel cell method
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Proteins are the workhorses in nature. Cellular physiology, in-
tercellular communication, and regulation depend on the diversity 
and the reliable activity of proteins.

Hence, the analysis of these processes has a strong impact in 
many areas, such as drug discovery, medical diagnosis, food pro-
cessing, etc. Analytical chemistry methods, e.g. immunodiagnos-
tics, proteomics, DNA diagnosis and many other fields are based on 
powerful and sensitive observation techniques. In order to achieve 
appropriate sensitivity, different labeling methods have been devel-
oped, e.g. labeling with enzymes, radio nuclides, and fluorescent 
dyes. However, the labeling procedure is usually time consuming, 
expensive and due to purification steps substance can be lost.

Direct and sensitive detection of proteins without any labeling, 
use of surfaces or other additives is therefore a challenging goal for 
analytical technology development. Recently, we could show for 
the first time the detection of a single native protein molecule with-
out any labeling. For detection, a pulsed picosecond laser system is 
used to excite the native autofluorescence of β-galactosidase from 
Escherichia coli (Ec Gal) in a tiny volume of a few femtoliter 
(10–15 l) with a wavelength of only 266 nm. A time gate filters 

Experimental setup for the deep UV laser-based fluorescence lifetime 
microscopy system. In order to see the UV laser beam path, quartz tubes 
filled with fluorescence dye POPOP (1,4-bis(5-phenyl-2-oxazolyl)benzene) 
were placed into the beam path for visualization. 

Left: The fluorescence photon bursts observed 
from (a) sodium phosphate buffer solution, (b) 
5×10–12 mol/l, (c) 1×10–11 mol/l, (d) 2×10–11 
mol/l, and (e) 5×10–11 mol/l Ecβ Gal solution, 
respectively. Data acquisition was performed 
at a speed of 1000 data points per second (1 
ms integration time). Right: The dependence 
of number of fluorescence bursts on lower 
concentrations of Ecβ Gal solutions.

Highlights of Analytical Chemistry in Switzerland

scattered light from delayed fluorescence emission of the protein 
to enhance the signal-to-noise ratio.

Although single molecule detection is not essential in many 
analytical tasks, the method offers high sensitivity in general. Low 
background signal, small sample volume, fast response time etc. 
are obvious advantages for the user.
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The date of the vine harvest has a notable influence on the quality 
and style of wine produced. The wine-making process in red wines is 
more complex than that of white wines. The level of tannin maturity 
plays a vital role in determining the sensorial quality of the wine. For 
a given grape variety and vineyard, vine harvesting at an early date 
will give a dry wine, with green tannins and a more or less herbal 
aromatic character. On the other hand, although a later harvesting 
date produces a more full-bodied, smoother wine, the unique grape 
fruit quality is masked and the resulting aroma penalised. The choice 
of date of vine harvesting is therefore the result of a compromise 
between these various properties and will depend, in particular, on 
the style of wine that the wine-maker wishes to produce.

Overall grape maturity is difficult to capture since it depends 
on several criteria whose discriminating factors differ accordingly 
to the desired type of wine. Sugar content (reflected by density or 
‘Oechsle’), together with acidity, is the most widely used parameter. 
As far as red wines are concerned, phenol compounds and especial-

Evolution of the content of anthocyanins and tannins in grape skins and seeds during maturation 
(Pinot noir, Valais 2005)
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A ripe Pinot Noir grape (copyright: acw.admin.ch)

ly the quality of tannin in grape skins and seeds should be equally 
taken into consideration. The study of their development during the 
ripening period is therefore of considerable interest. During the time 
of ripening, the content of anthocyanins increases, reaches a peak 
and then falls off again. Tannins behave differently as their content 
decreases in grape skins and seeds. The decrease in fruit skins is 
small. The tannin decrease in seeds, however, is much greater and 
non-linear.

The determination of anthocyanins involved total reaction of free 
anthocyanins in the presence of SO2 to form colourless bislufite com-
pounds. The determination of tannins (proanthocyanidins) is based 
on hot oxidative depolymerisation in a mineral acid environment 
of proanthocyanidins to form anthocyanidins with a red absorbance 
reading at 550 nm.

The best wines are obtained from grapes harvested about ten 
days after the peak of anthocyanin content has been reached. In 
spite of occasionally higher alcohol content and a less pronounced 
bouquet, the ample and smooth tannin content confers silkiness 
and harmony to these wines. These findings enable wine-produ-
cers to integrate all the influencing parameters and serve as a gui-
deline in choosing an optimum vine harvesting date, according to 
the stage of grape growth and the type of wine required.
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Investigations of elemental distribution in trees are interesting
in plant physiological and environmental research. Seasonal ele-
ment variations within single tree rings would provide important
information on metabolism studies but they have not been acces-
sible so far. Thus, a direct micro-analytical method involving laser
ablation (LA) coupled to high-resolution double-focusing mag-
netic sector field inductively coupled plasma mass spectrometry
(HR-ICP-MS) was developed. Particularly challenging aspects in
method development were the high background levels of certain
elements and the lack of appropriate calibration standards.[1,2]

Seasonal element profiles of macronutrients in Norway spruce
trees from different sampling sites, altitudes and environmental
conditions could be established for the first time. The method al-
lows the measurement of low concentrations even in narrow year
rings. Table 1 shows typical element concentrations. Table 2 pres-
ents wood density and seasonal profiles of sulphur, phosphorus
and potassium in a tree in Düdingen (CH). Depending on the tree
ring width, the number of laser spots per ring varied between four
and eight. For discussion purposes, each ring was divided in four
distinct zones commonly used in dendrology: early earlywood
(EEW), late earlywood (LEW), early latewood (ELW) and late
latewood (LLW). 0.0
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Table 1: Typical element content in Norway spruce stem-wood [mg/kg]. Background picture: Norway

Elements Literature Values Frieswil Düdingen St. Moritz
[mg/kg] 46° 58' 60'' N, 46° 51' 0'' N, 46° 29' 40" N,

Average Median Min Max 7° 16' 0'' O 7° 12' 0'' O 9° 50' 45" O

S 344 79 56 896 24–80 34–72 50–93

P 31 38 9.2 47

K 810 390 15 2570 269–566 169–430 266–884

Ca 855 809 100 1800 458–1406 433–1085 622–957

Mg 113 113 95 131 253–357 98–356 237–578

Mn 159 65 32 566 88–386 47–248

Zn 18 12 6.4 48 5–17 2–13 6–12
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The sulphur profile displayed seasonal variations with decreas-
ing contents in LEW and ELW, which leads to the assumption that
stem sulphur is used for seasonal growth. When accrescence stops
in autumn, sulphur reserves are stored in preparation for next year’s
growth. Nabais et al. support this seasonal hypothesis, since me-
thionine in tree sap was found to increase in March until July and
decrease in August.[3]

A seasonal pattern was also found for phosphorus. This contra-
dicts the hypothesis of a constant supply by mycorrhizal fungi and
implies that reserves are stored towards the end of growing season
for use the following spring. The linear relationship between P and
S underlines a strong biochemical coupling of both elements.

Other macronutrients like potassium show different profiles. K
is of particular importance in needles and probably mostly needed
during the growing season, which explains the decrease from EEW
to LEW and a higher accumulation in LLW. These seasonal profiles
reveal new aspects of Norway spruce metabolism.
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Table 1. Typical element content in Norway spruce stem-wood [mg/kg].
Background picture: Norway spruce.

Table 2. Seasonal sulphur, phosphorus and potassium profiles and wood
density in single tree rings of a Norway spruce tree in Düdingen. Back-
ground picture: Laser spot in wood with a typical spot size of about 100
µm.
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The aim of the clinical toxicological laboratory is to identify
substances which might harm the patient. This may be the elucida-
tion of an acute intoxication due to the intake of an overdose, the
clarification of a chronic toxic process or the verification of an
intake of substances which should not be taken by a patient.

Patients with recurring hypoglycaemia either have a deregula-
tion in glucose metabolism, a tumour in the pancreas or take anti-
diabetic drugs without having diabetes.

A.M. was admitted to the hospital with recurring hypoglycae-
mic events in order to clarify the symptoms. One of the first tests
performed is the fasting test, which does not allow the patient to
eat during max. 72 h in order to evaluate the regulation of glucose
metabolism. Regularly blood samples are taken to measure glucose
concentration, different hormone levels, and in order to exclude the
intake of antidiabetic drugs, a screening for these drugs should be

Blood samples being
transferred to the
centrifuge
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Time (min)

Chlorpropamide m/z 275

Tolbutamide m/z 269

Glipizide m/z 444

Gliclazide m/z 322

Glibornuride m/z 365

Glibenclamide m/z 492

Glimepiride m/z 489

Tolazamide (I.S.) m/z 310

HPLC-MS chromatograms showing the separation of the seven sulfonylurea
drugs available in Switzerland
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offered. Thus A.M. had to fast and at the beginning and the end of
the fasting test a blood sample was taken for the quantification of
the antidiabetic drugs.

The laboratory therefore needs a fast, specific and sensitive
analytical method for the quantitative determination of sulfonyl-
urea drugs.

Due to their chemical structure the commonly used GC-MS
methods used in clinical toxicological laboratories cannot be ap-
plied for the quantification of sulfonylurea drugs. Consequently,
an HPLC-MS method has been developed using atmospheric pres-
sure chemical ionisation and a chromatographic separation on a
C18 column with ammonium carbonate buffer and acetonitrile as
mobile phase. The plasma samples are extracted using solid-phase
extraction. The subsequent HPLC-MS separation can identify and
quantify the drugs in question due to their retention times and mo-
lecular masses.

In the serum of A.M. the antidiabetic drug glibenclamide was
detected, which was intended for use by her husband only. She has
no pancreatic tumour.

Applying this method on samples from patients with recur-
ring hypoglycaemia helps to reduce costs for invasive diagnostic
tools, which are necessary to look for tumours in the pancreas.
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129I is a long-lived (half-life = 15.7 Ma) radionuclide with a natu-
ral abundance of 129I/127I of about 6.5 × 10–13. Its main sources are
the spontaneous fission of uranium in the lithosphere and the inter-
action of cosmic ray particles with xenon in the upper atmosphere.
The prenuclear abundance has been drastically enhanced due to an-
thropogenic emissions from atmospheric nuclear weapon tests and
nuclear fuel reprocessing. In Europe nuclear fuel processing plants
have been operated in Sellafield (Great Britain), Marcoule, and La
Hague (both France). While reliable data on 129I releases from La
Hague exist for the whole period of operation, less is known about
contributions from Sellafield and Marcoule. Emissions of the latter
two were estimated based on the amount of fuel reprocessed, indicat-
ing that Marcoule was the major European source of airborne 129I,
contributing about 45% to the total gaseous releases.

The estimated total emissions were compared with the 129I de-
position fluxes for the time period 1970–2002, obtained from the
analysis of an ice core from the Fiescherhorn glacier, Swiss Alps
(46°33’N, 8°04’E, 3900 m asl). The temporal evolution of the 129I
deposition agrees well with the total 129I releases into the atmosphere
from the European reprocessing facilities and from atmospheric nu-

View of the Fiescherhorn glacier from the Northeast with ice core drilling site (photo: A.
Schwerzmann)

clear weapons tests, supporting our estimated release rates. 129I was
analyzed in the ice samples by means of accelerator mass spectrom-
etry at the Maier-Leibnitz laboratory in Garching, after extraction
and purification of total iodine using a carbon tetrachloride method
and precipitation as silver iodide.
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129I deposition fluxes determined at the Fiescherhorn glacier (n), and those
based on data published by Wagner et al. 1996 (o). For this comparison,
the latter data were scaled with the ratio of the mean net accumulation rates
of the period 1950–1974. In addition, airborne emissions of 129I from the
European reprocessing facilities (black lines) and the total 129I which was
deposited in the northern hemisphere as a result of the atmospheric atomic
bomb explosions (green line) are shown. 129I releases before 1988, which
had to be estimated, are dashed.

Ice core sample cutting with a band saw (photo:
A. Ciric).
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DNA microarray technology allows for massively paralleled mon-
itoring of gene expression, as well as the study of gene regulation and
gene interactions at a global scale. Despite a ten-year history of DNA
microarray analysis, the technology still suffers from limitations such
as inter-experiment variability. While technical differences may influ-
ence gene expression results, standardized procedures, high-quality
microarrays, and appropriate data collection and transformation are
able to generate reproducible and comparable results across experi-
mental replicates and even laboratories. This is especially the case if a
common platform and a joint set of procedures are used.

Therefore, standardization of sample preparation and inter-study
consistency has to be improved. We have equipped our laborato-
ry with a Hamilton Microlab Star robot programmed to fulfill all
requirements of the microarray target preparation. The automated
method follows in principle the manual procedure regarding enzy-
matic reactions, but with substantial technical adaptations for the
robot and the external devices. Thus, we implemented a complete
method, from the total RNA starting material to the final hybridiza-
tion mix ready for chip application.

We have examined the reproducibility and quality of the auto-
mated RNA target preparation. Our data illustrate good RNA quality

Target preparation. Three series of eight identical mouse RNA samples (5
µg) were processed both manually and automatically. While both methods
show comparable yields, the automated procedure induces a reduced
variability across target preparations.

and high reproducibility of the automatic RNA target preparation.
The variations observed for cRNA yields, cRNA quality, and hy-
bridization intensities across automated target preparations are so
low that we suggest the implementation of our robotic method and
equipment for microarray analyses in general and on a routine basis.
Most importantly, we show that the technical inter-experiment varia-
tion is less pronounced than with manually prepared samples. The
low variability and the high reproducibility result in a standardized and
fully integrated protocol for microarray experiments.
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The automation system includes the robotic platform for sample, enzyme,
and reaction management, the thermocycler for incubations, and the
microtiter plate reader for RNA quantification. The whole set-up is integrated
and controlled by the Vector software.

Synthesis of eight cRNA from the same mouse liver total RNA.
Electropherogram view of Bioanalyser results. The automated target
preparation produces cRNA with good quality (peak > 34 sec. cRNA
fragment size ≈ 1800 bp).
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Between 1920 and 1963 roughly 4600 tonnes of ammunition,
containing mainly TNT as explosive, were disposed in Lake Thun.
Smaller amounts (280 tonnes) were dumped in Lake Brienz just after
World War II. In 2000, fishermen reported the occurrence of a large
number of white fish with morphologically altered gonads in Lake
Thun. Could this ammunition be the cause of these phenomena? In
a preliminary study carried out by a research group of Agroscope
Wädenswil, no explosive residues above the limit of quantification
were found in either the lake water or the sediments. In 2006, the
GBL acquired a highly sensitive LC-tandem mass spectrometer (API
5000) allowing detection at the lowest ng/l levels. Thus a monitoring
program was performed. Grab samples were taken at different time
periods and depths of Lakes Thun and Brienz as well as of several
tributaries. Additionally, several hot spots and environmental blank
samples were analyzed. Samples were enriched using solid phase
extraction (SPE), injected into the LC-MS/MS, and identified and
quantified using the MRM mode.

Much to our surprise, traces of three explosives could be clearly
identified in both lakes: Octogen (HMX), Hexogen (RDX) and Ni-
tropenta (PETN) at concentrations of 0.1–0.4 ng/l. No concentration
gradients of these explosive residues could be observed in the different

lake profiles indicating a homogeneous distribution. Of the tributaries
analyzed, only the Kander and Aare rivers contained minute amounts
of at least one of the explosives found in the lake. The analysis of
environmental blanks (e.g. the Oeschinensee) revealed no traces of
explosives. Hot spot samples, e.g. from the ammunition dump site
Steingletscher-Susten, showed concentrations of several explosives
such as TNT and its mono- and diamino metabolites, HMX, RDX
and PETN at µg/l levels. These results indicate that external sources
such as military activities and ammunition dump sites close to water
might play an important role in the contamination of the lakes. It must
be emphasized, however, that the concentrations of explosives found
in Lake Thun and Brienz are far below health-based drinking water
guide values as suggested by German authorities and therefore are
not expected to have a negative impact on lake water quality. Such low
concentrations of explosives do not seem to be responsible for the gonad
alterations in white fish. This statement is supported by the fact that the
specific gonad changes observed exclusively in Lake Thun are not found
in Lake Brienz which also contains traces of explosives.
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Lake Thun: a major tourist attraction in the Bernese Oberland (picture: GBL,
M. Zeh)

LC/MS/MS run of a water sample taken at a depth of 212 m (Lake Thun):
A) TIC, B) TIC 2nd period (ESI), C) EIC: 2nd period showing the presence
of HMX, RDX and PETNOctogen Hexogen Nitropenta
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Venoms of toxic animals contain a plethora of pharmacologi-
cally active molecules. Although only few of these molecules have
been identified, several of the already well-characterised toxins are
meanwhile being used in wide areas of cell biology as ‘chemical
scalpels’ to dissect molecular mechanisms.

The Central American spider Cupiennius salei rapidly anaes-
thetises its prey by injecting venom which acts through complex
and synergistic interactions of its components. Besides several pro-
teins and low molecular mass compounds, more than fifty different
polypeptides have been identified. These polypeptides are the main
focus of our research, which to date has revealed interesting struc-
tural and functional information as well as indications for poten-
tial applications: Cupiennins (2−4 kDa) are cationic linear peptides
adopting an amphipathic α-helical structure in membrane environ-
ments. In submicromolar concentrations they act bactericidally as
well as cytolytically by permeating membranes in a non receptor-
mediated manner. In the light of the rapid increase of multidrug

An adult female Cupiennius salei sits in the
axilla of a plant, holding its cocoon, which can
contain up to 1500 eggs. In the upper part of the
illustration the amino acid sequence of cupiennin
1a is given and structurally important lysines
are highlighted with a coloured box. The amino
acid sequence as well as the disulfide bridge
arrangement (cysteines are highlighted with
a coloured box) of CSTX-1 is presented at the
bottom of the illustration.

resistant bacteria, the cupiennins may help as tools to analyse the
general cytolytic membrane action as well as the molecular prereq-
uisites for high antimicrobial selectivity.

CSTX-1 (the Cupiennius salei toxin-1, 8 kDa), the main toxic
acting peptide in the venom of C. salei, contains the cystine-knot
motif, a structural characteristic of several ion channel blockers. In-
deed, functional studies have revealed that CSTX-1 inhibits insect
calcium channels. Thus the paralysis of prey animals by C. salei
venom appears to be largely due to an inhibition of Ca2+ influx into
nerve and/or muscle cells. Interestingly, due to its special struc-
ture, this peptide enables a high affinity interaction with a subtype
of L-type calcium channels expressed in mammalian neurons. Up
to now, subtypes of L-type calcium channels have been clearly
identified by molecular biology techniques but it has not yet been
possible to isolate them by pharmacological means. With CSTX-1,
a new pharmacological tool is now available that may aid in dissecting
the structure and function of L-type calcium channel subtypes.

Acknowledgements
We thank the Swiss National Science Foundation for their longstanding

financial support, the Austrian Science Fund, and especially U. Kämpfer,
J. Schaller and S. Schürch (Analytical Research and Services, Department
of Chemistry and Biochemistry, University of Bern) for their long-term
collaboration.

June 30, 2007

References
L. Kuhn-Nentwig, J. Schaller, W. Nentwig, Toxicon 2004, 43, 543.
H. Kubista, R. Mafra,Y. Chong, G. Nicholson, P. Beirão, J. Cruz, S. Boehm,
W. Nentwig, L. Kuhn-Nentwig, Neuropharmacol. 2007, 52, 1650.

doi:10.2533/chimia.2007.588



HIGHLIGHTS OF ANALYTICAL CHEMISTRY IN SWITZERLAND 671
CHIMIA 2007, 61, No. 10

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, EMPA St.Gallen, Lerchenfeldstrasse 5, 9014 St.Gallen
Phone: 071 274 77 87, Fax: 071 274 77 88, Mail to: veronika.meyer@empa.ch

Metabolic Profiling in Pharmaceutical
Drug Discovery – Robust and Automated
Analysis of Metabonomic Data Sets

Götz Schlotterbeck*a, Frank Dieterleb, Alfred Rossa, and
Hans Senna

*Correspondence: Dr. G. Schlotterbecka, Tel.: +41 61 688 07 52, Fax: +41 61 688 74 08,
E-Mail: goetz.schlotterbeck@roche.com
aF. Hoffmann-La Roche, Pharmaceutical Division, PRBD-E, CH-4070 Basel
bNovartis Pharma AG, Exploratory Development, CH-4002 Basel

Keywords: Biofluid · Mass spectrometry · Metabolic profiling ·
Metabolite projection analysis · Metabolomics · Metabonomics ·
NMR spectroscopy

Metabolic profiling of biofluids or tissues, also known as meta-
bonomics or metabolomics is a platform to investigate the metabolic
state of a biological system. Metabonomics is applied in nutrition,
agricultural research and more widely in pharmaceutical preclinical
and clinical settings for safety assessment of drug candidates, e.g.
relating to nephrotoxicity, hepatotoxicity, phospholipidosis or peroxi-
some proliferation.

Metabonomics involves the determination of changes in the con-
centration levels of low molecular weight endogenous metabolites
in biological samples resulting from physiological stimuli or genetic
modification. The aim of metabolic profiling is to extract latent bio-
chemical information that is of diagnostic and prognostic value and
which reflects ‘actual’ biological events in the network of metabolic
pathways, as opposed to the potential for such events reflected by
DNA or mRNA. Thus metabolomics provides a complementary as-
pect and useful connection between other ‘-omics’ platforms (tran-
scriptomics/proteomics) and the actual metabolic state and tissue
histology.

The analytical technologies typically include nuclear magnetic
resonance (NMR) and mass spectroscopy (MS) in combination with
a separation method such as gas or liquid chromatography (GC, LC).
NMR and MS complement each other in capturing metabolic data,
both in terms of sensitivity, ability for quantification, and potential for
structure elucidation of unknowns. Due to the complexity of spectra

of biofluids or tissues, statistical and multivariate data analysis tools
are used to identify and quantify significant changes of metabolites.

Recently, we introduced metabolite projection analysis (MPA),
a fast and automated way supporting identification of significantly
changed metabolites in a set of NMR spectra taken on body fluids of
treated and control group individuals.

Fast and robust preprocessing of complex metabolic profiling data
for multivariate data analysis can now be achieved. Significantly changed
metabolites in metabonomics data sets can be easily identified and as-
signed to metabolites without the need to inspect a high number of NMR
spectra. Thus metabonomics data sets can now be analyzed easier, faster,
more reliable and more accurate.
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1H NMR spectrum
of rat urine recorded
at 600 MHz (left) and
LC-MS profile (positive
mode) of rat urine
(right)
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In 1712, the Zurich authorities removed a collection of precious
manuscripts from the St. Gallen monastery, including a terrestrial
and celestial globe of c. 1570, to keep them in their own city. As
part of a settlement of the ensuing centuries-old dispute between the
cantons of Zurich and St. Gallen, the parties agreed in 2006 that an
identical copy of the richly painted globe should be created for future
display in St. Gallen whilst the original should remain in Zurich.

This decision presented a welcome opportunity to investigate the
materials and techniques used for the creation of this rare object.
Analysis of the pigments on the painted surfaces of the globe formed
an essential part of the research. In the analysis of valuable cultural
heritage, the choice of techniques is usually restricted to those with
minimal interference with the integrity of the object. In this particu-
lar case, taking samples for analysis had been ruled out.

Many traditional mineral pigments contain characteristic chemi-
cal elements, permitting their completely non-destructive identifica-

tion in situ by qualitative X-ray fluorescence spectrometry. A porta-
ble Bruker AXS Artax spectrometer was used because conservation
and security concerns did not allow the large, heavy and partially
disassembled globe to be moved from the Collections Centre of the
Swiss National Museums to an external laboratory. A 0.65 mm di-
ameter collimator permitted the analysis of small painted details.
Unlike most other XRF spectrometers, this particular instrument,
designed specifically for use in museums, can be set up directly in
front of an object, without using a vacuum chamber. A red laser
points through the collimator towards the object and indicates preci-
sely the spot to be analysed.

A series of analyses of the different colours, painted ornaments
and letters led to the identification of the historic pigments used.

With the help of the results of this investigation, a true-to-the-
original replica will be created, displaying the ‘old’ colours in a
fresh appearance – as the globe most probably looked in 1570.

Received: September 20, 2007
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The St. Gallen globe
at the Swiss National
Museum, Zurich

Setting up the XRF spectrometer for analysis

Focussing the X-ray
beam on one of the
gilded stars
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50 tons of spoiled meat discovered in Bavaria – authorities need 
to screen hundreds of warehouses! Spinach contaminated with E. 
coli leaves 200 people sick in the USA – rapid screening needed for 
suspected food! Epidemic − thousands of patients need to be rapidly 
screened in emergencies… What do these and similar headlines have 
in common? They all challenge modern analytical science in terms 
of sensitivity, specificity, speed, and especially throughput.

It appears that extractive electrospray ionization mass spectrom-
etry (EESI) provides a viable solution to these and other challenges. 
EESI is a variant of electrospray ionization (ESI). In ESI, the sample 
is present in solution and is nebulized and ionized under the influence 
of high voltage and with the aid of a desolvation gas. Mass analysis 
is performed with a mass spectrometer having an atmospheric pres-
sure ionization inlet; many different instruments for this purpose are 
available commercially. In EESI, the ion formation is turned ‘upside 
down’: a pure solution – usually water, which is sometimes acidified 
– is sprayed, and the sample, in the form of a gas, an aerosol, a vola-
tilized liquid, or material desorbed from a solid, enters the charged 
mist through the desolvation gas line. The sample molecules get ef-
ficiently ionized by charge transfer processes and can be analyzed 
in a standard fashion.

The power of EESI has been demonstrated in a number of practi-
cal applications: i) The rapid in vivo fingerprinting of breath without 
sample pre-treatment. Metabolic dynamics was promptly reflected 
in the EESI data.[1] ii) Non-invasive investigation of the maturity 

of fruit with high sensitivity, specificity, and high throughput. EESI 
fingerprinting of compounds released from various fruits yielded 
information on their ripening stages; the data were successfully dif-
ferentiated by principal component analysis.[2] iii) Direct, on-line 
analysis of biological matter such as skin, meat (even in the frozen 
state), and vegetables by directing a jet of N2 gas onto the sample 
followed by EESI-MS of the compounds liberated.[3]

Currently, unsolved questions concern the nature of the charging 
mechanism, whether nonvolatile compounds can indeed be sampled 
and analyzed, and the identity of many of the signals showing up in 
the mass spectra (to be investigated by tandem-MS). This novel ana-
lytical strategy represents a ‘green’ procedure for fast chemical 
characterization of virtually any biological object. It will have 
many applications in areas such as metabolic fingerprinting, 
homeland security, food safety, and medical diagnostics.
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Several publications have shown that milk from the lowlands,
mountains and highlands have different fatty acid compositions.
Milk production and processing is an important economic sector in
the mountain areas of Switzerland. Better knowledge of the quality
of milk fat and its influencing factors can lead to the development
of products in these areas with a higher added value which could
also be communicated to consumers.

The classical ISO method for the determination of the composi-
tion of fatty acids (i.e. gas-liquid chromatography of methylester
derivatives) allows only the determination of 18 fatty acids. With a
high-resolution gas chromatographic method it is possible to quan-
tify about 70 fatty acids. Conjugated linoleic acid isomers (CLAs)
are analyzed by silver-ion (Ag+)-HPLC.

Milk fat from the highlands (1275−2120 m) and mountains
(900−1210 m) contained a smaller amount of saturated- and more
monounsaturated fatty acids (MUFA). A nearly constant increase
with increasing altitude is seen for polyunsaturated fatty acids
(PUFA), linoleic acid (C18:2) and the sum of CLA isomers. The
essential omega-3 fatty acids are high in milk fat from the high-
lands. Investigation on the influence of the seasons (summer and
winter) in mountain regions show that summer milk had a signifi-

cantly lower concentration of saturated fatty acids and significantly
higher contents of MUFA, PUFA and CLA.

The differences in the composition of fatty acids of milk fats
depending on the altitude are likely to be due to botanical differ-
ences. It was, however, shown that the increasing CLA content is
not due to the altitude, but rather coincidentally correlates with it.
It is also hypothesized that the increase e.g. in the CLA content of
alpine summer milk is mainly due to pasture feeding and the ab-
sence or low amounts of concentrates. These effects could be also
amplified by specific body fat mobilization in cows with alpine-
specific hypoxia as well as reduced ruminal biohydrogenation due
to energy shortage or secondary plant ingredients that inhibit the
hydrogenating microorganisms in the rumen.

Milk fat from highlands appears interesting from the nutri-
tional point of view because of the great reduction of saturated
and the increase of polyunsaturated fatty acids. This could pro-
vide a positive opportunity for the promotion of alpine milk as
healthy products.
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Happy cows in the Swiss highlands. The molecule shown is cis-9,trans-11
octadecadienoic acid, the most important CLA isomer in cow milk.
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Speciation studies, i.e. the determination of the proportions and
physico-chemical properties of the various species of a chemical
substance, receive increasing attention as they set the basis for en-
vironmental management (e.g. pollution monitoring, water treat-
ment), process control (food industry), and biomedical analysis.
Historically, speciation has dominantly dealt with trace elements,
but these concepts are now applied to organic substances, such as
hydrophobic contaminants (e.g. PAHs, pesticides).

At the CABE (Analytical and Biophysical Environmental
Chemistry) group, one of the research interests is to study the
role of speciation of chemical substances on the transport of these
substances through (bio)interfaces (Fig. 1). For this purpose, we
develop and apply analytical tools for dynamic speciation.[1,2] We
focus on bioanalogical sensors[1] based on permeation liquid mem-
brane,[3,4] voltammetry,[1,3,5] and liquid-phase microextraction (Fig.

2). These sensors are based on the measurement of the fluxes of
given chemical species through their interface[1−3] (Fig. 2b and d).
These fluxes can be used in models to predict the bioavailability
of chemical species.

These techniques have been applied in the laboratory, e.g. to in-
vestigate the association of trace elements with aquatic colloids,[5,6]

biological exudates,[5] and antibiotics.[7] In addition, they were used
to study trace element biouptake of biological systems such as al-
gae[6] and plant roots.[5] These analytical tools have also been de-
ployed to perform in situ measurements of trace metal speciation in
fresh and seawaters[3,4,5,8] and to study biogeochemical cycles.[8]
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Fig. 1. Examples of mechanisms for the transport
through a biointerface of a chemical substance
S (e.g. an inorganic or organic pollutant) in the
presence of a complexant L.

Fig. 2. Analytical tools for dynamic speciation studies, based on permeation liquid membrane (PLM)
(a, b) and gel integrated microelectrodes (GIME) coupled with voltammetric detection (c,d). Schematic
representation of chemical processes occurring at the sensor/solution interface for PLM (b) and GIME
(d) devices. S: chemical substance of interest (metal or organics), L: complexant, C: carrier, X: strip
complexant, YS: non reactive complex.
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Human-generated stress of wildlife, through continually develop-
ing outdoor recreational activities, is of increasing conservation
concern as it often adds to other factors already adversely affecting
the dynamics of vulnerable populations. It remains unclear, how-
ever, to what extent rapidly spreading free-riding snow sports, as
a result of the intensifying winter tourism industry, actually elicit
detrimental stress upon wildlife, with associated fitness and sur-
vival costs. Using a non-invasive method, we evaluated the levels
of physiological stress induced by free-riding snow sports onto
free-ranging black grouse and capercaillie, both declining species
of alpine ecosystems. The concentration of stress hormone metabo-
lites were measured in droppings collected in the snow.
In black grouse the effect of human encounter on the concentration
of the faecal corticosterone metabolites (FCM) was investigated
experimentally. During wintertime black grouse rest most of the
time in igloos, which they burrow after each feeding session – twice
a day – anew. Hence, faeces are deposited twice daily and every

time in a new igloo. In an undisturbed habitat radiomonitored birds
were actively flushed from their snow burrows once a day, during
four consecutive days. The concentration of the faecal corticoste-
rone metabolites (FCM), determined with enzyme immunoassay,
increased continuously from control day throughout the end of the
experiment. Since flushing of black grouse and faecal sample col-
lection took place in the early afternoon, birds apparently remained
in a stressed state up to a minimum of 16 h after a flushing event.
In a comparative analysis, FCM of black grouse and capercaillies
were analysed in droppings collected in habitats of various levels
of human impact in the Alps as well as in the Black Forest. In both
species the FCM concentration was significantly increased in birds
living in areas with moderate to high recreation intensity compared
to those with low recreation intensity.
The analysis of the metabolites of the stress hormone corticoste-
rone in droppings proved to be a valuable method to monitor the
effect of human recreation activities on the metabolism of free-
ranging grouse. The studies showed that repeated disturbances
may clearly induce stress and, therefore, potential long-lasting
physiological effects which affect the birds’ fitness and survival.
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The autumnal coloration of deciduous trees is a most spectacular
natural phenomenon and coincides with the disappearance of chloro-
phyll (Chl). The fate of Chl was unknown until 1991 when the first
structure of a relevant Chl catabolite was elucidated by preparative
HPLC, UV, MS, and NMR.[1] Nowadays the path of Chl breakdown
is largely resolved, including the structure elucidation of catabolites
and the cloning of genes from catabolic enzymes.[2,3]

The structures of colorless Chl catabolites (NCCs) from leaves
and fruits of various plant species exhibit a common backbone
with an oxygenolytically opened chlorin ring. All remaining meso-
carbons are saturated and as a consequence NCCs do not absorb
visible light. These features indicate a largely conserved pathway
of Chl breakdown within higher plants. However, different plant

species also perform various peripheral modifications (R1-R3 in
the Fig.), which increase polarity and allow deposition of NCCs
inside the vacuole.

For a long time, Chl degradation during leaf senescence and
fruit ripening was rationalized by the plant’s aim to remobilize Chl-
derived nitrogen. Obviously this is not the case.Yet Chl metabolism
is a prerequisite for nitrogen reuse from Chl binding proteins, ac-
counting for about 20% of total cellular nitrogen. Mutants defective
in several of the enzymatic steps show cell death phenotypes and
accumulation of photo-reactive intermediates of Chl degradation.
Thus, Chl breakdown is a detoxification process. NCCs seemed
to be waste products without function, but recently they were
shown to be potent antioxidants, which might contribute to the
viability of ripe fruits, such as apples or pears.[4]
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Autumn leaves – a symphony in green, red, and yellow

Major stages of leaf senescence in Arabidopsis thaliana (thale cress). The
structures of chlorophyll (Chl) and final degradation products (NCCs) are
shown. R1−R3 are sites of modifications found in NCCs from different plant
species.
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In situ Element-Specific and Time-Resolved
Investigation of Micro-Corrosion Processes
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Detailed information on corrosion processes provides the key
to effective prediction and minimization of corrosion damages.
The initiation stage of material decomposition plays a special role,
since the corrosion often starts at the weakest locations such as
surface defects, grain boundaries, segregations or inclusions. How-

ever, surface analysis or electrochemical methods commonly used
in corrosion research (e.g. electrochemical methods, SEM-EDX,
etc.) cannot present local element-specific and online in situ infor-
mation at the same time.

As a solution a technique for localized element-specific investi-
gations of corrosion processes has been developed. The technique
is based on an adjustable online microflow-capillary set-up espe-
cially designed for local in situ experiments at trace and ultratrace
concentration levels. The capillary is online connected via flow in-
jection (FI) analysis system to an inductively coupled plasma mass
spectrometry ICP-MS. FI allows a transient sample introduction,
whereas ICP-MS is designed for highly sensitive multi-element
quantification.

The efficiency of the developed technique could be proved by
corrosion susceptibility analysis of a commercial aluminum alloy.
The influence of various factors such as exposure time or pH value
of corrosive media on the element-specific dissolution rates was
studied in alloy AA 6111. This information is especially valuable
for alloying elements present in the alloy in sub-percent quantities,
which could also be detected in very low concentrations in the
solution as e.g. Cu and Mn. The element-specific investigation of
corrosion behavior of AA 6111 revealed a relatively high release
of the secondary alloying element Cu in the studied pH range. New
insights into the behavior of copper during the corrosion pro-
cess, not fully understood so far, can be obtained with the newly
developed in situ experiments.
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Time-resolved dissolution behavior of Mn and Cu in AA 6111 using 0.1 M
NaCl corrosive media at different pHs Principle of the novel microcapillary FI-ICP-MS set-up

Corrosion is an economic issue since it destroys material goods
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Plant Metabolomics – Strategies for Biomarker 
Detection, Isolation, and Identification
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Recent developments in analytical methods and data mining have 
permitted metabolomics to evolve from an ambitious concept to a valu-
able technology which provides a global picture of molecular organisa-
tion at the metabolite level. 

A strategy was developed for the detection, isolation, and identifi-
cation of stress-induced metabolites produced in Arabidopsis thaliana 
after wounding the leaves, which mimics the herbivore attack. Although 
several defence signalling compounds are identified, the expression of 
some of the defence genes is probably dependent on original compounds, 
which still need to be characterized. Therefore, the structure determina-
tion of these biomarkers represents an important analytical challenge 
since they are only found in minute amounts in plants, occur as closely 
related isomers and are convoluted with major constitutive plant second-
ary metabolites.

The developed metabolomic approach was based on a sequential 
strategy:
1) 	 High-throughput metabolite fingerprinting involving rapid UPLC-TOF-

MS gradients on numerous wounded and unwounded leaf samples. 

2) 	 Data mining for group discrimination and determination of peaks 
responsible for the main metabolome variations. 

3) 	 High-resolution metabolite profiling of selected pool samples on 
high peak capacity UPLC columns after efficient gradient transfer 
for the localisation and deconvolution of the selected ions. 

4) 	 Targeted LC-MS triggered microfractionation of the biomarkers at 
the semi-preparative level based on computed LC conditions from 
UPLC gradients. 

5) 	 Complete structural determination of the unknown compounds based 
on at-line capillary-NMR experiments at the microgram level. 
Thank to this strategy a broad survey of wound-biomarkers with vari-

ous physicochemical properties was obtained and, besides known sig-
nalling molecules, original oxylipins and related products (jasmonates) 
were identified. This approach provides a rapid estimation of the 
significant wound metabolome variations, the identification of bio-
markers involved in these changes and detailed information on their 
temporal and spatial dynamics. 
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Analytical steps for the identification of stress biomarkers in plants 
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Monitoring the ground-level air quality requires sensitive gas analysers
capable of detecting air pollutants at the nmol • mol-1 or mm3 • m-3 level.
Quality systems require e.g. that gas analysers be periodically adjusted with
certified reference gas mixtures for the span points and with so-called zero
gas for the zero point. At low concentration values however already trace
amounts of analytes in the zero gas at the time of instrument adjustment
contribute considerably to the measurement uncertainty.

Under field conditions it is not guaranteed that zero air generators are
working permanently as specified, specially e.g. at periods of high ambient
air pollutant concentrations or extreme weather conditions. Residual amounts
of analytes may therefore accidentally be present in zero air and cause adjust-
ment and thus measurement errors.

METAS has therefore established the infrastructure to measure traces
of numerous pollutants in zero air from zero air generators under simulated
operating conditions allowing specifying residual amounts of analytes under
close application conditions.

To measure the performance of zero air generators, they are fed with a
series of standard gas mixtures with known ‘worst case’ ground-level con-
centrations. Ambient air concentrations vary with time and can not be used
for this purpose. For the detection of the remaining analyte traces the best
suited, i.e. most sensitive and specific available analytical methods are used.
For e.g. NO and NO2 it is the chemiluminescence method with O3, for CO
non-dispersive infrared absorption. The sample with the unknown amount is
the outlet gas mixture of the generator.

The results show, that this zero air generator meets the specifications and
regulatory requirements under the test conditions. The chemiluminescence
method for NO2 and NO is just fit for purpose to reach the necessary detec-
tion limits.

Measurement capabilities are presented for testing the performance
of zero air generators under close operating conditions. The analytical
methods meet the required sensitivities for critical analytes, but need
further developments for other analytes, e.g. CH4, to approach ‘zero’
closer
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The trend of the measurement uncertainty contribution for the instrument
adjustment at the zero point with an assumed uncertainty of 10 % and at
the span point at 100 (nmol • mol-1) of 2 % for the standard gas mixture,
respectively, is shown.
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Schematic of measurement set-up for zero air generators with the gas
supply and the analytical methods. IMR-MS: ion molecule reaction mass
spectrometer. The zero air generator is shown only with the compressor
and the final filter elements.

Summary of test results for three analytes for a modern zero air generator,
the specifications and regulatory requirements. U: expanded uncertainty
with a confidence interval of ≈ 95 % for values above the detection limit.
aDetection limit. bSum of x NO2 and x NO. n.s.: not specified.

Sample Amount of substance fraction (x) of analyte
(nmol • mol-1)

x NO2 U x NO U x CO U

Standard gas mix-
ture at inlet

76.7 1.0 65.0 0.8 2025 22

Outlet gas <0.7a 0.7 0.2 <6a

Specifications of
generator

<1b <1b <10

Swiss regulatory
requirements for
zero air

<0.56 n.s. urban: <88.5
rural: <8.8
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Deep-UV Detector for HPLC with
Light-Emitting Diode
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Light-emitting diodes (LEDs) give off relatively narrow spec-
tral bands whose wavelengths are directly related to the bandgap
energy between the p- and n-doped semiconducting materials em-
ployed. They were commercialised in the early 1970s and were
first made available for the infrared and then the red region of the
visible spectrum. Subsequently LEDs with ever shorter wave-
lengths, which are more difficult to produce due to the higher en-
ergies involved, have become available. At the same time it was
also possible to increase the intensities to the point that they now
become attractive as more efficient replacements for conventional
light sources. Standard LEDs have emission bandwidths of about
30 nm, matching well the absorption bandwidths of molecules.
Thus the use of LEDs as radiation sources for spectrophotometric
instrumentation, eliminating the need for monochromators, was
suggested in 1973. LEDs now have found application in analytical
instruments where compactness and low power consumption are
required and low cost is desired, but where flexibility in wave-
length setting is not needed.

Recently the wavelengths attained with LEDs have reached the
deep UV-range below 300 nm, and this opens up new possibilities.
While the intensities are presently not adequate for excitation in
fluorescence, absorbance measurements are feasible. This has al-
lowed the construction of an unprecedented simple and compact
detector for HPLC. For measuring the intensity of the UV-light, a
special photodiode, which had been designed for UV-radiometry,
was employed. The photocurrent was converted to an output volt-
age by using a simple operational amplifier in an integrated circuit
package. The wavelength of 255 nm is useful for many aromatic
compounds.

Test mixtures of benzoic acid, nitrobenzene, benzyl acetate and
methyl benzoate were separated using an acetonitrile/water gradi-
ent elution program. Limits of detection of 750 ng·ml–1, 5.8 µg·ml–1

and 12 µg·ml–1 were obtained for nitrobenzene, benzoic acid, and
methyl benzoate, respectively. These values correspond to the rela-
tive absorptivities of the compounds at 255 nm and are close to the
detection limits obtained with conventional commercial detectors.
The detection limit for benzyl acetate was not determined as the
sensitivity for this compound is low, due to a poor spectral match.
Further improvements in deep-UV LED technology in terms of
intensity and shorter wavelengths can be expected. They will
lead to lower limits of detection, which match or surpass those
of conventional detectors, and to an even wider range of ap-
plications in absorbance measurements.
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The flow-through cuvette is fixed in the black holder; the UV-LED and the
photodiode are attached on its sides
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Hexabromocyclododecanes: From Smart
Molecules to Persistent Pollutants
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In the seventies, about 70% of the world’s bromine production of
400 000 t/y was used for 1,2-dibromoethane synthesis, a fuel addi-
tive for leaded gasolines. The implementation of three-way catalysts
stopped these activities. Nowadays, brominated flame retardants
(BFRs) such as polybrominated diphenyl ethers (PBDEs), tetrabro-
mobisphenol A, and hexabromocyclododecanes (HBCDs) are the
major bromine products. BFRs are added to polymers used in elec-
tronic devices, textiles, and insulation materials to lower their flam-
mability. The EU has banned the use of penta- and octa-BDEs, but
HBCDs, currently produced at >20 000 t/y, are still allowed.

Persistence, bioaccumulation potential, and toxicity are impor-
tant aspects to decide which BFRs have to be regulated as persistent
organic pollutants under the Stockholm convention. It is our interest
to elucidate the fate of such chemicals, to study their transformation
processes and to develop safer alternatives.

When the EU started a risk assessment on HBCDs, we realized
that neither HBCD stereochemistry nor selective analytical methods
were known. We isolated eight of the 16 HBCD stereoisomers and
assigned the absolute configurations of three pairs of enantiomers
(6a/b, 7a/b, 8a/b). Lately, the two meso forms could be assigned to
structures 9 and 10. In parallel, we developed LC-MS methods to
distinguish different stereoisomers.

A conformational analysis revealed that HBCDs are remarkably
similar. We identified a structural motive consisting of three pairs of
equally oriented synclinal and two antiperiplanar torsion angles. We
found increased reactivity in the flexible part, whereas the conserved
motive was less reactive. The understanding of such structure–activ-
ity relations is a key element to model environmental transport and
transformation.

Some HBCDs accumulate in the environment. Most striking
is the fact that γ-HBCDs (8a/b) are abundant in technical prod-
ucts, but α-HBCDs (6a/b) dominate in biological samples. The
left-handed form of both α-HBCD enantiomers (6a) is enriched
in human breast milk.

A comprehensive risk assessment for chemicals of such high-
production volume requires detailed structural information and se-

lective analytical methods to study the fate and toxicity of the in-
dividual isomers. In this respect our odyssey on HBCDs might be
considered as an analytical highlight but further challenges are ahead
of us to assess benefits and risks of HBCDs.
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Structure elucidation of eight of the 16 possible 1,2,5,6,9,10-HBCDs was
achieved by XRD and NMR analyses. Compounds 6a/b are more persistent
and bioaccumulative than the others. A structural motive consisting of
three pairs of synclinal and two antiperiplanar torsion angles was found to
be conserved and less reactive.
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Mass Extinction and Mass Spectrometry:
Pursuing the Fate of the Earliest Multicellulars
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Since the middle of the last century, stable isotope analyses
have been successfully applied to earth science problems. Up to
ten years ago only the lighter elements (mainly H, O, C, N, and S)
were analysed, as isotope fractionations of heavier elements were
analytically not resolvable. The invention of multicollector plasma
source mass spectrometers (MC-ICP-MS) largely overcame these
problems. In 1998, the Institute of Geological Sciences in Bern
acquired a NuInstruments™ MC-ICP-MS. One of the develop-
ments of our group has been the protocol for measuring the Mo
isotope fractionation to study the evolution of free oxygen through
Earth history. The principle is that Mo is very soluble as oxyanion
(molybdate), but immobile in reducing environments. The varia-
tions of the 98Mo/95Mo ratio in present-day oceans are as large as
3 permil, which is well-resolved given our analytical uncertainty
of 0.1 permil.

About 600 million years (Ma) ago, at the end of the Precambri-
an era, the dominant life forms were a group of the earliest multi-
cellular, soft-bodied animals, the so-called Ediacara fauna. About
540 Ma ago, at the Precambrian/Cambrian boundary, this biota was
wiped out. This mass extinction provided room for new lifeforms,
notably species with skeletons.

Late Precambrian oceans were stratified, with a deep layer
where the decomposition of settling organic matter led to H2S pro-
duction by sulfate reducing bacteria. Dissolved molybdate (deriv-
ing from weathering of continents) accumulated in the upper layer.
According to our hypothesis, a major change in ocean circulation
produced an upwelling of the deeper waters and thus the mixing
of H2S-rich deep waters with Mo-rich upper waters. H2S is the
only scavenging agent that could have been present in large
enough amounts to produce the quasi complete Mo removal
from ocean water, and this dramatic removal is necessary to
explain the observed fast fluctuation of the Mo isotope signal,
which is archived in coeval black shales. This sudden burst of
toxic H2S erased the shelf-dwelling Ediacara fauna. Subsequent
oxidation of H2S by atmospheric oxygen allowed the shallower
oceans to become habitable again.
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Ediacaran fauna, painting by Mary Parrish (Courtesy of Smithsonian
Institution, Washington, DC)

Earliest Cambrian black shales (Yangtze Platform, China), rocks which
carry the Mo isotope signal following the extinction event
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Bile acids are the major degradation products of cholesterol 
and important mediators of dietary lipid absorption. They un-
dergo considerable structural modification through hepatic and 
intestinal metabolism, which leads to a pool of over 20 simi-
lar compounds being reuptaken to a great extent by an efficient 
enterohepatic circulation. Thus, bile acids can be detected in the 
systemic circulation of healthy volunteers at concentrations in 
the micromolar range.

Moreover, bile acids are biologically important as ligands 
of the nuclear receptor farnesoid X receptor (FXR) and hence 

regulators of lipid and carbohydrate metabolism. In particular 
the primary bile acid chenodeoxycholic acid (CDCA) is known 
as the most potent natural activator of human FXR, whereas more 
hydrophilic species such as ursodeoxycholic acid (UDCA) are 
poor activators. Our interest lies in determining whether changes 
in bile acid pattern are linked with an imbalance in glucose or 
lipid metabolism and thus the occurrence of metabolic diseases.

Currently, quantification of bile acids based on an enzymatic 
assay is performed routinely as a diagnostic tool in several dis-
eases. Unfortunately, this method is only applicable for the de-
termination of total bile acids. We therefore developed a method 
based on liquid chromatography/mass spectrometry for the dif-
ferentiated and sensitive analysis of these compounds.

A second method was developed for the bile acid precursor 
7α-hydroxy-4-cholesten-3-one (C4) in order to provide informa-
tion about the input of de novo biosynthesis out of cholesterol in 
contrast to the input coming from intestinal reabsorption of bile 
acids. 

Both developed methods are based on solid-phase extraction, 
reverse phase chromatography and selective reaction monitoring 
(SRM). Ionization is performed either by electrospray ionization 
for the 15 major human bile acids or by atmospheric pressure 
chemical ionization for C4.

The main benefits of these methods are the rapid separation of 
15 similar compounds including isomers, little sample prepara-
tion and low sample volume (100 μl serum for the bile acids and 
250 μl for C4, respectively).

The described methods will allow us to determine the 
significance of bile acid quantification in patients suffering 
from various diseases including metabolic syndrome.
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Identification of a Red Wine Marker in Residues from 
a 13th Century Cellar 
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In 2007, archaeologists of the canton Baselland discovered 
the remains of a building from the late 13th century in Pratteln. 
These buildings were part of the medieval Meier yard (Latin: 
maior, local bailiff) belonging to the monastery St. Alban in Ba-
sel founded in 1083. Castings of timber beams in the floor of one 
cellar have been interpreted as supports for wine barrels. Puz-
zling red-brownish colorations in the floor of the neighboring 
cellar were postulated to be caused by red wine and to indicate the 
location of the wine press, respectively. To test this, we applied 
the highly specific and sensitive technique of MALDI-TOF/TOF 

mass spectrometry for the first time to screen for the red wine 
marker syringic acid in the colored floor samples.

Upon ageing, malvidin-3-glucoside, a major natural pigment 
in red wine, polymerizes to complex, stable, red-brownish pig-
ments. Alkaline fusion releases syringic acid from the malvid-
in-3-glucoside present in these complex pigments. Analyses of 
prepared samples were performed with an Applied Biosystems 
4800 MALDI-TOF/TOF Analyzer in the negative-ion mode us-
ing 3-aminoquinoline as the matrix.

We detected a specific signal with m/z = 197 (corresponding 
to deprotonated syringic acid) in the colored floor sample. This 
signal was absent in controls from non-colored sites of the floor. 
Collision-induced dissociation of that precursor ion resulted in 
prominent fragment ions with m/z = 153 and 123, which could 
be explained by the loss of CO

2
 (44 Da) and of CH

2
O (30 Da) 

molecules from the molecular ion. Comparison of the fragmenta-
tion pattern with that of a syringic acid reference finally proved 
the presence of syringic acid in the colored samples. The identi-
fication of syringic acid thus revealed the red wine origin of the 
preserved, colored residues in the medieval cellar.

In support of historical records, these results provide the 
first proof by analytical chemistry that red wine was pro-
duced already in the 13th century in Pratteln. In this study, 
MALDI-TOF/TOF mass spectrometry helped to identify the 
ancient Meier yard as a wine farmhouse and is proof of one 
of the oldest medieval wine farmhouses in Switzerland. This 
application of a MALDI-TOF/TOF instrument has helped to un-
ravel oenological history in Switzerland, and it is also a promis-
ing tool for future applications in food sciences.

Received: January 8, 2009
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MALDI-TOF/TOF spectrum of syringic acid in the colored sample (top). Release of syringic acid from
malvidin-3-glucoside through alkaline fusion and subsequent analysis by MALDI-TOF/TOF MS. The
structures of malvidin-3-glucoside in the polymerized pigment, syringic acid, and the two fragment ions
with m/z = 153 and 123, respectively, are shown (bottom).

Red-brownish colorations in the floor of the medieval cellar (Picture: 
Archäologie Baselland)

MALDI-TOF/TOF 
spectrum of syringic 
acid in the colored 
sample (top). Release of 
syringic acid from
malvidin-3-glucoside 
through alkaline fusion 
and subsequent 
analysis by MALDI-TOF/
TOF MS. The
structures of malvidin-
3-glucoside in the 
polymerized pigment, 
syringic acid, and the 
two fragment ions
with m/z = 153 and 123, 
respectively, are shown 
(bottom).
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Hair Testing: A New Area in Forensic Toxicology
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Interesting methodological developments in the last twenty 
years have increased the role of hair in forensic toxicology. The 
first period (1989–1998) was devoted to the analysis of classical 
drugs of abuse, such as opiates, cocaine, cannabinoids, amphet-
amines and benzodiazepines (the most abused pharmaceuticals 
in Europe and Switzerland). Most of the developed methods 
for these compounds were the work of active researchers re-
grouped under the auspice of the international Society of Hair 
Testing (SoHT) founded in December 1995. The second period 
(1999–2008) was characterized by the detection in hair of a sin-
gle exposure and the related applications in doping control or in 
drug-facilitated crimes. Hair analysis can essentially contribute 
to doping analysis in special cases, in addition to urine. Some 
methods were also published for the determination of biomarkers 
(e.g. ethylglucuronide, a marker of alcohol abuse), since ethanol 
is not directly detectable in hair. Still more recently, hair analysis 
was also presented as a powerful tool for documenting a clinical 
case of dioxine over-exposure. 

The first step in hair testing is the sampling: the hair is col-
lected from the vertex posterior as close as possible to the scalp. 
Generally a lock of 20 to 30 hairs is collected. When a segmental 
analysis is required, the laboratory has to cut the hair in sections 

of 1 to 3 cm. Then the hair is pulverized, incubated in a solution 
of acid or organic solvent in order to extract the compound(s) of 
interest from the hair matrix. After a purification step, the extract 
is analyzed by gas or liquid chromatography coupled to mass 
spectrometry (e.g. GC/MS, GC/MS/MS, LC/MS or LC/MS/MS). 
All these techniques are recognized as the ‘gold standard’ in hair 
analysis.

Hair analysis has opened a new area in forensic toxicology 
because hair is the unique sample which allows having toxico-
logical history over a time window of weeks to months.

Received: 21. Feb. 2009
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Principle of hair analysis: 
decrease of consumption 
with two month of 
abstinence (concentration of 
cocaine in hair)

Hair sampling: the first important step in hair testing
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When Machine Tastes Coffee: Successful Prediction 
of Coffee Sensory Profiles by Instrumental Methods 
Based on On-line PTR-MS

Christian Lindinger*a, Chahan Yeretzianb, and Imre Blankc

*Correspondence: Dr. C. Lindingera, Tel.: +41 21 785 93 84, Fax: +41 21 785 85 
54, E-mail: christian.lindinger@rdls.nestle.com
aNestlé Research Center, Vers-chez-les-Blanc, CH-1000 Lausanne 26
bZurich University for Applied Sciences, Department Life Sciences and Facility 
Management, Institute for Chemistry & Biological Chemistry, CH-8820 Wädenswil
cNestlé Product Technology Center, CH-1350 Orbe

Keywords: Chemometrics ∙ Coffee flavour ∙  
Predictive modelling ∙ PTR-MS ∙ Sensory profiling 

Flavour scientists have long been exploring what makes cof-
fee smells so good. Analytical chemists have discovered a range 
of impact compounds contributing to coffee flavour, while sen-
sory scientists have developed hedonic methods for accurate cof-
fee flavour profiling. Although both approaches look at the same 
phenomenon, albeit from different perspectives, correlating in-
strumental data with sensory profiles has proven to be a difficult 
task. This is due to two fundamental challenges.

First, intensity scales in sensory and analytical measurements 
are of fundamentally different nature. Sensory attributes are eval-
uated within an arbitrary range (e.g. 0 to 10). In contrast, instru-
mental measurements result in signals that are not restricted in 
intensity, thus leading to very different relationships between the 
intensities of sensory versus analytical signals. Second, sensory 

scores are not proportional to concentration and each odorant 
follows a specific non-linear sigmoid dose–response curve. In 
contrast, instrumental signals are in general linear with concen-
tration. Hence, diluting coffee by a defined factor will result in 
instrumental intensities reduced by the given factor leaving the 
signal intensity ratios unaltered. However, diluting coffee makes 
its sensory profile not just less intense, but may result in a flavour 
profile of its own.

We have succeeded to accurately predict sensory profiles of 
espresso coffees of different cup sizes and flavour profiles based 
on instrumental Proton Transfer Reaction-Mass Spectrometry 
(PTR-MS) data, by applying a novel chemometric strategy. Cor-
relation was conducted according to a knowledge-based stand-
ardization of sensory and instrumental data. The key to success 
was a procedure removing the information of absolute intensities 
leading to data sets essentially containing only quality informa-
tion (sensory profiles and instrumental data; green arrow in the 
Fig.). From here on, the correlation could be completed accord-
ing to well known procedures of principle component regression 
(PCR). 

The result is a powerful predictive tool for coffee sensory 
profiles (Fig. centre), applicable to short cups as well as Lungo 
coffees. The predictive model was validated on a set of eight ad-
ditional coffees. Furthermore, the prediction of sensory profiles 
can be accomplished by on-line PTR-MS within two minutes.

� Received: March 6, 2009
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Sensory predictive model: Once the sensory attributes 
and analytical signals are selected for maximum 
differentiating potential, PTR-MS data and sensory 
profiles are standardized to equal weight. In the 
case of sensory data, only a few corrections are 
needed since all attributes are already evaluated 
within an arbitrary range (0 to 10). PTR-MS data were 
standardized to the mean value for each individual 
chemical marker considering all samples. This data 
treatment, which is different from that of the sensory 
data, does not entail any limitation to a minimum or 
maximum value, thus allowing subsequently adding 
even more extreme coffee samples to the model. A 
knowledge-based standardization and normalization 
procedure of both datasets (green arrow) permits 
removing the information of absolute intensities and 
focusing on data that essentially contain only quality 
information. The correlation of both datasets by using 
PCR resulted in a robust and reproducible predictive 
model. Centre: Two examples of distinctively different 
coffees showing the sensory profiles and model 
results.
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21st Century HPLC Method Development
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Developing chromatographic methods to separate impurities 
in drug substance and product can require indefinite amounts of 
time and effort and result in methods that may still not be robust. 
The Solvias approach considers all of the operating parameters 
in such a way that methods are developed in the shortest time 
whilst also delivering the highest assurance of robustness. How 
is this achieved?

Method Development Strategy
1.	 Assess the physico/chemical properties of the analytes.
2.	 Use short sub-3 micron LC columns for fast chromatography.
3.	 Select up to six stationary phases, based upon selectivity dif-

ferences and security of supply of columns.
4.	 Select up to two organic and twelve aqueous mobile phases, 

e.g. different pH values based upon pKa, log P, and theoretical 
stability of the analytes.

5.	 Select the gradient times.
6.	 Select as many temperatures as desired.
7.	 Model the results using retention modelling software. Decide 

upon the best conditions considering speed, resolution, and 
robustness (areas of the design space in which changes would 
still produce an adequate performance).

8.	 Verify the optimum conditions predicted by the software.
9.	 Up-scale to a longer LC column (if required).
10.	Optimise the reporting.
11.	Proceed to method validation.

Established methods for quality control have a well-defined 
design space making it an easy task to incorporate new data from 
stability studies to expand the model reliably for stability indicat-
ing purposes. For example, the resolution map shows the opti-

mum separation of 11 components (the red part of the diagram). 
The predicted separation was verified and showed a good fit.

Chromatographic separations are often developed in an 
unsystematic ad hoc manner leading to problems later on. 
State of the art practices and experience can be used to ac-
celerate method development and to provide robust methods 
that are supported by scientifically sound design space.

Received: April 22, 2009
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Resolution map for the gradient time/temperature model for eleven 
compounds.

Software prediction

tG= 3 min; 37°C

input data
x

Rs

Resolution map

HPLC method development platform with high pressure option up to 
600 bar.

1 2 3 4

1

6

3

9
7

2

4

5

8
10

11

min0

A
b
s
o
rb
a
n
c
e

software prediction

t0

min1 2 3 4

DAD1 B, Sig=214,8 Ref=360,100 (090225\BASE GRADIENT DRYLAB_2 2009-02-25 11-11-25\090225_A000004.D)

actual run

1

6
3

9

7

2

4

5

8
10

11

A
b
s
o
rb
a
n
c
e

Comparison between predicted and experimental separation of eleven 
compounds.



522 CHIMIA 2009, 63, No. 7/8 COLUMNS

Highlights of Analytical Chemistry in Switzerland

Division of Analytical Chemistry
A Division of the Swiss Chemical Society

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, EMPA St.Gallen, Lerchenfeldstrasse 5, 9014 St.Gallen
Phone: 071 274 77 87, Fax: 071 274 77 88, Mail to: veronika.meyer@empa.ch

doi:10.2533/chimia.2009.522

Alcohol Markers Reveal Relapse Drinking Episode
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Alcohol abuse and alcohol dependence are major public health
problems. Because of the known ability of alcohol abusers to hide
their addiction and the importance of an early diagnosis of alcohol
abuse, assays for the verification of alcohol intake are required. Di-
rect ethanol metabolites (ethyl glucuronide and ethyl sulfate) and
changes in the isoform pattern of transferrin (Tf) present in serum
are biomarkers for recent and chronic excessive alcohol intake, re-
spectively. The two ethanol metabolites are non-volatile, water sol-
uble and stable. They can be detected in serum and urine hours after
complete elimination of the ingested alcohol. The microheteroge-
neity of Tf isoforms changes upon chronic consumption of large
amounts of ethanol: the relative amount of desialylated isoforms
becomes higher compared to the pattern of healthy teetotalers and
social drinkers. Carbohydrate-deficient transferrin (CDT) encom-
passes Tf isoforms with zero (asialo-Tf) and two (disialo-Tf) sialic
acid residues in the carbohydrate side chains of the molecule.

Longitudinal monitoring of individuals with a history of alco-
hol abuse is important for the early detection of relapse drinking
after abstinence and in legal cases. Alcohol, alcohol metabolites,

and CDT levels should therefore be determined on a regular basis
over an extended period of time. In sera of a patient collected over
a period of more than four months, alcohol could not be detected.
The same was true for ethyl sulfate in the first sample collected after
a three-week break. Analysis of CDT, however, revealed about a
twelve-fold increase of CDT after the three-week interval without
sample collection. CDT levels before the break and again in the
samples collected later than five weeks after the break were normal.
Sera were analyzed by a capillary electrophoresis assay for which
the upper reference value was determined to be 1.70%. Asialo-Tf
could be unambiguously detected in the first four samples after the
break. The presence of asialo-Tf and the high amounts of disialo-Tf
and thus CDT monitored and the characteristic decay of these levels
thereafter unambiguously revealed an episode of relapse drinking
of this patient. This example demonstrates that the capillary
electrophoresis assay applied to samples from patients with sus-
pected chronic excessive alcohol consumption provides a solid
basis to identify alcohol abusers.

Received: May 15, 2009
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CDT, disialo-Tf and asialo-Tf serum levels determined by capillary
electrophoresis in samples of a patient collected over a 132-day period.

Electropherograms showing the transferrin patterns of three sera. 0,
asialo-Tf; 2, disialo-Tf; 3, trisialo-Tf; 4, tetrasialo-Tf; 5, pentasialo-Tf; 6,
hexasialo-Tf. Data at days 10 and 78 show normal transferrin patterns
whereas that at day 31 is typical for an alcohol abuser.

How much is too much?

TIME [days] TIME [days]
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Human Fingerprint Imaging by Scanning Electro-
Chemical Microscopy (SECM)
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Fingerprints constitute a valuable tool for human identification 
because of their permanence and extreme discriminating power. 
The latter is thanks to the fact that fingerprints are characterized 
by a unique combination of specific features like the flow of the 
ridges (i.e. overall pattern), the ridge path deviations (e.g. ridge 
endings, bifurcations), and finally the intrinsic ridge characteris-
tics (e.g. ridge shape, pores). As a consequence, forensic scientists 
have used fingerprint analysis for identification purposes for more 
than a hundred years. Human identity verification is obtained by 
the comparison of a fingermark found at a crime scene with the 
fingerprints collected on a suspect, or stored in a database. There-
fore, the quality of the obtained image when imaging fingermarks 
is a major issue. Indeed, most of the time, marks left on touched 
objects and surfaces are not visible to the naked eye (i.e. latent fin-
germarks). This is due to the fact that they are composed of a mix 

of organic and inorganic compounds in small quantities which are 
deposited on the surfaces when touched by bare hands. During the 
last decades, the development of new techniques for fingerprint de-
tection has been extensively pursued, since traditional methods of 
fingerprint detection may be unable to provide high quality images 
when dealing with not ordinary surfaces (e.g. multicoloured back-
grounds, contamination with body fluids or other components, and 
porous surfaces).

Recently, it has been shown that visualization of latent fin-
germarks can be enhanced by using Scanning ElectroChemical 
Microscopy (SECM) combined with silver-staining (left side of 
the Fig.), benzoquinone tagging (right side of the Fig.) or multi-
metal-deposition technology. In the first two cases the protocol is 
based on the staining of latent fingerprints by silver salts or benzo-
quinone, whereas in the latter case the latent fingerprint is coated 
first with gold nanoparticles that are then coated with silver by 
electroless deposition, allowing the fingerprint detection by the 
same principle showed on the left side of the Fig. 

SECM provides the forensic scientist a new tool for the 
visualization of human fingerprints on unusual surfaces. In 
addition, fingerprint images are obtained with such a high 
resolution and sensitivity that information on pore shape and 
position can be easily obtained to be used for the identification 
process.
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Top: Constant height SECM images 
of a fingerprint developed by silver 
staining (left) or benzoquinone 
tagging (right). Bottom: Schematic 
representation of the detection 
principle of silver nanoparticles 
containing fingerprints (left) and 
benzoquinone-tagged fingerprints 
(right).
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How Should the Release of Bisphenol A from Baby
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Bisphenol A (BPA) is probably the most famous synthetic
chemical known to have an estrogenic effect. The Agence
Française de Sécurité Sanitaire des Aliments (AFSSA) dealt
with the question of whether microwave heating could result in
higher concentrations of BPA from the polycarbonate of the bot-
tle wall than considered so far, starting out from the bench mark
of 50 µg/kg supported by the European Food Safety Authority
(EFSA). Initially it seemed to be simple: polycarbonate absorbs
little energy. Ehlert et al. supported this view: concentrations
were clearly below 1 µg/l, as many tests reported with conven-
tional heating. There was a single contrasting report from 2003,
and it was from the German consumer journal Oeko-Test: BPA
concentrations reached 157 µg/l with microwave heating, almost
1000 times more than all the scientific papers gave.

It turned out that the data reported by Oeko-Test was obtained
with tap water. This opened the eyes to a more fundamental prob-
lem: In the past, milk was simulated by distilled water, focusing
on migration, i.e. on diffusion to the surface of the plastic and
transfer into the food. However, we have shown that BPA mi-
gration is negligible compared to release by hydrolysis of the
polymer, primarily in alkali media. Upon heating of tap water,
CO

2
evaporates which shifts the hardness equilibrium towards

the carbonate and increases the pH to about 9. It is this high pH
which caused the high levels of BPA reported by Oeko-Test – and

since baby milk is made with tap water, the use of distilled water
did not adequately simulate reality.

The graph shows the release of BPA into tap water during
microwaving in a baby bottle. Using fresh water, the pH gradu-
ally increases and in the first 5 min, only 1.5 µg/l BPA was re-
leased, whereas 23 µg/l was measured during the second 5 min.
Using water previously boiled in a pan, with a pH of 9.5, BPA
was released at far higher rate: after 5 min (recommended for
sterilization), the BPA concentration was 36 µg/l and it reached
137 µg/l after 10 min.

Conclusions
• Microwave heating does not increase the PBA release per se,

but since it is the only practical way of boiling water in a baby
bottle, it is indirectly responsible for the highest concentra-
tions.

• Simulation designed for migration testing is not adequate for
predicting release by chemical attack. With tap water, the re-
lease can be at least 100 times higher than with distilled water.

• Under reasonable worst case conditions, BPA release from
baby bottles still did not exceed the 50 µg/l, but this value was
approached.

• If tap water of no more than 60 °C is filled into baby bottles,
BPA concentrations remain below 1 µg/l, which is lower than
that in human milk.
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Bottles waiting for hungry babies.
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Type A trichothecenes (primarily T-2 and HT-2) are naturally
occurring food contaminants originating from fungal infection of
crop plants or mould infestation after harvest. These Fusarium
mycotoxins display potent cytotoxic as well as immunosuppres-
sive effects and are considered potential warfare agents. Based
on animal studies, a temporary tolerable daily intake (t-TDI) of
0.06 µg/kg body weight/day for the sum of T-2 and HT-2 has been
issued in the European Union. However, exposure assessments
suggest that the combined intake of these mycotoxins exceeds in
many countries the adopted t-TDI threshold. Therefore, to guar-
antee consumer protection, sensitive methods are necessary to
detect T-2 and HT-2 toxins at parts per billion levels.

Towards that goal, we have recently established a new screen-
ing assay where cultured human cells are used as ‘cytosensors’of
hazardous contaminants in food. This assay is based on the ob-
servation that even traces of T-2 or HT-2 are able to induce mas-
sive and fast changes of gene expression in breast cancer cells.
Two different platforms have been used to monitor these ge-
nomic effects at the transcriptional level: i) quantitative real time
polymerase chain reaction (qPCR) with the fluorescent TaqMan®

technology, and ii) miniaturised DNA microarrays (microchips)
with colorimetric detection of biotin-labelled targets. In brief, the
assay is carried out by exposing cultured human cells for 8–24 h
to food extracts processed through MycoSep® clean-up columns.
Next, selected RNA transcripts are converted to complementary

DNA by reverse transcription and quantified either by qPCR or
hybridisation on microchips. After normalization of expression
changes against endogenous housekeeping controls, the resulting
data are finally translated to T-2 toxin equivalents.

This novel bioassay strategy offers many important ben-
efits for risk assessment and risk management, including its
high sensitivity and its ability to detect multiple endpoints in
a toxicologically relevant target system. In the future, this tran-
scriptomic strategy will be extended to other food contaminants
and it will also be used for mechanistic studies to analyse additive
or antagonistic interactions between the individual components
of complex contaminant mixtures.
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In order to place recent climate change in a longer term con-
text and to answer the important question whether the magnitude
and rate of the 20th century climate change exceed the natural
variability, highly resolved, millennial scale temperature recon-
structions are required. Whereas there is already a high data
coverage for certain areas in the world (as e.g. Europe), only
very few long-term temperature reconstructions are available for
West-Siberia. The Altai region is of particular interest, since it is
within a highly continental area, revealing a stronger warming
than other regions in the world during the last 50 years.

In 2001, a 139 m long ice core was drilled at the Belukha
glacier, near the highest mountain of the Altai. The ice core was

cut into 3600 samples at –20 °C in the cold room. The deepest
sample was dated to the year 1250. Thus, the ice core contains
climate information covering the past 750 years.

Temperatures in the Altai were reconstructed using the ice
core oxygen isotope (δ18O) record, measured with an isotope
mass spectrometer. It was demonstrated that the δ18O record fol-
lowed closely the atmospheric temperatures at a nearby weather
station over the past 130 years and can therefore be used as a
temperature proxy. The established temperature record was com-
pared with proxy records of solar activity (solar modulation de-
rived from 10Be measurements in polar ice cores and 14C records
from tree rings). TheAltai temperature record is significantly cor-
related with the solar activity proxies in the period 1250–1850,
suggesting that the sun was one of the main driving forces for
the temperature variation during the pre-industrial period. The
temperatures followed the solar forcing with a time lag of 20
years, underlining the importance of indirect sun-climate mecha-
nisms involving ocean-induced changes in atmospheric circula-
tion. During the past 150 years, however, the temperatures in the
Altai have shown a much higher rate of increase than that of solar
activity. The strong increase in the industrial period correlates
with the increase in the concentration of the greenhouse gas CO

2
over this time.

Our results clearly demonstrate that at this continental
site in the Altai region the 20th century temperatures are
beyond the natural range of variability of the preceding 700
years.
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Location of the drilling site (triangle) and the Altai temperature
reconstruction (red) compared with solar activity inferred from 10Be (blue)
and 14C (green) and CO2 concentration (black). The solar modulation
curves were shifted by 20 years (average value of the lag between solar
forcing and temperature response). The vertical line divides the pre-
industrial era (1250–1850) from the last 150 years.

Belukha massif in the Siberian Altai and the Ak-kem lake (photo: Patrick
Ginot). The 139 m long ice core was drilled in 2001 in the saddle between
west and east summit (49°48’N, 86°34’E, 4062 m asl).
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In autumn 2004, the current Ukrainian president, Victor Yush-
chenko, suffered a severe dioxin poisoning. First blood serum 
levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), measured 
in December 2004, were 110’000 pg/g lipid weight. These blood 
serum levels were more than 50’000 times higher than those in 
the general population and represent the second highest ever 
measured concentrations of TCDD in a human. We monitored 
the levels of TCDD and its metabolites for more than three years 
in various samples of blood serum, adipose tissue, skin, urine, 
faeces, and sweat of Victor Yushchenko. The work was only pos-
sible thanks to the cooperation and expressed consent of Victor 
Yushchenko.

For the first time in a human, two polar metabolites of TCDD, 
2,3,7-trichloro-8-hydroxydibenzo-p-dioxin and 1,3,7,8-tetra-
chloro-2-hydroxy-dibenzo-p-dioxin were identified in serum, 
faeces, and urine using gas chromatography–high resolution 
mass spectrometry. Highest amounts of these metabolites were 
detected in faeces whereas serum and urine contained only traces. 
The relative amount of TCDD metabolites excreted via faeces ac-
counts to approximately 40% of the totally eliminated TCDD via 
this route. As only small amounts of TCDD metabolites were de-
tected in urine, renal excretion of these transformation products 
can be considered as a minor elimination pathway. In serum, the 
relative amount of metabolites was 50 times lower than in faeces, 
probably due to the rapid elimination of the metabolites after 
formation in the liver by phase I and II enzymes and transferred 
via the bile to the intestine. In our analyses, 98% of the total 
loss of the toxin and its metabolites could be recovered by the 
above-mentioned different elimination routes. The elimination 
half-life of TCDD determined in Victor Yushchenko was 15.4 
months, being much shorter than the half-life of 5–10 years 
reported for humans in the literature. Obviously, the strongly 
elevated TCDD blood serum levels caused the induction of 
detoxifying enzymes responsible for the transformation and 
elimination of the toxin.
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The term ‘bio’ has became very popular in the past years. It 
is often associated with ecological and environmental benefits. 
There is not only ‘bio’-food but also ‘bio’-fuel. A lot of car driv-
ers think they are doing something good for the environment by 
using ‘bio’-diesel fuel. Biodiesel in Europe is mostly prepared 
from rape, palm or soy oil. In the process of biodiesel produc-
tion, the glyceride bonds are broken and methyl esters of the 
long chain fatty acids are formed (known as FAME = fatty acid 
methyl ester). Of course, FAME can be used instead of conven-
tional diesel in diesel engines, but it has some different physi-
cal properties. The major differences are storage stability and 
cloudiness at lower temperatures. The latter phenomenon causes 
problems if jet fuel (Jet A-1) is contaminated by FAME. Even 
minor contamination at ppm levels could cause a jet turbine to 
fail. Therefore, the FAME content in jet fuel must not exceed 5 
ppm. Such contaminations can be caused e.g. by transportation.

A GC-MS test method was developed by the Institute of Pe-
troleum (IP PM-DY/09) to monitor methyl esters of the most 
representative fatty acids present in biodiesel derived from the 
above-mentioned oils (a summary is given in Table 1). To obtain 
a sensitive GC-MS method, the SIM-mode (selected ion monitor-
ing) was used (see ‘Significant SIM masses’ in the Table). The 
advantage of measurement in SIM mode is that the signals of 
any other non-relevant compounds in the chromatogram are sup-
pressed or even eliminated. The Figures show a chromatogram 
of a standard solution containing 2 ppm of each fatty acid as well 
as a chromatogram of a real jet fuel. This sample contains a total 
amount of 5 ppm FAME.

This quality control process of jet fuel is important for air 
traffic security.

Received: January 7, 2010

Standard solution containing 2 ppm of each fatty acid methyl ester (compare with the data
given in the Table). The signal at 29.39 minutes is the internal standard (d33 - methyl-
margarate)

Air plane taking off 
(Copyright Roland Graf, 
cloning.ch) 

Standard solution containing 2 ppm of each fatty acid methyl ester 
(compare with the data given in the Table). The signal at 29.39 minutes is 
the internal standard (d33 - methyl-margarate)

Table 1. Selected fatty acid methyl esters for the quantification in Jet A-1

Species to be 
detected

Significant SIM masses 
[Da]

Expected retention 
time [min]

Methyl-palmitate 
C16:0 227, 239, 270, 271 24.9–26.4

Methyl-margarate 
C17:0 241, 253, 284 30.1–31.4

Methyl-stearate 
C18:0 255, 267, 298 34.7–35.5 

Methyl-oleate 
C18:1 264, 265, 296 35.5–36.5

Methyl-linoleate 
C18:2 262, 263, 264, 294, 295 37.7–38.6

Methyl-linolenate 
C18:3 236, 263, 292, 293 40.3–41.1

Real Jet A-1 sample showing a total amount of 5 ppm FAME. The signal at 29.48 minutes is
the internal standard (d33 - methyl-margarate)

Real Jet A-1 sample showing a total amount of 5 ppm FAME. The signal 
at 29.48 minutes is the internal standard (d33 - methyl-margarate)
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Many studies have demonstrated the potential health implica-
tions of dark chocolate constituents, but rarely as a whole prod-
uct. For instance, cocoa is rich in flavonoids, mainly flavan-3-ols, 
which are associated with benefits for cardiovascular health by 
maintaining low blood pressure, improving endothelial function, 
and by reducing thrombotic, oxidative and inflammatory states. 
Other cocoa-containing bioactive molecules include theobromine 
and amines (phenylethylamine, N-oleoyl- and N-linoleoyl-etha-
nolamine), which are reported to reduce blood pressure and act on 
the central nervous system metabolism, respectively. There is thus 
growing evidence on the health benefits associated with chocolate.

We have sought to capture a global view of the metabolic 
changes associated with chocolate consumption in healthy men 
and women using metabonomics. Nutrimetabonomics provides a 
system approach to assess the systemic metabolic status of an in-
dividual, which encapsulates information on genetic and environ-

mental factors, gut microbiota activity, lifestyle and food habits. 
We have used proton nuclear magnetic resonance (1H NMR) spec-
troscopy and mass spectrometry (MS) as complementary analyti-
cal platforms to monitor metabolic changes associated with a daily 
intake of 40 g of dark chocolate over a period of two weeks in the 
urine and blood plasma of 30 individuals classified according to 
their self-reported anxiety trait.

Human subjects with higher anxiety trait showed a distinct 
metabolic profile indicative of a different energy homeostasis 
(lactate, citrate, succinate, trans-aconitate, urea, proline), hor-
monal metabolism (adrenaline, DOPA, 3-methoxy-tyrosine) and 
gut microbial activity (methylamines, p-cresol sulfate, hippurate). 
Dark chocolate reduced the urinary excretion of the stress hormone 
cortisol and catecholamines and partially normalized stress-related 
differences in energy metabolism (glycine, citrate, trans-aconitate, 
proline, b-alanine) and gut microbial activities (hippurate and p-
cresol sulfate). The study provides evidence that a daily con-
sumption of 40 g of dark chocolate over a period of two weeks is 
sufficient to modify the metabolism of healthy human subjects. 
Therefore, subtle changes in dietary habits are likely to modulate 
the metabolic status that might be associated with long-term health 
consequences, in particular via the activity of the symbiotic bacte-
rial partners.
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The world of 
chocolate.

Typical NMR- and MS-based metabonomic analytical platforms. NMR 
offers a holistic profile of hundreds of metabolites with no a priori 
selection, while MS methods are commonly employed for global and 
targeted profiling. Both techniques are jointly employed to provide a 
snapshot of the metabolism and for biomarker identification.
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Flowchart of nutritional metabonomics. Chemometric and bioinformatic 
analyses allow modelling of nutrition-induced metabolic changes and 
identification of biomarkers associated with food habits and health benefits.
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Plants respond to attacks by herbivorous insects by releas-
ing specific blends of volatile organic compounds (VOCs). 
These herbivore-induced VOCs are known to play a major role 
in the interaction between plants and insects and may directly 
protect the plant by being toxic or deterrent, but may also ben-
efit the plant indirectly by attracting natural enemies of the 
herbivores. 

The chemical composition of herbivore-induced VOC blends 
is known for many plant–herbivore systems. Some VOCs are 
taxon-specific, whereas other VOCs appear to be common to 
many different plant families. These common compounds mainly 
include ‘green leaf volatiles’ (C6 aldehydes, alcohols and deriva-
tives), cyclic and acyclic terpenes, phenolic compounds and ni-
trogenous compounds. 

Our model plant is maize, which shows a rapid reaction to 
an attack by caterpillars and root feeding beetle larvae. Below-

ground, maize roots respond within hours to feeding of larvae 
by releasing the sesquiterpene (E)-beta-caryophyllene. The 
emission of this compound results in increased recruitment of 
entomopathogenic nematodes (tiny worms that parasitize and 
kill insect larvae). Similarly, after being attacked by caterpillars 
aboveground, maize leaves emit a complex blend of volatiles that 
is attractive to parasitic wasps, which use the volatiles to find 
and kill the caterpillars. It remains largely unclear which VOCs 
within the blend are the key compounds mediating this parasitoid 
attraction. 

To study the importance of individual volatiles we combine 
different methods to generate and modify herbivore-induced 
VOC blends by manipulating the plant genotype, the plant phe-
notype and the headspace of volatiles produced by the plant. We 
focus on ‘subtractive’ approaches used to obtain blends differing 
in only few known VOCs and ‘additive’ approaches to generate 
blends of known composition. All blends are analyzed with gas 
chromatography/mass spectrometry and tested for attraction to 
the wasps in olfactometer studies. By combining the above ap-
proaches, we aim to provide new insights into the relevance of 
individual VOCs involved in indirect defenses, which might 
help to develop ecologically sound methods to control pest 
insects.
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The parasitic wasp Cotesia marginiventris hunting for Spodoptera 
littoralis caterpillars on a maize leaf. Molecular structures illustrate some 
important volatiles released by maize plants after herbivore attack such 
as indole, hexanal and caryophyllene (photo by M. Held)

Modifying maize odor blends by manipulating plant genetics, plant 
physiology and plant headspace to identify the importance of individual 
volatile compounds for parasitoid attraction
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When gold crystals are formed in the Earth’s crust, other ele-
ments, such as U and Th, are incorporated into the crystal lattice. 
Thus, gold from mines and found in river beds always contain 
traces of U and Th. The three long-lived isotopes 238U, 235U, and 
232Th decay to Pb by emitting a-particles. An a-particle is the 
nucleus of the 4He atom, so when two electrons combine with an 
a-particle, a 4He atom is formed. Because gold is highly retentive 
for this gas up to about 500 °C, the He atoms remain trapped. We 
have studied these characteristics, beginning in 1992, in numer-
ous natural gold samples from all over the world. In a publication 
on genuine and faked gold crystals of the Santa Elena gold mine in 
Venezuela, we mentioned that this method can also be applied to 
historical ancient gold objects.[1] The challenge to perform these 
analyses for such objects is big, because the He concentration in 
about 2000 year old gold is extremely low and because only very 
small samples are available from valuable antiquities. In 2005 we 
purchased a mass spectrometer specialized for low He concentra-
tion measurements from SPECTRON in St. Petersburg, Russia. 
Since then we determined the He, U, and Th concentrations in a 
large number of art objects. In the past five years we have inves-
tigated numerous gold objects in order to verify their antiquity.[2] 
Here we present two typical objects for which the authenticity 
was doubtful after art historical assessments.

A signet ring with the picture of a male bust in side-view 
and writing in reflected face ‘HILDEBERTISREGIS’. In a com-
prehensive study of this ring, Weber[3] concluded that it can be 
attributed to one of the two kings Childebert I or II of the sixth 
century Merowingian dynasty of Western Europe. The weight of 
this gold ring (40.56 g) corresponds almost exactly to the weight 
of nine Byzantine solidi (gold coins), indicating that coins of 
this type were used by the goldsmith to manufacture the royal 
ring. Our results for He, U, and Th yield a manufacturing time 
of 1460 ± 400 years, in good agreement with the time when the 
kings Childebert I and II lived. The second object is a gold torc, 
purported to originate in the Hallstatt/La Tène transition period, 
about 5th century BC. For this torc we obtained an age of 2200 ± 
1100 years confirming the authenticity of the torc.  

In many cases the antiquity of a gold object can be de-
termined using the U/Th-He dating method. Due to the ex-
tremely low He concentrations in the samples, the method 
is not applicable to objects younger than about 1000 years. 

In samples from young objects, such as a Napoléon gold 
coin or commercial gold wire, the observed He concentra-
tions were extremely low or below the detection limit of the 
mass spectrometer.

About one fifth of the objects purported to be genuine 
tested in the past years were modern forgeries.

For some gold objects we observed an excess of He result-
ing in an unreasonably high age. Thus, these objects were 
undatable. The reason for the He excess are He-rich crystal-
line inclusions that were included in the gold when the objects 
were manufactured.

Received: March 30, 2010
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Signet ring attributed to King Childebert I or II of the sixth century 
Merowingian dynasty of Western Europe.

Gold torc purported to originate in the Hallstatt/La Tène transition period 
(5th century BC). Diameter 16.5 cm.
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Stroke is the third leading cause of death and the primary 
cause of long term disability. Thus, there is need to develop a 
credible evidence base of prognostic information for outcomes 
that is meaningful to patients and clinicians, including the level 
of independency. 

Every bodily disruption – such as an ischemic stroke – evokes 
a stress response, which serves to restore homeostasis and to fa-
cilitate adaptation. Essential to the stress response are corticotro-
pin-releasing hormone (CRH) with its cosecretagogue arginin-
vasopressin (AVP) and other neuropeptides that drive the activity 
of the hypothalamic-pituitary-adrenal (HPA) axis. These stress 
hormones serve as a sort of on-site monitoring, and allow the 
endogenous information system of our body to be tapped into that 
accurately assesses the severity of damage and thus prognosis. 
An accurate prognostic assessment has the potential to guide in-
terventions and effectively plan and monitor rehabilitation, thus 
optimizing the management of patients.

Unfortunately, the measurement of circulating AVP levels 
and CRH is challenging. Until now these stress hormones could 

not be used as reliable prognostic markers in stroke. However, 
copeptin, a glycopeptide derived from the vasopressin precursor 
hormone together with neurophysin II, is released in an equimo-
lar ratio to AVP. It is more stable in the circulation and easy to 
determine due to a new sandwich immunoassay.

We therefore conducted a prospective cohort study at the 
University Hospital Basel, Switzerland, over one year. Patients 
presenting with an acute ischemic cerebrovascular event were 
included and 362 patients with an ischemic stroke were ana-
lysed.  In this study, we found copeptin to be a novel, strong, 
and independent prognostic marker for functional outcome and 
death in patients with ischemic stroke. The prognostic accuracy 
of copeptin in stroke patients was superior to that of other com-
monly measured laboratory parameters. The combination of the 
gold standard clinical score (the National Institute of Health 
Stroke score) with the biomarker revealed a significantly better 
prognosis.

Copeptin appears to have interesting potential as a new 
prognostic biomarker. This may allow improved risk-strat-
ification and allocation of targeted therapies for stroke pa-
tients in the future. A more tailored allocation of health care 
resources to patients at-risk is arguably the prerequisite for 
high quality health care in an era of limited health care re-
sources.

Received: May 20, 2010
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Diffusion-weighted image 
showing in white the 
ischemic area of a stroke.

Immunoassay for copeptin (figure is partially adapted from  
J. Struck, N. G. Morgenthaler, A. Bergmann, Peptides 2005, 26, 
2500).

Diffusion-weighted image showing in white the ischemic area of a stroke

Copeptin concentration in patient plasma and functional outcome after 90 days

Immunoassay for copeptin (figure is partially adapted from J. Struck et al., Peptides 2005, 26, 2500)

Copeptin

Copeptin concentration in patient plasma and 
functional outcome after 90 days.
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In the context of drug prevention projects, the mobile labora-
tory unit of the Cantonal Pharmacist Berne is analyzing so-called 
‘party drugs’ at techno events. This project started in 1998 and 
is collaborating with ‘Streetwork Zurich’ and the ‘Contact Net’ 
foundation in Bern. Since then, more than 1700 samples have 
been investigated at more than 100 events. 

The mobile laboratory – a proprietary development – is 
based on commercially available components. It consists of four 
custom-made, steel-framed racks on wheels: one is used for the 
balance and the documentation work, one is for sample prepara-
tion, and two are equipped with WLAN-controlled HPLC-DAD 
instruments. This laboratory is run on-site by two experienced 
technicians. Every sample is documented prior to analysis, then 
a simple extraction is done which yields the sample solution for 
qualitative and quantitative analysis. It is possible to handle about 
five to six samples per hour. Routinely, more than 50 compounds 
can be reliably characterized. In the case of unknown ingredients, 
dangerous mixtures or high dosages, warnings are spread dur-
ing the event, if necessary also for a broader public (see www.
saferparty.ch and www.raveitsafe.ch). The laboratory is the focal 
point of the advisory service and facilitates contact with the target 
group. During the laboratory analysis, a social worker conducts 
a conversation with a structured interview. An anonymous ques-
tionnaire is a mandatory part of the short consultation.

Besides the personal drug counseling, the twelve cam-
paigns per year allow the illegal market to be tracked. The 
emergence of new compounds or changing trends of consum-

ers’ behavior can be observed and possible health risks are 
identified. 

Some examples include:
– MDMA (Ecstasy) is still the preferred party drug. Since 

2005, the increased emergence of fake ecstasy pills with meta-
chlorophenylpiperazine as the active ingredient has unsettled 
consumers.

– Since 2003, a wave-like increase of cocaine samples can be 
observed. Today, cocaine is the third most frequently analyzed 
compound, after MDMA and amphetamine. In addition, a de-
crease of the cocaine content from more than 50% to less than 
30% mass fraction was detected over the years. A noticeable ob-
servation is the fact that pharmacologically active adulterants are 
now found more frequently, such as the illicit pain killer phenace-
tine or the anthelmintic levamisol which are dangerous to health. 

– New compounds, so-called ‘designer drugs’, are appear-
ing with increasing incidence at parties. This new trend emerged 
about two years ago. Examples are compounds such as mephe-
drone, methylone and butylone which could be identified recently. 
These drugs are derivatives of known psycho-active compounds 
but they are not (yet) listed as scheduled drugs with regard to 
controlled substances legislation.  

Received: July 22, 2010

The mobile HPLC laboratory departs for the dance floor
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Cyanide poisoning is well known from its murderous role in de-
tective stories as well as from the warning labels shown on ciga-
rette packets since October 2003.

However, it is generally unknown that cyanide in common 
foodstuff exhibits a daily life problem for hundreds of million 
of people in developing countries and continues to cause severe 
acute and chronic health problems. Cyanide is stored in the form 
of cyanogenic glycosides in more than 2000 plants such as flax 
seeds, bamboo or cassava and is enzymatically released after 
cell disruption. Cassava (Manihot esculenta Crantz) is one of the 
most popular staple foods in Africa. 

For instance, in Mozambique, which is one of the poorest 
African countries, cassava roots are mainly produced for rural 
householders’ consumption and sold at local markets (680 g per 
day and capita). Notably, the bitter cassava varieties with cyanide 
concentrations of up to 2.4 g/kg are widely used due to their 
natural defense mechanism against animal predation. Certain 
regions still suffer from cyanide poisoning as a consequence of 
non-adequately processed cassava roots. 

It is astonishing that a cheap, easy-to-understand, fast and 
reliable test that is available to anyone is still lacking. Optical 
sensors that do not need expensive instrumentation are very at-
tractive for these purposes. The research in our group focuses 
on the development of optical chemosensors for cyanide on the 
basis of vitamin B12 derivatives consisting of a corrin macro-
cycle with a central cobalt ion for cyanide binding. In the pres-
ence of cyanide, the cobalt-coordinated water is replaced by a 

cyanide anion inducing a color change from orange to violet. 
With this methodology in hand, the selective detection of cyanide 
below the guideline value of the U.S. Environmental Protection 
Agency of 0.2 mg/l was rendered possible by ‘naked-eye’ detec-
tion. Recently we demonstrated for the first time the detection of 
endogenous cyanide directly in biological matrices; we were able 
to follow the enzymatic release of cyanide in real-time directly 
on a biological surface using diffuse reflectance spectroscopy 
(DRUV-vis). We envisage that this methodology will find fur-
ther applications and will help to improve food safety control 
of cassava products in developing countries.
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The orange corrin-based chemosensor (A) turns violet in the presence 

of cyanide, as in an aqueous solution of crude cassava (B), a freshly 

sliced cassava surface (C) or a ground cassava extract (D). No cyanide 

is detected after thorough washing of the ground cassava extract (E).

N

N N

N

COR1

R1OC

R1OC

COR1

COR1

COR1

Co

OH2

H

COR2

CN

R1=R2= -O-: II

R1=R2= -OCH3: III

R1= -NH2, R2= -NHCH2CH(CH3)OH: I

CN

Co

CN

+ CN- \ - H2O

Structural formula of the corrin-based chemosensors I-III and a 

schematic representation of cyanide detection (right). 



 

Columns� CHIMIA 2010, 64, No. 11  825

Highlights of Analytical Chemistry in Switzerland
 
Division of Analytical Chemistry
A Division of the Swiss Chemical Society

Can you show us your analytical highlight? 
Please contact: Dr. Veronika R. Meyer, EMPA St.Gallen, Lerchenfeldstrasse 5, 9014 St.Gallen �
Phone: 071 274 77 87, Fax: 071 274 77 88, Mail to: veronika.meyer@empa.ch

doi:10.2533/chimia.2010.825 

Enhancing the Quality and Efficiency of Analytical 
Method Development as Part of the Quality by Design 
Framework

Christoph Meyer*, Tomislav Soldo, and Undine Kettenring

*Correspondence: Dr. C. Meyer, Novartis Pharma AG, PHAD Oral Dosage Forms 2, 
Forum 1, Novartis Campus, CH-4056 Basel 
Tel.: +41 61 696 31 43, Fax: +41 61 696 31 23, E-mail: christoph.meyer@novartis.
com

Keywords: Analytical method development & validation ∙ 
Design of Experiments (DoE) ∙ Drug substance (DS) and drug 
product (DP) ∙ Failure Mode Effects Analysis (FMEA) ∙ Fishbone ∙ 
HPLC ∙ International Committee on Harmonization (ICH) guide-
lines ∙ Quality by Design (QbD)

Analytical methods employed in the Pharmaceutical Industry 
must meet the most stringent demands in order to ensure product 
quality and patient safety for medicinal products that are released 
for clinical trials or market. Demands according ICH guide-
lines on analytical methods remain unchanged also with novel 
approaches such as QbD for method development and method 
validation. Contrary to traditional approaches towards method 
development and validation, employing QbD methodologies will 
allow for an earlier understanding and identification of poten-
tial variables affecting the method performance. QbD tools such 
as FMEA based upon fishbone evaluation followed by DoE ap-
proaches for robustness studies will enable enhanced quality to 
be integrated into the analytical method upfront.

Variables affecting the method performance are included in 
a fishbone outline and are prioritized according to occurrence, 
detection, and impact leading to risk prioritization assessments. 
Critical method variables are employed for DoE and finally for 
the definition of the design space of the analytical method. Meth-
od performance is dependent on the critical method variables. 
Method performance per se is given by system suitability test 

requirements, for example limit of detection, repeatability, and 
resolution, for HPLC. These requirements define the analytical 
method target profile. On the other side, the aimed for quality tar-
get profile (technical perspective) of the DS or DP dictates what 
your analytical method performance must be capable of, thus 
the quality target profile of the DS or DP defines the analytical 
method target profile. This also includes the possible detection 
of unexpected impurities, for example new degradation products 
possibly arising from storage or any unforeseen impurity, for ex-
ample arising from scale-up effects of the synthesis due to unpre-
dicted hot-spot effects in your reaction vessel.

Applying QbD for analytics enables the reduction of vari-
ability of end-product and final release method to achieve 
the delivery of pre-defined, well-understood and constantly 
complying quality. 
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In addition to the classical ICH guidelines 1–7, the ICH guidelines 8 
(Pharmaceutical Development), 9 (Quality Risk Management), and 
10 (Pharmaceutical Quality System) have recently been defined to 
holistically integrate a pharmaceutical quality system throughout the 
different stages of the lifetime of a product.
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Blood doping is defined by the World Anti-Doping Agency 
(WADA) as the use of products and methods that enhance the up-
take, transport, or delivery of oxygen to the blood. One approach 
uses artificial oxygen carriers, known as hemoglobin-based oxy-
gen carriers (HBOC). These products are made of bovine or hu-
man hemoglobin (Hb) and were developed to treat some types of 
severe anaemia. They are claimed to provide a threefold more ef-
ficient oxygen transport and consequently to potentially improve 
sports performance, particularly in endurance disciplines such as 
long-distance running, cycling or swimming. 

Capillary electrophoresis (CE) appears to be a promising 
technique for HBOC analysis in the context of doping control, 
since different CE protocols have already been developed for 

the analysis of Hb variants. In addition, the online combination 
of CE with mass spectrometry (MS) is an attractive option for 
intact protein analysis (i.e. no digestion, no derivatization step 
required). On the one hand, CE offers features such as high speed, 
great efficiency, and low solvent and sample consumptions. On 
the other hand, MS provides selectivity and specificity. 

In this context, a complete analytical strategy based on CE 
was developed to detect intact HBOC in plasma samples. This 
methodology includes four distinct steps:
i)  Plasma samples preparation based on immunodepletion to 

remove the most abundant proteins (e.g. albumin and immu-
noglobulin) that can interfere with CE separation and alter 
electrospray ionization.

ii)  CE separation to obtain sufficient electrophoretic resolution 
between HBOC and Hb that could be released from mechan-
ical hemolysis.

iii)  Online UV-visible detection at 415 nm to selectively detect 
hemoproteins such as HBOC and Hb.

iv)  TOF/MS detection to provide accurate mass on analytes and 
unambiguous determination of HBOC uptake.

The limits of detection were in agreement with doping con-
trol requirements. This methodology thus appears  suitable 
for implementation as a doping control screening method for 
HBOC analysis.
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Mass spectra and deconvoluted mass spectra of Hb and HBOC by CE-TOF/MS.
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Non-invasive Medical Diagnostic by Breath Analysis: 
Acetone Detection

Marco Righettoni, Antonio Tricoli, and Sotiris E. Pratsinis*

*Correspondence: Prof. Dr. S. E. Pratsinis, Department of Mechanical and Process 

Engineering, Particle Technology Laboratory, ETH Zürich, Sonneggstrasse 3, CH-

8092 Zürich, Tel.: +41 44 632 31 80, Fax: +41 44 632 12 76, E-mail: sotiris.pratsinis@

ptl.mavt.ethz.ch

Keywords: Acetone ∙ Breath analysis ∙ Diabetes ∙ Nanoparticle 
gas sensors ∙ Non-invasive medical diagnostic

The rising costs of medical care are pushing toward an opti-
mization of resources and rapid integration of novel approaches. 
Breath analysis is a non-invasive diagnostic method offering for 
some applications even better performance than labor-intensive 
approaches such as blood analysis while drastically decreasing 
personnel and material costs. Breath is a mixture of nitrogen, 
oxygen, carbon dioxide, water, and a small fraction of other 
gases. The latter consists of simple gases (NO

x
, NH

3
) and more 

than 1000 trace and volatile organic compounds (VOCs) that are 
either generated in the body (endogenous) or are absorbed as 
contaminants from the environment (exogenous). These endog-
enous compounds can be utilized as breath markers for specific 
diseases.

Acetone is related to type-1 diabetes and its concentration 
increases from 300–900 ppb for healthy humans to more than 
1800 ppb for diabetic patients. Methods for breath analysis have 
progressed considerably over recent years. However, to achieve 
their use in clinical practice, the test techniques and devices need 
to be highly sensitive, selective, and require a fast response to 
the analyte; low cross sensitivity to humidity; small size and low 
production and maintenance costs.

Recently, we have demonstrated that Si:WO
3
 nanoparticle 

films made by flame spray pyrolysis are able to rapidly detect 
down to 20 ppb of acetone in realistic breath conditions (e.g. 90% 
relative humidity). More specifically, the electrical resistance of 
such films drops remarkably (up to several orders of magnitude) 
by reaction with the analyte and thus allows a direct measurement 
of its concentration (chemo-resistive gas sensor). If a diabetic 
were to exhale on such a sensor, its resistance would suddenly 
drop much more (40%) than if a healthy person would do it. As a 
result, it would be possible to perform fast screening of potential 
diabetics during routine medical visits or even in pharmacies. 
Furthermore, this sensor prototype can be easily miniaturized 
to decrease power consumption and thus to improve its porta-
bility. This has potential for the monitoring of breath acetone 
concentration and in the future could facilitate the determination 
of blood glucose level. These results demonstrate that breath 
analysis by chemo-resistive nanoparticle gas sensors has high 
potential as a rapid, non-invasive medical diagnostic. Fur-
thermore, these portable devices can be produced at low cost 

while offering extremely high performance and thus could 
help reducing the cost of medical care while improving the 
quality of life of diabetic patients (no finger prick).

Received: December 10, 2010
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A prototype of the diabetes sensor. Thanks to its small size, it could be 
easily incorporated into an affordable, portable device for self-diagnosis.

WO3 sensor resistance at realistic conditions (90% relative humidity) 
upon exposure of different ultra-low acetone concentrations (20, 50 and 
80 ppb) at 400 °C. 
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Acesulfame: From Sugar Substitute to Wastewater 
Marker

Ignaz J. Buerge* and Thomas Poiger
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marker ∙ Domestic wastewater ∙ Groundwater 

Groundwater is an important drinking-water resource and 
deserves a high level of protection. Contamination may origi-
nate from various sources such as agriculture, households, in-
dustry, and traffic, and knowledge on the relative contribution of 
these sources is necessary to take efficient protection measures.

In search of a ‘perfect chemical marker’ of domestic waste-
water from households in groundwater, we examined artificial 
sweeteners as they are consumed in considerable quantities with 
food and beverages. Some sweeteners pass through the human 
metabolism largely unaffected and thus reach the environment 
associated with domestic wastewater. One of these sweeteners, 
the sulfoamide acesulfame, was found ubiquitously in wastewa-
ter, surface waters, and groundwater from Switzerland.

Concentrations of acesulfame in wastewater ranged from 12 
to 46 mg/L. The compound was not eliminated in wastewater 
treatment plants. Consequently, acesulfame was also detected 
in most surface waters, where concentrations correlated nicely 
with the actual wastewater burden. Furthermore, acesulfame 
was detected in 65% of the investigated groundwater samples. 
Thereby, the highest concentrations (up to 4.7 mg/L) were ob-
served in areas where significant infiltration of river water with 
a high wastewater burden occurs. At certain pumping stations, 
our data suggest that up to 20% of the water indirectly stems 
from domestic wastewater. For drinking water production, 
groundwater is often not further purified in Switzerland, and 
acesulfame was thus also found in several tap water samples (up 
to 2.6 mg/L). However, acesulfame is susceptible to ozonation 
(elimination, ≈ 85–95%).

The sweetener is analyzed using a C
18

 reversed phase column 
and a triple quadrupole mass spectrometer operated in multiple 
reaction monitoring mode. As no off-line preconcentration step 
is necessary, results are obtained within 1 h or less.

Acesulfame thus meets all criteria for a ‘perfect’ marker 
of domestic wastewater in groundwater. It is source-specific, 
reflects contamination in a quantitative sense, and is ame-
nable to rapid and sensitive analysis by liquid chromatog-
raphy–tandem mass spectrometry. Given the currently 
achieved detection limit of ≈0.01 mg/L, it is possible to trace 
the presence of ≥0.05% wastewater in natural waters. Fi-
nally, acesulfame is sufficiently persistent and hydrophilic 
to reach groundwater.

Received: January 14, 2011
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Highlight of Analytical Chemistry
Buerge & Poiger

for CHIMIA 3 / 2011

Chemical structure of the artificial sweetener acesulfame. The compound is negatively charged at
environmental pH values and thus very mobile

Chemical structure of the 
artificial sweetener acesulfame. 
The compound is negatively 
charged at environmental pH 
values and thus very mobile.

The fate of acesulfame from its consumption as sugar substitute in light-beverages to renal excretion, passage through wastewater treatment plants, 
discharge to surface waters, infiltration into groundwater, and detection in tap water. Second photo from the left: 1art1 GmbH 
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A Tough Nut to Crack: Quantitative Analysis of Heavy 
Metals in Automotive Brake Linings

Renato Figi*a, Oliver Nagela, Martin Tuchschmida, Peter 
Lienemannab, Urs Gfellera, and Nicolas Bukowieckiac
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cPaul Scherrer Institut, Laboratory of Atmospheric Chemistry, CH-5232 Villigen PSI
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metals ∙ Legal standards ∙ Quantitative extraction

Brake linings used in automotive traffic are designed to opti-
mally dissipate the frictional energy during the braking process 
with minimal loss of lining material. This is achieved by the man-
ufacturers by using proprietary mixtures of highly temperature-
resistant binder materials and metals. 

The list of currently used metals also includes toxic heavy 
metals like chromium, antimony or lead. The abraded material 
ends up in the environment, where it considerably impairs the 
quality of roadside soils, drainage water from the roads, and the 
ambient air. Quantitative knowledge on the composition of brake 
linings is therefore important for regulating agencies to have a 
reliable handle on the existing legal limits for the use of heavy 
metals in the manufacturing process. Cracking the complex ma-
trix of brake pads is, however, an analytical challenge; reliable 
analytical methods are still rather scarce.

In a recent study we presented a novel extraction method for 
brake pads, deploying a high-pressure asher and microwave-

assisted extraction. This allowed for the quantitative analysis 
of the extracted elements by inductively coupled plasma optical 
emission spectrometry (ICP-OES) in a number of brake pad test 
samples from used passenger cars. 

Despite the high accuracy of this method, it is not suitable for 
screening a large number of samples, as preferentially desired by 
regulating agencies. Therefore we also used our method as refer-
ence to assess the use of handheld X-ray spectrometers (ED-XRF) 
for in situ brake lining analysis, which have emerged as efficient 
screening tools in the last years. The comparison indicated that the 
applied brake pad screening procedure using the handheld ED-
XRF-spectrometer provided a reliable determination of many (al-
though not all) of the considered metals (Mo, Pb, Sb, Mn and Sn). 
In future work this screening procedure will be refined by the 
design and validation of brake pad standard samples intended 
for use with handheld ED-XRF measurements.

Acknowledgement
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Environment (FOEN/BAFU).
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Brake pads with their temperature-resistant, hard linings composed from 
binder materials and heavy metals, some of them toxic.
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asher (HPA). It is obvious that Cr with the microwave method is 6 
times lower then with the HPA method. The cause is the formation of 
chromiumcarbide (CrC) with the microwave method.
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Lighting-up Cancerous Cells and Tissues with 
Lanthanide Luminescence

Jean-Claude G. Bünzli*a, Caroline D.B. Vandevyvera, Anne-
Sophie Chauvina, Martin Gijsb, and Hans-Anton Lehrc 
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Time-resolved luminescence immunoassays as well as cell 
and tissue imaging are showcase applications of lanthanides. 
Novel assays are inspired by the unique emissive properties of 
trivalent lanthanide ions (LnIII): easy-to-recognize narrow emis-
sion bands, large Stokes’ shifts making facile wavelength dis-
crimination, long excited state lifetimes allowing time-resolved 
detection, henceforth resulting in highly sensitive analyses, and 
little or no photobleaching.

New and targeted therapies for cancer treatment need rapid, 
specific and reliable tools to identify treatment targets on cancer 
cells and tissues as well as other relevant biomarkers. Lanthanide 
luminescent bioprobes are ideal for this type of analyses. Dur-
ing the past five years, we have teamed up with pathology at the 
University Hospital to develop practical microfluidic devices for 
the detection of cancerous cells via the biomarkers expressed by 

them. The lanthanide luminescent probes used are binuclear he-
licates, self-assembled in water under physiological conditions. 
The designed ligand framework yields thermodynamically stable 
and kinetically inert molecular entities with adequate photophys-
ical properties and low cytotoxicity. They can be conveniently 
bioconjugated to avidin or monoclonal antibodies. The microflu-
idic device is 2.5 cm long and has a meandering 100-mm micro-
channel. Reactant flows are controlled by precision micropumps.

Cells such as MCF-7 breast cancer cell line can be grown 
in the microchannels and, after fixation, specifically be detected 
via the 5D10 antibody – which recognizes a mucin-like antigen 
on the cell membrane – using time-resolved luminescence mi-
croscopy. It yields bright, background-free signals, allowing high 
performance screening on breast cancer cells and tissues.

Two receptors expressed by these cells are relevant for treat-
ment decisions: human epidermal growth factor receptor (Her2/
neu) expressed on the cell membrane and estrogen receptors 
(ER) expressed in the nucleus. We have placed 4-mm sections of 
well-characterized, formalin-fixed breast carcinomas in the mi-
crochannel and visualized the two markers by dual indirect im-
munohistochemical luminescent assays under time-resolved con-
ditions. Our first device allowed this test to be completed within 
20 minutes versus more than 2 hours in a hospital laboratory and 
using 1/5 of the expensive reagents. We are currently validating 
this protocol for routine diagnostic application. Test times are 
now down to only five minutes.
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Principle of detection of MCF-7 breast cancer cells combining 
biochemical recognition of the 5D10 antigen they express with time-
resolved luminescence microscopy of a Eu-labelled avidin and a 
biotinylated 5D10 antibody, taking advantage of the strong avidin-biotin 
interaction.

Microfluidic device 
and its potential 
for dual assays: ER 
(red) and Her2/neu 
(green) receptors 
evidenced by time-
resolved luminescence 
microscopy. Her2/neu 
receptors: polyclonal 
rabbit anti-human 
c-erbB-2 oncoprotein 
antibody / Tb-labelled 
goat anti-rabbit 
IgG antibody. ER 
receptors: anti-human 
ER mouse mAb / 
Eu-labelled goat anti-
mouse IgG Ab.
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Continuum Between Ritual and Medicinal Use 
of Plants: Smoke Analysis of Ritual Plants from 
Southwest China

Caroline S. Weckerle*, Peter O. Staub, and  
Florian P. Schiestl
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Plant-derived smoke is used in diverse cultures and regions of 
the world for various purposes, e.g. as medicine, incense, for food 
conservation or as insect repellent. Around 1500 plant species 
are known to be used to produce smoke for various uses. Beside 
frankincense and myrrh, only little research has been conducted 
on plants burnt for their fragrant fumes. It remains largely un-
known which compounds of the different smokes are responsible 
for the various impacts smoke may have.

In Southwest China, especially in the Tibetan cultural area, 
the use of ritual and incense plants is very common. Incense 
plants are burned freshly or dried and are used to communi-
cate with deities and spirits of the surroundings but also for the 
treatment of diseases such as respiratory ailments. Our research 
focuses on a comparative analysis of ritual plants used among 
different ethnic groups in this area. Since we are especially in-
terested in the continuum between ritual and medicinal use of 
incense plants and aim to understand the rationale for their use 
as medicine, we look at the cultural context of plant use, but also 
analyze the volatile organic compounds (VOCs) of the smoke. So 
far we documented some 40 ritual plants. Foremost among the 
incense plants are Juniperus, Cupressus, and Rhododendron spe-
cies. Important characteristics of incense plants are the density, 

color, and smell of their smoke as well as their habitat. The higher 
up in the mountains and hence the closer to the mountain gods the 
plant grows, the more effective it is thought to be. 

To collect VOCs of incense smoke we have used the dynamic 
headspace sorption method. This technique is simple to use, and 
smoke samples can either be collected directly in the field or 
from burnt dry plant material in the lab. In this method, VOCs 
are trapped onto an organic polymer (e.g. Porapak Q), eluted with 
solvent after collection, and subsequently analyzed using cou-
pled gas chromatography-mass spectrometry (GC-MS). Smoke 
samples collected and analyzed in this way contained many typi-
cal plant secondary metabolites, such as mono- and sesquiterpe-
noids, benzenoids, and methoxylated phenolic compounds. 

Based on the analysis of volatile organic compounds of 
the smoke and the cultural meaning of ritual plants, hypoth-
eses for their successful use in health-related issues will be 
developed.

Received: April 13, 2011
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Weckerle, Highlight of Analytical Chemistry
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Tibetan man worshipping the mountain gods. He burns incense plants in a ritual burner on the flat roof
of the house.

Tibetan man worshipping the mountain gods. He burns incense plants in 
a ritual burner on the flat roof of the house.

We look at the cultural context of incense plant use 
in Southwest China and analyze the volatile organic 
compounds of the smoke, in order to investigate 
the continuum between ritual and medicinal use of 
incense plants. Gas chromatogram of the smoke 
of Cupressus funebris. The peaks marked with 
an asterisk are, with increasing retention time: 
b-phellandrene, limonene, cadinene, and totarol. 
Their chirality was not investigated.

We look at the cultural context of incense plant use in Southwest China and analyze the volatile
organic compounds of the smoke, in order to investigate the continuum between ritual and medicinal
use of incense plants. Gas chromatogram of the smoke of Cupressus funebris. The peaks marked
with an asterisk are, with increasing retention time: β-phellandrene, limonene, cadinene, and totarol.
Their chirality was not investigated.
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Role of Fluid Inclusion Analysis in Understanding 
Gigantic Selenite Crystal Growth in a Deep Karst 
Cave (Naica, Mexico)
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The largest crystals of the world were discovered within 
deep karst caves of the Ag, Pb and Zn mine of Naica (Chihua-
hua, Mexico). These selenite crystals (for ‘Cristales’ up to 11 
m in length, corrected U/Th age of 155±47 ka) are as white as 
the moon when illuminated from the back. Due to the under-
ground mining activities, the ground water is constantly being 
pumped away, which by chance led to the discovery of the cave 
crystals at a depth of –290 m (below entrance, b.e.). The caves 
are accessible for as long as the pumping is maintained for min-
ing, but exploration conditions inside them are lethal due to the 
high temperature (>50 °C) and close to 100% relative humidity. 
Thus, special gear has been developed to enter these caves, and 

these impressive natural objects have been sampled and studied 
in detail. 

To reconstruct the composition of the cave liquid at the time 
of crystal growth within the caves, we studied the tiny droplets 
of aqueous liquid entrapped (fluid inclusions, FI, tens of mm) in 
the crystals of three caves. These FIs were analyzed using Laser 
Ablation–Inductively Coupled Plasma–Mass Spectrometry and 
elements quantified via the total salt content of a FI which was 
obtained prior to ablation by microthermometry. Gypsum samples 
from the caves named ‘Las espadas’ (–130 m b.e.), ‘Cristales’ 
(–290 m b.e.) and ‘Ojo de la reina’ (–290 m b.e.) were collected 
and the bulk composition of the FIs determined. Only Na, Mg, K 
and Sr were determined, other elements were either not present or 
below the limits of detection. Results show that major and trace 
element compositions of deep and shallow cave fluid are different. 
However, the compositions of contiguous and co-genetic FIs within 
a crystal are similar.

Our results indicate that the most favorable geological 
process which controlled the formation of such large crystals 
was the mixing of two chemically different cave fluids (shal-
low and deep). Constant mixing of these two fluids created the 
long-lasting supersaturation conditions necessary to grow these 
phenomenal crystals. 

Received: May 26, 2011
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Trace element concentrations of the sample from ‘Las espadas’ are different 
from those in ‘Cristales’ (no photo) and ‘Ojo de la reina’ (microscope photos 
of a section), whereas for the latter the concentrations are similar for two 
different primary FI assemblages as well as to ‘Cristales’. Presence of a 
selection of other elements was not detected in the FIs. 

The Naica caves 
were explored and 
documented by the 
Italian non-profit 
associacion La Venta 
(photo of ‘Cristales’, 
courtesy of La Venta 
and Speleoresearch 
and Films), who 
developed the 
protective suit that 
allows safe working in 
the cave up to 1 hour, 
before escaping into 
the vented and cool 
mine galleries.
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A New Function of Hydrocarbons in Insect 
Communication: Maternal Care and Offspring 
Signalling in the European Earwig
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Hydrocarbons are a ubiquitous component of the insect exo-
skeleton (cuticle). Their primary function is to provide an effec-
tive hydrophobic barrier against water loss and desiccation. But 
cuticular hydrocarbons (CHCs) are also species-specific, vary with 
the biotic and abiotic environment, and they have been shown to 
often have evolved a secondary function as signals in insect com-
munication. For instance, a sex difference in CHCs is used as sex 
pheromone in the fruitfly, and ants use CHCs to recognize intrud-
ers in their colony. In the context of parental care, where young 
insects (nymphs or larvae) interact with their parents to receive 
protection and/or food, we explored whether CHCs of young could 
have evolved to influence parental behaviour, similar to the beg-
ging calls of nestling birds or the crying of human babies. 

European earwig (Forficula auricularia: Dermaptera) moth-
ers care for their nymphs by defending them against predators 
and providing food via individual mouth to mouth food regur-
gitation. Chemical extract from CHCs of nymphs reared under 
different nutritional conditions (high-food versus low-food) were 

obtained and tested on mothers. Mothers exposed to extract from 
high-food nymphs foraged significantly more food and provided 
food to more nymphs than mothers that were exposed to extract 
from low-food nymphs. The identification and quantification of 
nymph CHCs by GC-MS revealed that the profile of CHCs is 
composed of 20 compounds, that the total quantity of CHCs did 
not differ between high- and low-food nymphs, but that there was 
significant variation in the relative quantities of four compounds 
(three alkanes: n-C25, n-C27, n-C31 and one alkene: x-C29:1). 
These results demonstrate that CHCs contain information about 
the nutritional condition of offspring to which earwig mothers 
respond by adjusting care behaviour. The effect of condition-
dependent CHCs of nymphs on maternal behaviour supports 
a new secondary function of hydrocarbons in insect commu-
nication.

Received: July 14, 2011
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Box plots (medians and interquartile ranges) of relative quantities of the 20 hydrocarbons
found on the earwig nymph cuticle, and for nymphs reared under high-food (grey) and
low-food (white) conditions. IS is an internal standard. Red asterisks indicate statistically
significant differences between treatments.

Box plots (medians and interquartile ranges) 
of relative quantities of the 20 hydrocarbons 
found on the earwig nymph cuticle, and for 
nymphs reared under high-food (grey) and 
low-food (white) conditions. IS is an internal 
standard. Red asterisks indicate statistically 
significant differences between treatments.

An earwig mother tending her clutch of 1st instar nymphs.

An earwig mother 
tending her clutch of 
1st instar nymphs.
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J-based Configuration Analysis: An Enabling NMR-
Spectroscopic Tool in the Synthesis and Study of 
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To date, more than 4700 naturally occurring organohalogens 
are known. Chlorosulfolipids, which are produced by sea- 
and freshwater microalgae alike, constitute a particularly 
intriguing subclass of naturally occurring organohalogens. 
Many interdisciplinary questions, reaching from chemistry to 
biology, pharmacology and toxicology – not the least of which 
is their association with seafood poisoning – have rendered these 
molecules interesting objects for study. In this context, reliable 
tools to secure configurational assignment are critical. As part 
of our synthetic program directed toward the total synthesis and 
study of chlorosulfolipids, we investigated the applicability of an 
NMR-based approach, J-based configuration analysis (JBCA), to 
chlorinated systems. 

Unlike in cyclic entities, the analysis of vicinal (3J) coupling 
constants and NOE data alone is usually insufficient to elucidate 
the conformation and configuration of acyclic systems. Key to 

overcome these shortcomings is the extraction and analysis of a 
whole set of homo- (3J

H,H
) and heteronuclear (2J

C,H
, 3J

C,H
) coupling 

constants along two stereogenic centers bearing electronegative 
substituents, in addition to NOE and ROE data. For chlorinated 
entities, reference values for the relevant coupling constants were 
lacking. In order to fill the existing gap, we developed synthetic 
routes to a collection of trichlorinated hexane-1,3- and -1,2-diols, 
starting from commercially available ethyl sorbate, which served 
as model compounds for NMR-spectroscopic studies. All of these 
proved to be crystalline, which allowed us to directly correlate 
all NMR data with the configuration known from X-ray analysis. 
Extraction of the vicinal H,H-coupling constants (1H-NMR) as 
well as the C,H-coupling constants over two and three bonds 
(HSQC-HECADE, PS-HMBC) allowed us to define ranges for 
the coupling constants as a function of the configuration and 
conformation. The lessons learnt in these studies are invaluable 
for the configurational assignment and conformational analysis 
of polychlorinated natural products such as chlorosulfolipids and 
crucial for any research directed towards the elucidation of the 
biological role of these molecules in the producing organisms. In 
summary, we have validated JBCA for chlorinated systems 
by detailed NMR- and X-ray analysis of trichlorohexanediol 
model systems.
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Selected members of the chlorosulfolipid natural product family 
originating from microalga, such as the chrysophyte Poterioochromonas 
malhamensis (background taken from http://starcentral.mbl.edu/mv/
portal.php?pagetitle =assetfactsheet&imageid=22998).

The synthesis of trichlorinated hexanediol model systems (a) and 
subsequent X-ray-structural and NMR-spectroscopic analysis (b) 
allowed for the definition of ranges for homo- and heteronuclear 
coupling constants for chlorinated systems as a function of 
configuration and conformation (c).
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NIR Spectroscopy to Identify Counterfeit Drugs
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Spam mails advertising prescription drugs for a discount price 
are well known to all of us. They may be just a minor irritant, but 
behind these mails a billion dollar market is hiding.

Counterfeit drugs present a substantial health risk. WHO 
estimates that about 50% of drugs ordered at non-licensed online 
pharmacies are counterfeit. However, to date no counterfeit drugs 
have been observed in the legal supply chain in Switzerland. 

In 2010, Swissmedic (the Swiss Agency for Therapeutic 
Products) received more than 500 confiscated samples for further 
analysis from the Swiss Federal Customs. Due to the steadily 

increasing number of samples, new methods for rapid identification 
are needed. One promising approach is near infrared (NIR) 
spectroscopy. The high penetration depth (several millimetres) of 
the NIR-radiation into the surface allows for a non-destructive and 
extremely fast analysis. A full spectrum scan (800–2500 nm) can 
be acquired in less than 10 seconds. 

The broad and overlapping signals in NIR spectroscopy preclude 
a direct interpretation of the spectra. Therefore, a chemometric 
model (calibration) has to be established based on data of different 
genuine lots. Based on statistical models, the collected data is 
pretreated (e.g. derivatives or normalisation algorithms) to eliminate 
spectral effects. In a second step a principal component analysis 
(PCA) is performed in order to reduce the data quantity to the 
significant differences between the samples. After validation, the 
chemometric model can be used to distinguish between authentic 
and counterfeit medical products. 

The evaluation of these data showed that NIR spectroscopy 
is capable to rapidly and reliably distinguish between authentic 
and counterfeit drugs. 

Received: September 8, 2011
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Counterfeit (left) and authentic (right) drug.

Counterfeit (left) and authentic (right) drug.
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Top: Similar NIR spectra of genuine (blue) and counterfeit (green) drugs for erectile dysfunction (ED).
Bottom: Chemometric modelling (PCA) is used to distinguish the counterfeited drug. Cluster calibration of three
authentic medicines for ED treatment. The red square in the middle corresponds to the green spectrum in the top
figure.

Top: Similar NIR spectra of genuine (blue) and 
counterfeit (green) drugs for erectile dysfunction 
(ED). Bottom: Chemometric modelling (PCA) 
is used to distinguish the counterfeited drug. 
Cluster calibration of three authentic medicines 
for ED treatment. The red square in the middle 
corresponds to the green spectrum in the top 
figure.
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Microdroplets and Magnetic Beads: Fishing for 
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Microfluidic platforms (more general: lab-on-chip devices) 
are nowadays widely used for applications in analytical and 
bioanalytical chemistry due the appealing properties they provide, 
e.g. for handling of small sample volumes and the integration 
of sample (pre)treatment steps. In recent years, microdevices 
designed for droplet-based microfluidics have attracted increasing 
interest, particularly for screening applications. 

Microfluidic devices facilitate the continuous and robust 
generation of extraordinary monodisperse, aqueous droplets into 
a carrier stream (hydrophobic liquid or gas), having volumes as 
small as a few micro- to picoliters. These tiny droplets could 
serve as microreactors for synthesis and crystallization, or 
as microcarriers to provide a defined microenvironment for 
cells. Using chemical gradients during droplet formation, it 
becomes possible to screen for optimum reaction conditions, 
or to systematically investigate reaction kinetics or influences 
of chemical compounds (e.g. drugs) on cells. Despite their 
utilization in many scientific areas, it remains still challenging 
to integrate standard procedures such as washing and separation 
steps with continuous droplet microfluidics.

Recently, we could expand the applicability of droplet 
microfluidics by integrating a permanent magnet in the device 
and employing a magnetic bead-based assay. We used the 
method for characterization of drug-protein binding constants, 
here warfarin to human serum albumin (HSA). HSA is the most 
abundant protein in the human blood plasma and therefore, 
binding of drug molecules to HSA is an important parameter for 
drug characterization. Beads with surface-bound target molecules 
(HSA) are introduced the droplet generating microdevice together 
with target-binding molecules (warfarin). At the T-junction, 
droplets are split into two daughter droplets, one of which contain 
the beads and move towards the direction of the magnet, the other 
daughter droplets are free of beads and contain only residual 
unbound target molecules. Hence, the magnetic beads with 
bound molecules are efficiently separated from the bead-free 
solution. After analyzing the droplet content, we could derive the 
HSA-warfarin binding constant. The continuous method lays 
the basis for a microfluidic droplet-based screening device 
aimed at investigating the interactions of drugs with specific 
targets including enzymes and cells. Furthermore, it could be 
employed for various applications, in which rapid removal 
of a (reactive) component or catalyst (immobilized on the 
magnetic beads) is required. 

Received: September 27, 2011
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Scheme of the method for droplet generation and removal of molecules 
captured by magnetic beads. 

Photograph of a microdevice made of poly(dimethylsiloxane), channel 
inlets and outlets are connected to tubings.

Micrograph of the T-junction, 
where droplets are split into 
two daughter droplets (flow 
from left to right). The black 
magnetic beads are moving 
towards the outlet where the 
magnet is placed, while the 
bead-free droplets are flowing 
towards the other outlet.
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A Novel Tube-based Format for Dried Blood
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Michel Wagner, Emmanuel Varesio, and Gérard
Hopfgartner*

*Correspondence: Prof. Dr. G. Hopfgartner, Life Sciences Mass Spectrometry,
School of Pharmaceutical Sciences, University of Lausanne, University of Geneva,
20 Bd. d’Yvoy, CH-1211 Geneva 4, Tel.: +41 22 379 33 31, Fax: +41 22 379 68 08,
E-mail: gerard.hopfgartner@unige.ch

Keywords: Dried blood spot ∙ Liquid chromatography–mass
spectrometry ∙ Liquid–liquid extraction

Dried blood spots (DBS) are a convenient way to collect
and to store small-volume blood samples. Typically, after finger
pricking, a few droplets of blood are deposited onto dedicated
paper cards and allowed to dry. The benefits rely especially in
an easy and cheap sample storage (under ambient conditions)
and shipment (in a standard envelope) and in reduced biohazard
risks. DBS have been applied recently to the quantitation of
drugs and metabolites for therapeutic drug monitoring and drug
development.Whereasmodern bioanalytics relies on the handling
of liquid samples (e.g. in tubes) for liquid chromatography–mass
spectrometry (LC–MS) analysis, DBS cards represent a sample
format in the solid state, thus less compatible with the usual
bioanalytical workflow. The standard approach is to punch a
small DBS disk from the paper card into a tube, and analytes are
extracted with the addition of an appropriate solvent.

To retain all the inherent advantages of DBS and to better
match the sample collection format with the sample handling/
preparation format, an alternative tube-based format was
introduced, whose design consists in a tube with a paper disk
immobilized in the lid for sample collection. The extraction can

be then performed directly in the device by adding the extraction
solvent into the tube (solid–liquid extraction, SLE).

In addition, a new sample preparation strategy specific to this
format can be used, namely micro cellulose-supported liquid–
liquid extraction (μcsLLE). Its concept consists in the wetting of
the paper disk in the lid with an aqueous-based solvent (wetting
phase), while a non-miscible, organic extraction solvent is added
in the tube (extraction phase). After closing the tube, the sample
is extracted under sonication upside-down. Then the extraction
phase containing the analytes is easily separated from the paper
patch by simply opening the tube. The extracts have shown
to contain fewer endogenous blood interferences (especially
phospholipids) and to generate fewer matrix effects. Finally, this
integrated device has been demonstrated as a suitable format
for quantitative analysis in dried plasma and blood spots.

Received: December 16, 2011
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DBS tube-based format and micro cellulose-supported liquid-liquid
extraction (μcsLLE).

LC-MS analysis illustrating analyte extraction from DBS in the tube
format and concomitant sample clean-up (phospholipid removal).
Analytes consisted of 18 representative substances (amphetamines,
cocaine and metabolites, benzodiazepines, tricyclic antidepressants
and antiretroviral drugs).

DBS in the card format.
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Polonium-210 (210Po) belongs to the natural decay series of
uranium-238. It is produced at the end of the decay series as a
daughter nuclide of the β-emitter lead-210 (210Pb). 210Po decays
with a half-life of 140 days. Therefore chemical modifications
and transport processes are possible. The main source of 210Po is
the natural fallout of the decay of radon-222 in the atmosphere.
The ingestion of dust particles causes 8–10% of the natural in-
ternal radiation dose of man. 210Po can accumulate especially in
seafood.

Polonium is a very toxic metal. Irène Joliot-Curie died in
1957 of leukemia probably caused by the inhalation of polonium
dust from a broken vial in 1946. A well-known case is the death
of the ex-Soviet agentAlexander Litwinenko. He died in London
weeks after drinking poisoned tea.

210Po is a strong alpha emitter with an energy of 5’400 keV
and has only one weak gamma ray emission at 803 keV (0.005%
emission probability). Therefore the analytical method of choice
is alpha spectrometry. The first two steps in every alpha spec-
trometry are the destruction of the matrix and the selective en-
richment of the analyte. Above temperatures of 250 °C polonium
is lost by evaporation. Therefore the methods of choice are wet
ashing or microwave digestion. The final sample solution is set to
a reducing milieu by the addition of hydroxylamine hydrochlo-
ride. The polonium is deposited onto a silver disc, which is then
analyzed with alpha spectrometry.

Sediments containing the residues of diatoms are known as
siliceous earths, also called diatomaceous earths or mountain
flours. They find a wide spread use in industry, in cosmetics
and in supplementary diet (healing earths). Our investigations
of healing earths with gamma ray detection showed remarkable
amounts of nuclides of the radioactive series of 238U and 232Th.
In one sample we measured 400 Bq/kg of 210Pb, the precursor of
210Po. Our focus then switched to 210Po. Its activity was 42 Bq/
kg, so the two nuclides were not in equilibrium. Probably most
of the 210Po was lost during a heating step during the produc-
tion process. The yearly intake of two kg of this healing earth
would result in a dose of 500 µSv, half of the annual permitted
dose for non-professionals in Switzerland. 210Po activity only
causes 10 µSv.
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Commercially available healing earth.

Alpha spectrum of a healing earth extract. For quantification control
209Po was added (70 mBq). 209Po has an alpha energy of 4’800 keV. The
sample was counted for 24 h in an alpha vacuum chamber (silicon bar-
rier detector).

Diatoms (@ public domain).
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Carbon Isotopic Composition in the Water Column
of Lake Rotsee Reveals Importance of Methane
Oxidation in Aquatic Environments
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For estimates of global greenhouse gas emissions, the im-
portance of lakes in carbon cycling and the emission of CO

2
and

CH
4
has recently gained attention. Methane, an approximately

25 times stronger greenhouse gas than CO
2
, is produced under

anaerobic conditions in the sediments and oxidized in the water
column. This oxidation is carried out by micro-organisms, whose
enzymatic reactions strongly influence the carbon isotopic signal
of product (CO

2
) and substrate (CH

4
), preferentially using the

methane with the lighter isotope for gaining energy. The result-
ing isotopic fractionation can be traced by Isotope Ratio–Mass
Spectrometry (IR-MS), either by measuring the enrichment of
the heavy isotope in the remaining substrate or the light isotope in
the product. Methane concentrations in this open system oxida-
tion can vary from mmol/l in anoxic water layers and sediments
to nmol/l in oxic waters. If concentrations are low, a sufficient
amount of CH

4
for the IR-MS is achieved with a Trace Gas Pre-

Concentrator unit.
To investigate the importance of methane oxidation for the

carbon cycle of small, stratified lakes we studied the Rotsee, a
small wind-shielded lake close to Lucerne (famous for rowing).
In general, lakes are stratified in summerwithwarm surfacewater
and cold deep water. However, in winter when the surface water
cools down and becomes denser the lake turns over and the water
column mixes. We collected water samples from various depths
of the lake and measured methane concentrations, stable isoto-

pic composition of carbon (13C/12C), oxygen concentrations, and
several parameters to evaluate lake stratification (e.g. tempera-
ture, conductivity, pH). At the oxic/anoxic boundary we detected
strong methane oxidation together with strong fractionation of
the remaining methane, which became enriched in the heavy 13C
isotope.Whereas isotopically light methane in the deepwater and
isotopically heavymethane in the surface water is the normal pic-
ture during stratification, the profile changes shortly after mixing
when isotopically heavy methane (higher 13C content) is found
in the whole water column. During stratification there was little
evidence for oxidation in the oxic surface zone with only very
low oxidation rates, except for times of lake mixing, when high
nutrient, methane-rich and oxygenated water creates favourable
conditions for very strong methane oxidation.

Stable isotopes are a helpful tool to trace microbial pro-
cesses in natural waters and were successfully used to inves-
tigate methane oxidation in a small, stratified lake.

Received: March 22, 2012
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The Rotsee near Lucerne, prepared for a rowing
regatta. (Photo: Ewi Weber)

Methane concentration and isotopic composition profile of
Rotsee in summer during stratification (orange dots) and in
winter after the lake mixed (black dots).
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Detection and Significance of Cocaine Traces on
Swiss and Euro Banknotes
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In the fight against illicit drug trafficking, police investigations
cannot solely rely on the seizure of illicit drugs to determine the
involvement of people in such activities. More often than not,
investigators have to collate information from different sources
(testimonies, intelligence database, observations, etc.) in order
to gather intelligence that could serve to reveal the structure of

a network. Among other means, the detection of traces of illicit
drugs on banknotes was proposed in the middle of the 90s to be
used as an indicator of money related to trafficking. Banknotes
coming in contact or being close to illicit drugs may become
contaminated by such substances. Many studies showed that
cocaine may be commonly detected on banknotes, but there is a
lack of knowledge concerning the value of such a detection: does
it really reveal an involvement in illicit drug trafficking or is it
just background noise?

The study of significance of cocaine traces on banknotes
encompasses sampling issues, analytical developments, and
data treatments. Two distinct populations were considered:
one composed of banknotes in circulation (Swiss francs and
Euros), put at our disposal by financial institutions (n

CHF
= 900;

n
EUR

= 992), the other one by banknotes originating from police
seizures linked to illicit drug trafficking (n

CHF
= 640; n

EUR
=462).

New Swiss banknotes were also studied as control. Detection of
cocaine traceswas undertaken by IonMobility Spectrometry after

swabbing on the banknotes’ surfaces. For both Swiss and Euros
banknotes, the results indicate that the detection of cocaine traces
cannot be used to discriminate between the two populations as
more than 90% of all specimens are contaminated with cocaine.
However, significant differences are observed considering the
intensity of cocaine signals between banknotes in circulation and
banknotes seizedby the police.Distribution curves of the intensity
of cocaine signals in these populations were computed both for
Swiss francs and Euros. A
model was then constructed
taking into account the
measured distributions that
could be used to discriminate
between the two populations
(ROC – receiver operating
characteristic – curve area:
0.86). This model can serve
as a support for the decision
to assess the significance of
cocaine detection intensities
on a specific batch of
banknotes in comparison
to the two considered
populations.

The model raised from
these findings has a decisive
potential for the detection
of banknote batches related
to cocaine trafficking.

Received: March 14, 2012
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Cocaine seizures on Swiss banknotes.

Cocaine grain adhering to the paper fibres of a banknote
(viewed by scanning electron microscopy).

Distributions of cocaine signal in-
tensities for the two populations
(dotted line: banknotes in circula-
tion; plain line: banknotes seized in
cases of illicit drug trafficking).
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The flavour of a freshly prepared cup of coffee is the
final expression and perceptible result of a long chain of
transformations. Along this journey from the seed to the cup,
roasting is without doubt the most significant processing step.
First, from a quality perspective, it is the very step where the
coffee aroma is unlocked and formed from the precursors in the
green bean. Second, from an economic perspective, it defines
whether the potential in the green beans is expressed in the cup
and materializes also in economic terms – even the best crop can
be spoiled if not properly roasted.

Here we report on the development of a fast on-line process
control technology for a consistent roast, batch after batch. It
involves the on-line monitoring of the roaster off-gas using
Proton-Transfer-Reaction Time-of-Flight Mass-Spectrometry
(PTR-ToF-MS) and the analysis of the PTR-ToF-MS data via
principle component analysis (PCA) to predict the roast degree
in real time. The PCA was calibrated in advance with a large
number of roasting trials, to develop the predictive model.

During each roasting cycle, the roaster off-gas is analysed
on-line by PTR-ToF-MS, as a means to follow the evolution
of the roasting process. Furthermore, the roast degree, the
sensory profile (human panel) and the profile of volatile flavour
compounds (gas chromatography) are measured off-line. To
link the time-dependent PTR-ToF-MS mass profile with off-
line measured quality attributes of coffee, a large number of
‘calibration experiments’ were performed. This allowed in a
first study the development of a predictive model for the roast

degree based on on-line monitored PTR-ToF-MS profiles. More
specifically, the off-line determined roast degree was calibrated
against the PTR-ToF-MS data (intensity of a series of relevant ion
masses) at the end point of each roasting cycle, using multivariate
statistical analysis, and a predictive model was derived. These ion
masses were subsequently monitored on-line and the roast degree
predicted during a roasting cycle.

This research demonstrates that a time-resolved analysis
of the roaster off-gas by PTR-ToF-MS provides a detailed
picture of the evolution of the roasting process and allows
establishing a real-time process control tool to ensure highest
consistency of the roast degree.

Received: March 27, 2012
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POPs – A Haunting Legacy
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Industrial chemicals such as polychlorinated biphenyls (PCB)
and dichlorodiphenyltrichloroethane (DDT) have been produced
and used in large quantities more than 50 years ago. During the
phase of application they were released to the environment and
mainly distributed by atmospheric transport. Today, due to their
hazardous properties these chemicals are apostrophized as per-
sistent organic pollutants (POPs) and are banned worldwide by
the Stockholm Convention. However, they are still circulating
in the environment. Actual and historical atmospheric input of
chemicals can be calculated from investigations of dated lake
sediments. Trace analyses of POPs in sediments from Swiss pla-
teau lakes using gas chromatography-high resolution mass spec-
trometry show decreasing input in the last 40 years. In strong
contrast, we observed increasing input in proglacial lakes. This
surprising phenomenon led us to the ‘glacier hypothesis’ claim-
ing that POPs deposited in the past on glaciers are now released
from the melting ice. This hypothesis has been corroborated by
findings from sediment analyses of several mountain lakes. In
these investigations we observed that not only the long-term
behavior of glacier movement and ablation but also short-term
based growth and decline are reflected in the sediment input of
a proglacial lake.

Comparison of length variations of Stein glacier and annual
fluxes of DDT and PCB into the same-named lake show that
fluxes increased during the application phase of these POPs
(highlighted in green). Thus, input into the lake in the 1970s is
assigned mainly to direct atmospheric input, which decreased
rapidly due to phase-out of these chemicals later on. After 1990,
fluxes increased again due to release from the glacier by melt-
ing of ice in which the chemicals had been stored for more than
two decades. The renewed decrease observed in the last sediment
layer (ca. 2007, arrows) is attributed to an intermediate stagna-
tion of the accelerated decline of the glacier after 2005 (arrow).
The findings are a piece of jigsaw to the knowledge how POPs
are still circulating in the environment, even if phased out
decades ago. Thus, the haunting legacy of POPs calls for the
development of more sustainable chemical products and a
careful assessment of their properties prior to widespread
use.
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Stein glacier and Lake Stein in the Bernese Alps.
(Photo: Ruedi Keller 2009)
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Cell Growth Processes in Arabidopsis thaliana are
Modified by Flavonols
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The phenylpropanoid pathway (PPP) is a biosynthetic
process ubiquitously found in plants.A large array of compounds
is produced by the PPP including lignin for wood formation,
phytoalexins which serve as a line of defense against pathogens,
or anthocyanins (a group of flavonoids) which protect the plant
from UV-induced damage. Flavonols form a second subgroup
of flavonoids and are attracting increasing attention due to their
suggested health-beneficial effects.

Most of the flavonols accumulating in the model plant
Arabidopsis thaliana are glycosylated with either glucose or
rhamnose. The mutant plant rol1-2 is affected in the synthesis of
rhamnose, shows a modified flavonol glycoside accumulation,
and exhibits a distorted cell growth phenotype. UHPLC-HR-

MS/MS analysis was used to identify and quantify the exact
flavonol glycoside composition. The biological significance of
this change in the flavonol glycosylation profile was assessed
by genetic means. Blocking flavonol biosynthesis in the rol1-2
mutant, by introducing mutations in genes coding for enzymes
active in the PPP pathway, leads to suppression of the rol1-2 cell
growth phenotype. Hence, flavonols accumulating in the rol1-2
mutant interfere with proper cell development. One of several
potential modes of action of flavonols is to modify the transport
activity of auxin, a major plant hormone that affects numerous
plant developmental processes. Auxin is not produced by all but
only a restricted number of cells and must be transported to the
target tissues.While the rol1-2mutant shows altered transport and
accumulation of auxin in the plant shoot, this effect is reverted to
wild-type levels by blocking flavonol biosynthesis.

Hence, the rol1-2 mutant of Arabidopsis thaliana shows
an alteration in the flavonol glycoside accumulation profile
which was analyzed in detail by UHPLC-HR-MS/MS. The
observed changes have a direct effect on cell growth processes
in the rol1-2mutant, which thus can serve as a model system
to investigate in detail themode of action of flavonols on plant
development.
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UHPLC-HR-ESI-MS of A. thaliana shoot extract. (A) Base peak
chromatogram of the extract. (B) Selected high-resolution extracted
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m/z 447.05375; 477.06431) and flavonoids (blue, m/z 431.09837;
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Flavonol-induced cell growth phenotype. Wild-type cotyledons of A.
thaliana develop puzzle-shaped epidermal cells (A). In rol1-2 mutants,
they are brick-shaped (B), an effect that is suppressed in the rol1-2 tt4
double mutant (C) which lacks chalcone synthase, one of the enzymes
of the PPP essential for flavonoid biosynthesis. Flavonoids can be
visualized in planta by staining with diphenylboric acid 2-aminoethyl
ester in the root of the rol1-2 (D) but not in the flavonoid-less rol1-2 tt4
mutant (E).
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Crystallized in its Inward-Facing Conformation
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ATP-binding cassette transporters (ABC transporters) are
found in all living organisms and use the energy fromATP bind-
ing and hydrolysis to shuttle a wide variety of substrates across
cellular membranes. Many ABC transporters actively extrude
drugs and thereby contribute to the development of multidrug re-
sistance in cancers and pathogenic microorganisms which causes
severe problems in chemotherapy and in the treatment of bacterial
infections. In order to understand the molecular mechanism how
ABC transporters recognize and transport their substrates, three-
dimensional structures determined by X-ray crystallography are
of critical importance. Unfortunately, most ABC transporters are
reluctant to crystallize and currently only few structures are avail-
able for this clinically important class of membrane proteins.

The extrusion of drugs from the cell is accomplished based on
an alternating access mechanism. The transmembrane domains
ofABC transporters alternately form an inward- and an outward-
facing substrate binding cavity which allows drug binding at the
cytoplasmic side and its release to the external environment. This

requires large conformational changes that are coupled to ATP
binding and hydrolysis at highly conserved cytoplasmatic nucle-
otide binding domains. Until recently, structures of the inward-
facing state of ABC transporters have been determined only at
low resolution whereas the outward-facing state is well described
by X-ray structures.

We have succeeded in solving the X-ray structure of
TM287/288, a heterodimeric ABC transporter which originates
from the thermophilic bacterium Thermotogamaritima, at a reso-
lution of 2.9 Å. The structure of TM287/288 reveals a large hy-
drophobic cavity formed by twelve transmembrane helices that
is accessible for drugs from the inside of the cell and therefore
represents the inward-facing state. Recombinantly expressed
TM287/288 is capable of transporting the anticancer drug dau-
nomycin.

An important feature of TM287/288 is its heterodimeric as-
sembly. In the human body, more than 40 ABC transporters ful-
fill vital duties, and their malfunction due to inherited mutations
may lead to severe diseases. Interestingly, about half of the hu-
manABC transporters are heterodimers like TM287/288.Among
these are CFTR, whose failure leads to cystic fibrosis, and SUR1,
which is associated with neonatal diabetes. In summary, we
have solved the first X-ray structure of a heterodimeric ABC
transporter homologous to medically important transporters
connected to cystic fibrosis and multi-drug resistance.
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TM287/288 viewed along the membrane plane. The membrane
boundary is indicated by gray lines. The two different polypeptide
chains, which assemble to an asymmetric heterodimer, are colored
cyan and pink. TM287/288 confines an inward-facing cavity shown as
a blue mesh.

Alternating access mechanism of transport for heterodimeric ABC
transporters. The transport cycle starts (lower left) with TM287/288
in its inward-facing conformation with one ATP bound. Upon binding
of e.g. an antibiotic (yellow star) and a second molecule of ATP, the
transporter adopts the outward-facing conformation. The substrate
is released and ATP is hydrolyzed, which resets the transporter to its
inward-facing state and a new transport cycle can begin.
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With up to 1800 mg As kg–1, both depth intervals showed high
As concentrations but differed significantly in the contents of Fe
and sulfur (S). Speciation analyses ofAs revealed that close to the
peat surface As was mainly present as As sulfide, and As(iii)/(v)
sorbed to Fe(iii)-oxyhydroxides. In the deep peat layers, however,
As was almost entirely coordinated in its trivalent oxidation state
to 2–3 S atoms of NOM. The Fe speciation was dominated by
chlorite, Fe(iii)-oxyhydroxides, Fe(iii)-NOM complexes, and
Fe sulfides. Although the latter three phases were shown or
hypothesized to immobilize As(iii), nearly all As was associated
with NOM.

Our results thus imply that the binding ofAs to sulfhydryl
groups of NOM impairsAs sequestration pathways involving
reactive Fe species, and suggest that this mechanism is the
major mode of As-NOM interactions in moderately anoxic
and S-rich environments.
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Arsenic is recognized as a toxic contaminant and a threat to
some of the world’s water resources. Accumulating in organic-
rich soils and sediments, As is typically associated with Fe-
oxyhydroxide, silicate, and sulfide minerals. Natural organic
matter (NOM) has also been suggested as a potential sorbent
for As, but the binding mechanisms are still elusive. Since our
understanding of the biogeochemical As cycle is therefore
essentially incomplete, the major goal of this study was to (1)
identify the major mechanism of As binding to NOM and (2)
assess its quantitative importance relative to well-established As
sequestration pathways involving mineral phases. To this end, we
studied the solid-phase speciation ofAs and Fe in a groundwater-
fed peatland (Gola di Lago, canton Ticino, Switzerland)
containing high natural As concentrations. Anoxic peat samples
were analyzed by bulk As and Fe K-edge X-ray absorption near
edge structure (XANES) and extended X-ray absorption fine
structure (EXAFS) spectroscopy. We focused our speciation
analyses on shallow (<0.4 m) and deep (1.5–2.6 m) peat layers.

Fig. 1. The field site Gola di Lago (red square) is situated in canton
Ticino, Switzerland (a). In order to preserve the element speciation in
the samples, retrieved peat cores were rapidly cut into slices, shock-
frozen, and stored on dry ice for transportation to the laboratory (b–d).
After anoxic sample preparation, selected samples were measured at
beamline BM29 of the European Synchrotron Radiation Facility (ESRF,
Grenoble, France) (e).

Fig. 2. Arsenic K-edge XANES (a) and k2-weighted EXAFS spectra (b)
as well as Fourier-transform magnitudes (c) of two representative peat
samples and selected reference compounds. The displayed reference
spectra were used to model the EXAFS spectra of the peat samples.
Solid lines are experimental data and filled circles represent best
model fits. Results of the As speciation analysis are summarized in (d).
Tris(phenyl)thioarsine (As(iii)(SPhen)3) and a mixture of di- and tri(glut-
amylcysteinylglycinyl)-thioarsenite (As(iii)(GS)2.6(OH)0.6) were used as
references for organic S-coordinated As(iii).
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Due to the miniaturized format and the application of magnetic
beads as a support for the immunoassay the entire analysis can be
performed in less than 1hour andonly 1.5µl of sample is required.
As each GRAVITM-Chip possesses eight parallel microchannels
it is possible to perform calibration and sample analysis
simultaneously with good inter- and intra-chip reproducibility
(RSD <10%).

The presented technique for IgE analysis combines the
sensitivity and selectivity of immunoassay performed on
magnetic beads with advantages of microfluidics, of gravity
force-driven fluidics and of electrochemical detection,
offering an opportunity of process automation for cheap and
high throughput clinical analysis.
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Allergy is a widespread immunological disorder often related
withWestern lifestyles in which sterile environments deprive the
immune system of factors stimulating its proper development.
Allergic diseases, for example allergic rhinitis and asthma, are
mediated by histamine (and other substances) released from
mast cells due to their interaction with special type of antibody,
so-called IgE antibodies, in response to normally harmless
substances, allergens. IgE antibodies recognize allergens and
activate mast cells, thus a high level (>200 µg/L for adults) of
IgE in blood serum is an allergy indicator.

Measurement of total IgE concentration is one of the
methods of allergy diagnostics in clinics. Analytical techniques
employed for such routine analysis should therefore be fast and
cheap. Herein, a fast immunoassay of IgE antibodies in human
blood serum was developed using magnetic beads and the
commercial device GRAVITM-Cell from DiagnoSwiss (Monthey,
Switzerland).

A GRAVITM-Chip placed inside the device at an angle of 30°
allows introduced liquids to flow under gravity and capillary
forces only. It comprises of eight microchannels and each
microchannel possesses two reservoirs and a microelectrode
for electrochemical detection. IgE quantification is performed
as one-step sandwich ELISA (enzyme-linked immunosorbent
assay) with the immunocomplex formed on the surface of the
magnetic beads which are trapped inside the microchannels by
integrated permanent magnets.

The developed analysis shows good sensitivity (limit of
detection 17.5 µg/L) suitable for effective allergy diagnosis.
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Schematic representation of allergic reaction: IgE antibodies fixed on
the surface of mast cell recognize the allergen and provoke the release
of histamine and other mediators leading to the development of allergy
symptoms.

a) GRAVITM-Cell device with an 8-microchannel chip tilted at 30°. b)
Cross-section along the microchip showing magnetic beads trapping.
c) GRAVITM-Chip comprising 8 microchannels, inlet reservoirs at the top
and outlet ones at the bottom.

One-step sandwich ELISA: immunocomplex is formed by secondary
anti-human-IgE antibodies Ab(H) immobilized on magnetic beads
surface, IgE antibodies present in the sample, and by secondary anti-
human-IgE antibodies Ab(D) labeled with enzyme alkaline phosphatase
(ALP). The electrochemically active substrate of ALP is used for
detection.
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Structure Elucidation in Water Analysis – A Need?
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Wastewater treatment plants (WWTP) are important point
sources for environmental, organic micropollutants (OMPs)
such as pesticides, drugs, artificial sweeteners and personal care
products due to incomplete or nodegradation at all.Once released,
theycanbe found in riverwater, groundwater andeven in lowng/L
levels in drinking water samples. Among the myriad of OMPs,
transformation products (TPs) have attracted a broad scientific
interest as evidence is increasing that OMPs are only slightly
modified, frequently to more polar, hydrophilic compounds
which seem to be persistent in the aquatic environment. In recent
years, efforts have been made to establish the ecotoxicological
risks of such complex mixtures of compounds in water samples
taking into account also their environmental concentration. As it
is not possible to perform an analysis of all possible compounds
in a targeted approach by predefining each component and
analyzing them by traditional HPLC-tandem mass spectrometry
(MS/MS) using the multiple reaction monitoring technique,

complementary analytical tools are essential to track such new
substances.

Proton detected nuclear magnetic resonance (1H-NMR)
represents the most powerful spectroscopic technique for
structure elucidation and has been used in the past in a non-
targeted approach for the investigation of environmental water
samples. Its combination with HPLC is meanwhile well known
and applied in natural product and pharmaceutical analysis. Due
to technical improvements such as cryogenically cooled NMR
probe heads and post-column solid-phase extraction (SPE)
trapping, detection limits have dramatically improved to the mid-
to upper ng-range of analyte injected on the column.

HPLC-time slice-SPE-NMR/TOF-MS was applied to
2-weeks WWTP effluent composite samples by injecting 4
× 12.5 µL of a concentrated extract onto a 250 × 4 mm C18
column using a shallow gradient and performing 1-minute
post column SPE fractions. Many pesticides such as linuron,
metazachlor, ethofumesate, metamitron and propazine could be
confirmed by NMR. Among the non-targets, a TP of mefenamic
acid, a drug used to treat pain, namely 3-carboxymefenamic
acid, could unambiguously be identified using TOF-MS and
NMR. To summarize, the combined HPLC-SPE-NMR/
TOF-MS shows great potential for the structure elucidation
of unknowns, particularly of transformation products of
organic micropollutants.

Received: November 23, 2012
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Identification of 3-carboxymefenamic acid (2), a transformation product
of mefenamic acid (1); in the background WWTP Bern.

Basic steps of time-slice SPE-NMR (kindly provided by the Bruker
company).
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The Story of Pearls – An Elemental Perspective
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Pearls are one of the important sectors in the gem market.
They are originally a product in the shell of a mollusk. The cause
of natural pearl formation was long attributed to small grains
of sand or other dirt particles inside mollusks. Today a major
reason for their formation is seen as a measure of defense due to
enclosure of small intruding organisms. Before the 20th century,
the demand of pearls was mainly satisfied by river pearls in
Europe and the pearls of the Persian Gulf, also known as oriental
pearls. In the 1910s the first pearl farms evolved and cultured
pearls emerged on the gem market. The availability of cultured
pearls in combination with the Great Depression led to a sharp
drop in the prize of pearls.

Besides being less expensive, cultured pearls also have the
advantage of a more spherical shape and more desirable color
or luster, depending on the growing conditions. The color can be
altered in another step after the pearl is removed from the oyster.
As this influences the prize of a pearl, it would be most valuable
to have a method to distinguish between different origins and
treatments of pearls.

In our study, we analyzed 110 cultured pearls from various
origins by laser ablation inductively coupled plasma mass
spectrometry (LA-ICPMS) and determined the concentration
of 45 different elements. The concentrations were analyzed in
dependence on water condition of culturing (sea/freshwater) and
on the region of origin. For Ba, Mn, and P significant higher

concentrations were found in freshwater pearls, whereas Na, K,
Mg, B, S, and Sr concentrations are lower than in seawater pearls.
However, a significant tracing back of the origin was not possible
within this set of pearls.

Additionally, elemental mapping was performed on a pearl
cut in half, where growth rings could be seen.

LA-ICPMS has been shown to be a valid method for
the distinction of seawater from freshwater pearls and to
perform a mapping of concentration down to single rings
from different growth periods.

Received: December 18, 2012
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Box plots (showing medians and interquartile ranges) of the Mn
concentration categorized by region of origin and water condition.
Higher levels are seen for fresh water pearls. A similar trend
is seen for Ba and P, an inverse trend for Na, K, Mg, B, S, and Sr.

An analyzed pearl from Tahiti. The tiny craters (middle)
produced by the laser are small (60 µm) compared to
the hole for the string of a necklace (ca. 1 mm) (top).

Photograph of the pearl section (a) with the Mn
distribution represented with false colors (b). Several
layers in the nacre and the inner bead are clearly visible.
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Mass spectrometric imaging (MSI) stands out from the
available molecular imaging technologies due to its ability
to simultaneously map multiple analytes without the need for
labeling. This makes it the method of choice for applications
where labeling is not amenable, or where many (up to hundreds)
analytes are tobemonitored inone sample.Since the technology is
based on the identification of the analyte molecules by their exact
mass and/or fragmentation pattern, it also allows the imaging of
a wide mass range without the need to know the analytes a priori
to the measurement. While the potential of this technology was
recognized early on, it was not till recently that new technological
advances made it routinely applicable to biomedical research.

In our laboratory, the optimized mass spectrometric imaging
process starts withwhole-body tissue sectionswhich aremounted
on metal plates and coated with matrix which is required for the

subsequent matrix-assisted laser desorption/ionization (MALDI)
process. A reproducible matrix layer is achieved by spray-
deposition using an in-house developed coater. The prepared
samples are transferred to a temperature and humidity controlled
store holding up to 110 plates. A robot distributes these plates
to two MALDI mass spectrometers (FlashQuant, AB SCIEX)
which acquire the image data from pre-defined regions, either
for multiple analytes or whole mass ranges.

A typical experiment where compound and metabolite
distributions are analyzed in rodents after administration involves
five time points, with analysis of twelve sections per animal
(triplicates from four positions). The resulting data shows the
time-dependent distribution of the compound and its metabolites
from one experiment, deliveringmechanistic information in early
drug discovery.

We proved the value of MS imaging for compound and
metabolite distribution studies and demonstrated it to be an
alternative to existing technology in cases where micromolar
tissue concentrations are achieved. By applying a normaliza-
tion strategywith internal standards, quantification accuracy
of better than thirty percent was achieved.

Received: January 22, 2013
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Mass spectrometric imaging platform at the Novartis campus. Tissue
sections are prepared in a wet-lab and transferred to the mass spec lab
using an elevator (right side). Two high sensitive mass spectrometers
with a robotic system analyze the samples in automatic mode. Due to
the novelty of this technology, it is on display in the Novartis showcase
lab on the Novartis campus in Basel where visitors can learn about the
process and see the system in action.

Mass spectrometric imaging data depicting the compound and
metabolite distributions in rat after dosage. Higher intensity in the
picture correlates to higher analyte concentration. From one animal, up
to four sections are analyzed, covering the 50 organs of interest (z-axis).
From one section, the compound (Cpd) and multiple metabolites (M1
to M3) are analyzed simultaneously. The time (t) dependent distribution
information is acquired from different animals.
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Detecting Heparin in Whole Blood for Point of Care
Anticoagulation Control During Surgery
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Highmolecularweightpolyanionicheparin (standardheparin)
is the anticoagulant of choice in many surgical procedures
because of its fast onset of action and since its effects can be
effectively and rapidly reversed by its antidote, the polycationic
protamine. Accurate reversal of heparin requires knowledge of
its concentration after surgery, which is accomplished on the
plasma sample with a colorimetric assay performed centrally in
the clinical laboratory. Unfortunately, this assay is not available
around the clock and exhibits a long turnaround time of more
than one hour, during which time the heparin concentration in
the patient may no longer reflect the reported value. A direct and
rapid detection of heparin at the point of care would hold great
promise for delivering better anticoagulation care to millions of
patients around the world.

Our group has recently reported on an electrochemical
approach to detect the antidote protamine in whole blood samples
with a precision of the order of 1%.A supported liquid membrane
containing dinonylnaphthalene sulfonate partially paired with
tetradodecylammonium is used to detect protamine in blood. An
applied cathodic current forces the extraction of protamine from
the blood sample into a membrane, and the potential at the same
membrane is monitored over time.As protamine is depleted at the
membrane surface in a diffusion-limited process, the potential

changes at a precise transition time. This time is taken as the
analytical signal and gives a linear calibration curve when plotted
as square root of transition time vs. concentration.

Heparin is quantified by adding a known concentration of
protamine to a sample aliquot andmeasuring the excess protamine
that is not lost by interacting with heparin. The binding between
heparin and protamine is diffusion-controlled, allowing for a
rapid measurement time in the order of seconds after mixing.
The liquid membranes exhibit excellent reproducibilities for
repeated measurements. Work is currently underway at the
University Hospital of Geneva to validate the technology in
clinical settings. In conclusion, we present here a new and
convenient electrochemical methodology to quantify heparin
in blood that may improve on the current state of the art in
patient care.

Received: March 19, 2013
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(Photo A. Kühn, Bad Oeynhausen).

Substructure of the highly charged heparin.
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Detection
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The detection of polymerase chain reaction (PCR) products
is widely used in DNA analysis for such diverse tasks as the
determination of paternity, genetic fingerprinting in forensics,
identification of pathogens, diagnosis of genetic diseases,
recognition of banned genetically modified food items or the
identity of meat samples. The standard method for this analysis
is planar gel electrophoresis in which the DNA fragments are
separated by their size. This method is well established, but it
is hard to automate, time consuming, and requires staining for
visualization on the plate. Data processing requires awkward
optical scanning of the plate.

Capillary electrophoresis (CE) is an alternative which
allows faster separations and the direct electronic acquisition
of electropherograms with characteristic peaks whose areas are
directly related to the amount of the species in question. The
method is relativelysimpleasonly theapplicationofahighvoltage
is required andhighpressure pumps as in columnchromatography
are not needed. Contactless conductivity detection is a fully
electronic universal technique which is much easier to implement
than optical detection on the narrow capillaries needed in
electrophoresis which have inner diameters of typically 50 µm.
The electrodes are placed on the outside of the capillary and thus
cannot deteriorate by contact with solutions. The conductivity
measurement of the solution inside the tubing is enabled by
capacitive coupling of an AC-voltage into the capillary and the
similar coupling of the resulting current out of the capillary on a
pair of tubular electrodes. The term C4D, for capacitively coupled
contactless conductivity detection, has become widely accepted
for this technique. Due to the low power requirements it also
possible to construct complete portable CE-C4D instruments
which can be run from batteries.

As an example of the application, the identification of
genetically modified soybean (Roundup Ready), which is banned
from importation into Switzerland, was carried out. PCR primers
were designed to yield a fragment of 400 base-pairs for the GM-
soybeans.

The method allows the relatively fast analysis of PCR
products yielding the results in a standard electropherogram
on a simple and inexpensive instrument.

Received: April 16, 2013
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In-house constructed C4D-cell.
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Electropherograms obtained by CE-C4D for the PCR-product of
the Roundup Ready soybean (a) and a mixture of mass standards
(ladder) (b), shown together with a picture of the stained plate for the
separations carried out by conventional planar gel electrophoresis.
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Volatile sulphur Compounds in Cheeses – An
Odorous Analytical Challenge
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Cheese flavour is mainly the result of bacterial metabolic ac-
tivities. Not only the starter culture, but also the non-starter lactic
acid bacteria used to manufacture cheeses contribute to flavour
formation, and cheese flavour is primarily determined by degra-
dation of proteins to peptides and free amino acids, degradation
of milk fat, and degradation of lactate and citrate.

Volatile sulphur compounds (VSCs) contribute essentially to
the characteristic flavour of many foods, and in numerous chees-
es, VSCs such as methanethiol, hydrogen sulphide, and meth-
ylsulphides (which are mainly derived from the decomposition
of the sulphur-containing amino acids cysteine and methionine)
are amongst the key flavour compounds. Due to their frequent
low odour thresholds, their presence and sensory properties can
significantly influence cheese flavour even when present at low
quantities. As a consequence, a variation in VSC concentration
can profoundly change cheese flavour. Since VSCs are highly
volatile and reactive compounds, their analysis, mostly by gas
chromatography (GC), remains an analytical challenge. Carefully
chosen and state-of-the-art analytical tools in sampling, extrac-
tion, analysis and detection are needed.

In addition to universal physical detectors such as the mass
selective detector (MSD) which allow the structural identifica-
tion of chemicals, specific detectors targeting heteroatomic com-
pounds are used to increase sensitivity. Pulsed-flame photometric
detection (GC/PFPD) can be used for the detection of sulphur
and various other heteroatoms; the detection being based on the
combustion of compounds eluting from the GC in a hydrogen-
rich flame leading to the generation of excited species and conse-
quently photomultiplied light emission (sulphur emission wave-
length: 393 nm).

Samples of different cheese varieties produced in Switzerland
were analysed by GC-MSD/PFPD, andVSC profiles were found
to be very different. Extraction of VSCs was done by headspace
solid-phase microextraction where volatile compounds from the
gaseous space above the sample in a closed vial are ab- and/or ad-
sorbed on a polymer matrix and thermally desorbed into the GC.

GC-MSD/PFPD allows the efficient and reliable analy-
sis of volatile sulphur compounds which are often present
in very low concentrations and nevertheless influence cheese
flavour due to their low sensory thresholds.

Received: June 12, 2013
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The GC-mS/PFPD experimental setup used at agroscope’s flavour
analytical laboratory in Bern: a GC (Thermo Finnigan Trace GC) is
equipped with a mass spectrometer (Thermo Scientific DSQ ii Single
Quadrupole) and a PFPD (O.i. analytical, detector model 5380)
to simultaneously measure the mS trace and the sulphur-specific
response chromatogram.

Pulsed-flame photometric detector sulphur-specific trace comparison
between three different cheeses produced in Switzerland: Gruyère,
Camembert, and fresh cheese.
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The ability to quantify any protein or set of proteins of inter-
est is an essential task in the life sciences. In terms of total mass,
proteins are the second most abundant molecules in human cells,
second only to water, and are crucial effectors and regulators of
virtually all cellular processes. A eukaryotic cell contains more
than 5,000 different proteins, which span a broad range of abun-
dances, and thereby challenge current analytical techniques that
aim to reliably measure proteins of interest. Measuring proteins
is a crucial requirement in biomedicine, as they can change their
abundance in response to stimuli such as an infection or during
disease progression (e.g. as in cancer). Quantifying proteins is

also extremely important in the biological sciences to understand
basic cellular processes since proteins directly or indirectly su-
pervise all reactions occurring in cells.

In the analytical sciences, complete gold-standard reference
maps or datasets describing the properties of the compounds un-
der study (e.g. libraries for the spectroscopic properties of mol-
ecules) are commonly used to reliably probe any sample for the
presence of the molecule(s) of interest.Attempts to generate such
maps for a proteome, the ensemble of all proteins contained in
a given organism, have so far failed to reach complete coverage.

To generate a complete (97%) referencemap for the proteome
of S. cerevisiae, a model eukaryotic organism commonly used in
biological research, a strategy based on high-throughput peptide
synthesis and mass spectrometry (MS) was used. Two versions
of this MSmap were generated, one supporting discovery experi-
ments and the other hypothesis-driven (targeted) proteomic mea-
surements based on selected reaction monitoring (SRM) assays.
As a proof of principle, high coverage of the protein abundance
range (~50 – 1E6 copies/cell) was achieved in total cell lysates
using SRM assays. The MS map was later coupled to the com-
plete genomic information available for S. cerevisiae in a quanti-
tative trait locus (QTL) analysis to unravel the complex relation-
ships that exist between genes and protein abundances in yeast.

This mass-spectrometric proteome map constitutes the
first complete set of quantitative proteomic assays for more
than 6,000 proteins and can be used to support most contem-
porary proteomic studies in the model eukaryote, yeast. The
same approach can be applied to the human proteome.

Received: July 16, 2013
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A proteome map enables the ext-
raction of mass-spectrometric co-
ordinates for proteins of interest.
The sensitivity of the developed
SRM assays enables the reliable
detection of low-abundance pro-
teins in yeast (~50 copies/cell), a
challenge of dynamic range ana-
logous to finding a four-leaf clover
from outer space.

Schematic representation of the workflow used to create a reference mass-spectrometric map of the yeast proteome.
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Launching a drug is a complex and time-consuming process 
that requires 15–20 years. It usually costs around 1 billion dollars 
and is rather risky: only one out of 10,000 studied compounds 
will eventually reach the market. Among the different challenges 
the pharmaceutical industry has to face to produce better drug 
candidates, it is essential to reduce the attrition rates during 
drug development by developing compounds with improved 
pharmacokinetics. Plasma protein binding (PPB) is an important 
drug characteristic that has strong implications for in vivo 
performance. It is widely accepted that only the free drug 
fraction can cross membrane barriers, be distributed to tissues, 
and elicit a pharmaceutical response. Moreover, the effect of a 
drug (pharmacological or toxicological) is related to the exposure 
of a patient to the free drug in plasma rather than to the total drug 
concentration. The binding of a drug to plasma proteins (albumin 
and α

1
-acid glycoprotein), by regulating the free drug fraction, is 

thus considered an important parameter to be determined during 
the drug research process. Nowadays, the most widely used 
techniques for PPB measurement are equilibrium dialysis and 
ultrafiltration. However, these techniques have some limitations, 
which narrow their application in the current high-throughput 
pharmaceutical environment.

Our proposed methodology takes into account the require-
ments and specificity of the different stages of the drug research 
process. During the early stages of the drug discovery phase, 
the number of compounds to test is huge and detailed analysis 
cannot be performed on every molecule. Therefore, a screening 

step by affinity chroma
tography is first applied 
to identify strongly 
bound compounds 
(>85%) that are likely to 
cause drug safety issues 
or severe adverse effects. 
Affinity chromatography 
requires only a single 
analysis per compound 
to obtain an estimation 
of its affinity for a 
protein. Moreover, using 

a highly selective detector, such as mass spectrometry, compound 
pooling can be performed to further enhance the throughput. In 
a second step, the strong binders are studied with techniques 
that produce more information on the binding process (i.e. 
affinity constant, stoichiometry, kinetics of the interaction), even 
though they are more time-consuming. For this purpose, surface 
plasmon resonance biosensor and capillary electrophoresis, for 
drug-albumin and drug–α

1
-acid glycoprotein, respectively, are 

particularly well adapted. The developed strategy shows great 
potential to enhance the pharmacokinetic profile of drug 
candidates.

Received: August 14, 2013
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Fig. 1. Binding equilibrium between a 
plasma protein and a drug. Kd represents 
the dissociation constant.

Fig. 2. Proposed methodology to assess drug–plasma protein 
interactions.
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Neutron Activation Analysis – Another Approach
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Uranium (U) and thorium (Th) are the starting elements of
two natural decay series. The isotopic abundance in the Earth’s
crust for 238U and for 232Th is 2 and 7 mg/kg, respectively; howev-
er, in suspended matter they are enriched (30–40 mg/kg uranium;
30–60 mg/kg thorium). Normally, these isotopes are analysed
with spectroscopic methods, such as ICP/MS or ICP/OES, alpha
spectrometry, or bymeans of gamma ray detection via either their
daughter nuclides (234Th for 238U, at 92.4 keV) or by analysing
directly the weak low-energy gamma line of 232Th at 63.8 keV.

Another possibility is to use instrumental neutron activation
analysis (INAA). The analytes are irradiated with neutrons pro-
duced in a nuclear reactor. The activation processes are as fol-
lows:

238U + n → 239U → 239Np + β + γ → 239Pu + β + γ (half-life
of 2.4 d)

232Th + n → 233Th → 233Pa + β + γ → 233U + β + γ → … (half-
life of 27 d)

The gamma rays of
the irradiated samples
are analysed with high-
purity germanium de-
tectors. Gold is used
as an internal standard
(activated to 198Au,
half-life: 65 h).

At the interna-
tional monitoring sta-
tion Weil am Rhein,
Germany, the main
task is the daily con-
trol of the Rhine water.
As a completion, sus-
pended matter is col-
lected and analysed for
substances of environmental concern, such as heavy metals,
polychlorinated biphenyls and last but not least, artificial and
naturally occurring radionuclides. Periodically, suspended mat-
ter is extracted by means of a centrifuge. After freeze-drying and
grinding, the sample is ready for INAA. 1 g sample is irradiated
for 30 min by means of the nuclear reactor at the Department of
Physics, University of Basel.After a cool-down period of 2 hours
the sample is counted at the Kantonales Laboratorium by means
of a gamma spectrometer for at least 2000 s.

Recently, discussion started about elevated uranium concen-
trations in ground- and river waters. Phosphate fertilisers are a
natural source of uranium and other actinides. For this reason,
the treatment of agricultural soils with phosphate fertilisers can
lead to an accumulation of uranium and other actinides in the
soils. Uranium-VI is soluble and can be leached from the soils
into ground- and river waters.

INAA is an alternative method for the determination of
U and Th in soil, sediment and suspended matter samples.
The method omits interferences from the γ-decay of natural
nuclides in the measured gamma ray spectra.

Received: September 2, 2013
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Suspended matter collected with the
centrifuge at the international monitoring
station Weil am Rhein. Collecting time
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Nuclear reactor core at the Uni-
versity of Basel. The AGN-211-P is
a light-water moderated swimming
pool reactor with a power of 2 kW
and a neutron flux of 3.8E+10 neu-
trons/cm2/s (photo by G. Testa).

The international monitoring
station Weil am Rhein, Germany
(photo by S. Zehringer).
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New Calibration System for Breath-Alcohol Analysers
Based on SI

Martin Stalder, Daniel Schwaller, Bernhard Niederhauser,
Hanspeter Andres, and Samuel Wunderli*

*Correspondence: Dr. S. Wunderli, Eidgenössisches Institut für Metrologie
METAS, Lindenweg 50, CH-3003 Bern-Wabern, Tel.: +41 58 387 03 83, E-mail:
samuel.wunderli@metas.ch

Keywords: Breath-alcohol · Calibration · Traceability ·
Uncertainty

Based on a new ordinance, the Swiss police have been using
verified breath-alcohol test instruments for official controls
since January 1st 2012. Such instruments are increasingly
used for medical prevention and occupational security. The
measurement stability cannot be solely left to the manufacturer
or his representatives.

For the yearly verification, type approval test, and conformity
assessment of breath-alcohol devices, wet breath is generated by a
saturation system. The traceability is given by a recommendation
of the International Organisation of Legal Metrology (OIML)
only,[1] which is heavily disputed and partly modified nationally.
For the OIML generation method, the ‘Physikalisch-Technische
Bundesanstalt’ in Germany reports a bias of 1% to 2%.[2]

The traceability of the breath-alcohol mass concentration is
effected by gravimetrically prepared gas mixtures in pressure
cylinders or by a wet generation with bubble trains using the
convention of Dubowski:[3] β

gas
(EtOH) = β

liquid
(EtOH) · A

Dub
·

exp(B
Dub

·t).
β is the mass concentration β

gas
, β

liquid
in (mg/L); t is the

temperature in °C; the constants of the Dubowski formula are
A

Dub
= 0.04145·10–3, B

Dub
= 0.06583 °C–1.

The SI-traceability of the breath-alcohol tests results is
desirably ensured without the OIML-convention.[1,3,4]

A generator for wet breath-alcohol was built and is now
tested at METAS. Using low-pressure, programmable micro
annular gear pumps, water and water/ethanol mixtures are mixed
dynamically in an evaporator with calibrated gas mass flows
of certified air-like gas mixtures. Breath-alcohol of 0.5 mg/L
to 1 mg/L, at 34 °C, 95% relative humidity and 1 atm results.
First-order influence parameters are displayed in the fish-bone
diagram. Gravimetrically calibrated liquid mass flows of pure
water are accumulated in tared vials containing silica gel.

A preliminary uncertainty evaluation based on empirical
input quantity data showed that a combined relative
uncertainty better than 1%canbe achieved.As a consequence,
the Dubowski formula constants can be made traceable to the SI.

Received: October 12, 2013
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OMA & OPA – A Software Tool for Mass
Spectrometric Sequencing of Nucleic Acids
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Blum, Jean-Louis Reymond, and Stefan Schürch*

*Correspondence: PD Dr. S. Schürch, Department of Chemistry and Biochemistry,
University of Bern, Freiestrasse 3, CH-3012 Bern, Tel.: +41 31 631 43 89, E-mail:
stefan.schuerch@dcb.unibe.ch

Keywords: Modified nucleic acids ∙ Oligonucleotide
sequencing ∙ Software-assisted spectra analysis ∙
Tandem mass spectrometry

Oligonucleotides comprising unnatural building blocks,
which interfere with the translation machinery, have gained
increased attention for the treatment of gene-related diseases
(e.g. antisense, RNAi). Due to structural modifications, synthetic
oligonucleotides exhibit increased biostability and bioavailability
upon administration. Consequently, classical enzyme-based
sequencing methods are not applicable to their sequence
elucidation and verification. Tandem mass spectrometry is the
method of choice for performing such tasks, since gas-phase
dissociation is not restricted to natural nucleic acids. However,
tandem mass spectrometric analysis can generate product ion
spectra of tremendous complexity, as the number of possible
fragments grows rapidly with increasing sequence length.
The fact that structural modifications affect the dissociation

pathways greatly increases the variety of analytically valuable
fragment ions. The gas-phase dissociation of oligonucleotides is
characterized by the cleavage of one of the four bonds along the
phosphodiester chain, by the accompanying loss of nucleobases,
and by the generation of internal fragments due to secondary
backbone cleavage. For example, an 18-mer oligonucleotide
yields a total number of 272’920 theoretical fragment ions.

In contrast to the processing of peptide product ion spectra,
which nowadays is highly automated, there is a lack of tools
assisting the interpretation of oligonucleotide data. The existing
web-based and stand-alone software applications are primarily
designed for the sequence analysis of natural nucleic acids, but
do not account for chemical modifications and adducts.

Consequently, we developed a software to support the
interpretation of mass spectrometric data of natural and modified
nucleic acids and their adductswith chemotherapeutic agents.The
software package consists of two parts: (i) The Oligonucleotide
Mass Assembler (OMA) and (ii) the Oligonucleotide Peak
Analyzer (OPA). The OMA represents a tool for calculating
all possible fragment ions of a given nucleic acid sequence.
The OPA subsequently matches the m/z of the theoretical
dissociation products with the experimental data. The library of
oligonucleotide building blocks can be expanded by the user in
order to address any structural modification.

TheOMA&OPAsoftware isprogrammedintheplatform-
independent language Java and it therefore runs on all major
operating systems. It can be downloaded for free from: http://
schuerch.dcb.unibe.ch/omaopa/.

Received: November 22, 2013
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Venoms fromsnakes, spiders, scorpions etc.offer anAladdin’s
cave of proteins and peptides for drug discovery. Within the
venom of these species are numerous proteins and enzymes
designed to kill or immobilise prey and aid digestion, including
neurotoxins, cardiotoxins and muscarinic toxins. The individual
proteins can be isolated (or produced recombinantly) and used
for therapeutic effect.

Disulfide bridges are covalent bonds formed between the
thiol groups of two cysteine residues. Many venom proteins
contain a proportionally large number of such bridges, which
play a fundamental role in defining their structure and specialized
functionality. For many proteins, disulfide assignment can be
achieved fairly simply by mass spectrometry (MS) analysis
of bridged fragments following proteolytic digestion under
non-reducing conditions. In venom proteins, elucidation of
disulfide connectivities is often much more challenging due
to the interwoven arrangement of bridges, which means that a
simple proteolytic digest will not cut the protein in such a way
that the connectivity can
be determined unambig-
uously. Thus a variety of
techniques are required
to yield fragments that
will reveal the disulfide
connectivity.

At HES-SO Valais,
recombinant snake
venom proteins are being
developed for use as new
drugs. Part of the analytical
strategy is to verify that
disulfide bridges are
correctly formed. To
confirm their number, a
high mass accuracy QTOF
mass spectrometer is
used to observe the mass
difference of 1 Da between
a disulfide bonded and free
cysteine. The presence
of disulfide isoforms
(proteins with identical
sequence but different

disulfide connectivities) is
determined via MS following
their separation with RP-(U)
HPLC. To assign bridges,
proteins are digested
using carefully selected
combinations of proteolytic
enzymes such as trypsin and
pepsin to give proteolytic
fragments which consist of
several peptide chains linked
by disulfide bridges. MS/
MS with collision-induced
dissociation is then used to
cleave along the polypeptide
backbone to give peptide
fragments joined together by
single disulfides, from which
the bonding pattern can be
deduced. This enables us to
study challenging proteins
containing interwoven

disulfides and vicinal cysteines as are often an occurrence
in venom proteins. Verifying disulfide bonding in venom
protein-based drugs is a key element in assuring Active
Pharmaceutical Ingredient safety and efficacy.

Received: December 19, 2013

3D model of the three-finger
toxin, mambin. Disulfide bonds
are shown in red, yellow, light
blue and dark blue. Image of
PDB ID: 2LA1 (C.H. Cheng et
al., Protein Sci. 2012, 21, 1872)
created using RCSB PDB Protein
workshop (L. Moreland et al., BMC
Bioinformatics 2005, 6, 1472).

Artist’s representation of mambaglin-1,
a pain-relieving peptide from the
venom of the black mamba snake. The
peptide contains four disulfide bonds
in the positions Cys1–3, 2–4, 5–6, and
7–8, as shown by the grey lines. Image
reproduced with permission of John
Wiley and Sons, from C. J. Craik, C.
I. Schroeder, Angew. Chem. Int. Ed.
2013, 52, 3071.

MS/MS disulfide connectivity determination strategy. Xaa represents
any amino acid in a hypothetical protein, which has undergone
enzymatic digestion to yield disulfide bridged chains with two possible
disulfide connectivities: Cys1-Cys3 or Cys2-Cys3. In this case, b2 and
y3 ions from fragmentation on the first chain elucidate the connectivity.
Reproduced with permission of John Wiley and Sons, from M. S.
Goyder, F. Rebeaud, M. E. Pfeifer, F. Kálmán, Exp. Rev. Proteomics
2013, 10, 489.



272 CHIMIA 2014, 68, Nr. 4 Columns

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, EMPA St.Gallen, Lerchenfeldstrasse 5, 9014 St.Gallen
Phone: +41 58 765 77 87, Fax: +41 58 765 77 62, Mail to: veronika.meyer@empa.ch

doi:10.2533/chimia.2013.272

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Identification of Sulfur Mustard Hydrolysis Products
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Sulfurmustards (SM) are strong vesicants which form blisters
on the skin and in the lung. Full body protection is required as
countermeasure against SM. SM were first used during World
War I (WWI) in 1917 near Ypres by the German military. Since
WWI SM or other chemical warfare agents (CWA), notably
organophosphorus nerve agents like Sarin, have been used on a
large scale repeatedly, most recently in the civil war in Syria. The
remainingCWAstockpiles aremostlymade of organophosphorus
nerve agents and SM.

Analytical methods for the detection and unambiguous
identification of CWA are needed for the verification of the
chemicalweaponsconvention, for theprotectionof thepopulation,
and for the medical treatment of victims. However, the analysis in
case of an alleged use of chemical weapons cannot be restricted
to the CWA themselves as the CWA undergo degradation in
the environment. As an example, SM can be hydrolyzed. These
degradation/hydrolysis products must be included in the scope
of analysis.

1H NMR is a powerful spectroscopic method for the
identification of chemicals. The application of 1H NMR to the
analysis of environmental samples is in most cases not limited by
its sensitivity but by the signals from the background chemicals
present in the sample which partially or completely obscure
the analyte signals. This necessitates a sample preparation step
to isolate the analytes from the background chemicals. In the

liquid chromatography–UV detection-solid phase extraction–
NMR technique, the SM hydrolysis products are separated from
the background chemicals by LC, detected by UV, trapped and
concentrated on a SPE cartridge and after elution in an NMR
tube identified by 1H NMR. Detection limits of 200–450 ng of
analyte injected on the column are obtained for 1H NMR spectra
recorded at 500 MHz using a cryoprobe and an acquisition time
of 15 min. LC-UV-SPE NMR is a powerful method to identify
SM hydrolysis products in environmental samples.

Received: February 4, 2014
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Sulfur mustard hydrolysis products.

Samples suspected of contamination with sulfur mustard.

Iranian victim of exposure to sulfur mustard. ‘A short documentation on
the Iraqi army’s use of chemical weapons’, published by the Embassy
of the Islamic Republic of Iran, Stockholm, Cultural Section, April 1984.
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Climate change and eutrophication may both contribute to
a dramatic decline in oxygen (O

2
) concentrations in lakes and

oceans. An analysis of Lake Zurich’s 70-year dataset of monthly
water column measurements revealed a clear impact of rising air
temperature on the lake’swater temperature andO

2
concentration.

A pronounced shift to higher air temperature in the late 1980s
corresponded with an increase in water temperature. Warming
was greater in the lake’s surface water than in the deep water,
leading to an increase in water column stratification, which
resulted in a general decline in bottom water O

2
concentrations.

In an attempt to extend Lake Zurich’s O
2
record further

back in time, a sediment core from the lake’s deepest region
(137 m) was analysed with non-destructive X-ray fluorescence
(XRF) core scanning to obtain high-resolution manganese (Mn)
and iron (Fe) element profiles. As the sediment core contains
semi-annual laminations (i.e. similar to tree rings) dating back
to 1895, the XRF data, which have a sampling resolution of
0.3 mm, provide high-resolution trace metal records. Because
Mn and Fe differ with respect to their redox behaviour, the
Mn/Fe ratio in sediment cores has been considered a proxy for
anoxic conditions for decades, but this has never before been
validated with monitoring data. Using the Lake Zurich core, we
could show that the Mn/Fe ratio is moderately correlated with
the measured maximum annual bottom-water O

2
concentration

(R2 = 0.6; n = 66; p < 0.01; 1936–2010). Sedimentary processes
like the deposition of turbidites (‘underwater mass movements’)
or diatom blooms reduce the consistency of this relationship.
Although the elemental profiles are relative, normalising the Mn
signal with Fe corrected for differences in porosity, water content,
terrestrial inputs and calcite dilution. Based on this correlation,

bottom-water O
2
concentrations from 1895 to the present were

reconstructed to gain insight into the impact of high external
phosphorus loading on bottom-water O

2
. Applying this method

to cores from shallower water depths revealed a breakdown of the
Mn/Fe ratio that most likely resulted from the lateral transport of
redox-sensitive elements and their subsequent enrichment in the
deepest part of the lake.

The Mn/Fe ratio was shown to be useful as a semi-
quantitative proxy for past bottom-water oxygen concentra-
tion inLakeZurich.Combinedwithmonthlymonitoringdata,
the method shows the long-term impact of eutrophication
and climate on bottom-water oxygen concentrations.
Acknowledgements
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Lake Zurich (copyright Zürichsee Tourismus).
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Microbes Based on MALDI-TOF Protein and Peptide
Profiling

David Drissnera, Maria-Theresia Gekenidisa, Ralph
Schlapbachb, and René Brunisholz*b

*Correspondence: PD Dr. R. Brunisholzb, Tel.: +41 44 635 39 03, E-Mail: rene.
brunisholz@fgcz.ethz.ch
aAgroscope, Institute for Food Sciences, Schloss 1, CH-8820 Waedenswil
bFunctional Genomics Center Zurich, ETH Zurich and University of Zurich,
Winterthurerstrasse 190, CH-8057 Zurich

Keywords: Discrimination ∙ HIFU ∙ MALDI biotyping ∙
Pathogenic microbes ∙ Peptide biomarker ∙ Trypsin digest

Rapid and reliable microbial identification is of utmost
importance – whether in clinical and veterinary diagnostics
or in food safety control and outbreak tracking. Conventional
methods assessing phenotypic traits of isolated microbes based
on biochemical reactions, Gram staining, colony morphology, or
growth pattern are often time-consuming. Molecular biological
techniques for assessment of genotypic traits are often expensive.
Identification of microbes by MALDI-TOF mass spectrometry
(MALDI biotyping), based on profiling of mainly ribosomal
proteins and comparison to a referencemass spectra database, has
developed from an emerging to a robust leading-edge diagnostic
technology and has revolutionized work in microbiological
laboratories in recent years. This is due to its short time-to-result,
streamlined protocol allowing a cost-effective identification
within less than 20 minutes.With MALDI biotyping, an accurate
and reliable identification of bacteria and fungi is possible down
to genus and species level. For the accurate identification of
individual subspecies or serovars, modified methods need to be
applied.

In order to further advance the analytical method, the
Functional Genomics Center Zurich (FGCZ) andAgroscope have
enteredacollaborationanddeveloped jointly anovel andultra-fast
workflow that combines the classicalMALDI biotyping approach
with shotgun trypsin digestion of proteins under High-Intensity-
Focused-Ultra-
sound (HIFU)
and subsequent
nano-LC separa-
tion of resulting
peptides. The
latter are sub-
sequently identi-
fied by MALDI-
TOF/TOF mass
spec t r ome t ry.
The use of
peptides as bio-
markers extends
the usable mass
range and type of

proteins potentially identified as compared to classical MALDI
biotyping, resulting in an increased discrimination power to the
subspecies level. The established workflow is currently used for
the identification of several pathogenic microbes and will be
applied in the near future to selected reaction monitoring (SRM)
experiments for an even more rapid identification of microbial
strains. The new combined analytical method will contribute
to amore accurate andmore sensitive pathogen identification
on subspecies level in a multitude of disciplines, such as
clinical diagnostics and food safety.

Received: March 27, 2014
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Onion seeds, agar plate with colonies of Salmon­
ella sp. isolated thereof and single Salmonella
cells under the microscope (from left to right).
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MALDI-TOF MS spectra of foodborne spoilage and pathogenic
microbes isolated from beans (A), apple juice (B), and onion seeds (C – H).

Classical MALDI biotyping and novel workflow.
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Organic Acids Exuded by Pioneering Fungi from
a Glacier Forefield Help to Weather the Granitic
Sediments
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Glaciers are retreating worldwide due to global climate
change. In Europe, alpine glaciers lost about half of their total
surface area and their total volume within the last 150 years.
Consequently, fresh rock sediments are exposed at the surface
and subjected to weathering processes.

Rock surfaces that are freshly exposed to the atmosphere
become rapidly colonized by microbial communities as the first
settlers. In particular, granitic sediments of glacier forefields are
inhabited by a large variety of microorganisms, such as bacteria,
cyanobacteria, archaea, green algae and fungi. As no plants grow
during the first years after the glacier has retreated, the carbon
found does not originate from autochthonous plants. Cell-wall
remnants and exudates of green algae and cyanobacteria are most
likely the major primary carbon source in this environment, in
addition to deposition (e.g. pollen) and the ancient recalcitrant
organic matter.

A set of fungal species isolated from fine granitic sediment of
the non-vegetated forefield of the Damma Glacier in the central
Swiss Alps showed a high potential to weather powdered granite
material in batch experiments. In particular, the zygomycete
fungiMucor hiemalis, Mortierella alpina, Umbelopsis isabellina
and the ascomycete fungus Penicillium chrysogenum dissolved
the granite powder most efficiently. It was shown that the high
concentrations of Ca, Fe, Mg and Mn in the solutions were the
result of the release of high amounts of organic acids, mainly
citrate, malate and oxalate.

Concentrations of the organic acids in the treatment solutions
were analyzed by ion chromatography on a Dionex ICS-3000,
using an IonPacAS19 analytical column.An IonPacAG19 guard
column and an IonPac AG11-HC guard column were used as
pre-columns to improve run quality. Cell temperature of the
conductivity detector was set to 35 °C and column temperature
to 30 °C. Separation of the organic acids in the columns was
achieved using a NaOH gradient, with a detection limit of 0.15
mg l–1.

In a consecutive study we showed that the patterns of released
organic acids are dependent on the sources of carbohydrate. In
particular, pollen and remnants of algal cells can trigger the
exudation of organic acids of fungi in order to promote the
weathering of minerals and to make nutrients available.

Received: May 8, 2014
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Damma Glacier with forefield, situation of October 2007: 1 Glacier
tongue, 2 side moraine, 3 frontal moraine from 1992, 4 glacier forefield
younger than 15 years, 5 glacier forefield older than 50 years. The
studies were conducted in association with the ‘BigLink’ project of the
Competence Center Environment and Sustainability of the ETH Domain
(CCES), S. M. Bernasconi et al., Vadose Zone J. 2011, 10, 867. Photo
by G. Furrer
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Ion chromatogram of exuded organic and inorganic anions of Mucor
hiemalis. The fungus was raised in a solution which contained the cell-
wall component pectin as the only carbohydrate source.
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Non-aqueous Capillary Electrophoresis for the
Analysis of Pharmaceutical Acidic Compounds Using
Negative ESI-MS
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Non-aqueous capillary electrophoresis (NACE) is an
attractive capillary electrophoresis (CE) mode in which
the conventional aqueous background electrolyte (BGE) is
replaced by organic solvents. This substitution modifies several
physicochemical properties (pK

a
, dielectric constant, viscosity,

zeta potential, and conductivity) resulting in a modification and
often an improvement of the CE separation performance. NACE
is particularly well adapted to mass spectrometry (MS) detection
due to the high volatility of solvents that improves the formation
of easily evaporable droplets with the electrospray ionization

(ESI) source, increasing ionization efficiency while ensuring a
stable spray.

We studied the use of NACE coupled to negative ESI-MS for
the analysis of acidic compounds with two CE-MS interfaces
(sheath liquid and sheathless). First, the NACE mode was
compared to the aqueous CE mode for the analysis of non-
steroidal anti-inflammatory drugs (NSAIDs) that represent
an important pharmacological class commonly used for their
analgesic and antipyretic properties. As shown in Fig. 1A, the
NSAIDs were not separated when an aqueous BGE was used,
whereas an organic BGE (acetonitrile, methanol and ammonium
acetate) allowed a complete separation (Fig. 1B) and led to a
1–10-fold improvement of the detection sensitivity. Separation
performance as well as detection limit could be further improved
using the sheathless interface without modifying the BGE
composition (Fig. 1C).

These results indicate that the NACE-ESI-MS method could
be considered an attractive tool for the analysis of very polar phase
II metabolites such as glucuronides. The latter are infrequently
analyzed using aqueous BGE due to their amphoteric properties.
Additionally, glucuronides are present at low concentrations
in urine (ng/mL range); therefore, NACE-ESI-MS with the
sheathless interface could provide the benefit of increased
sensitivity, particularly when a minimal sample preparation such
as simple urine dilution is used. As presented on the Fig. 2, a
complete separation of four glucuronides was achieved using a
sheathless interface. Concentration limits down to 500 ng/mL in
urine (corresponding to 25 ng/mL injected concentration) were
obtained without the presence of any significant matrix effect,
while a simple and rapid sample pre-treatment (dilution 1:20with
the BGE) was applied.

NACEisaninterestingalternativetotheCEaqueousmode,
especially because of the improved selectivity, sensitivity, and
spray stability when used in combination with ESI-MS.

Received: July 1, 2014
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Fig. 1. CE-MS separation of non-steroidal anti-inflammatory drugs
with aqueous electrolyte and sheath liquid interface (A), with organic
electrolyte and sheath liquid interface (B), and with organic electrolyte
and sheathless interface (C).

LOD: 10-­‐100 ng/mL

LOD: 10-­‐50 ng/mL

LOD: 1-­‐5 ng/mL

1 B

1 A

1 C

Fig. 2. CE-MS separation of four glucuronides in diluted urine with
organic electrolyte and sheathless interface.

Glucuronides
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Parasite Reveals Mitochondrial Inheritance
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Mitochondria are double membrane bounded organelles that
together with the nucleus define the eukaryotic cell. Their main
function is energy production by oxidative phosphorylation.
Mitochondria derive from bacteria, which during evolution have
gradually been converted into organelles. The bacterial descent
of mitochondria is reflected by their genome which encodes a
small number of essential proteins. Every eukaryote therefore
needs mechanisms that during cell division correctly distribute
mitochondria and their genomes to the daughter cells. In a typical
eukaryotic cell this distribution process is however difficult to
study because it contains many dozens of mitochondria each of
which carries multiple mitochondrial genomes.

The unicellular flagellar parasite Trypanosoma brucei, best
known for causingAfrican sleeping sickness, provides a way out:
unlike other eukaryotes it has a singlemitochondrionwith a single
unit genome, which can easily be observed with a microscope.

This genome is physically linked, across the two membranes, to
the base of the flagellum. Prior to cell division a new flagellum
is produced which subsequently is segregated to the daughter
cell. Due to its linkage to the flagellum this leads to simultaneous
segregation of the replicated mitochondrial genome.

Using a combination of organellar proteomics, biochemistry,
and molecular genetics we have discovered a protein, termed
TAC40, that mediates this linkage. Removing TAC40 by genetic
tricks interrupts the linkage causing a failure of segregationwhich
results in unviable daughter cells that lack mitochondrial DNA.
Thus, TAC40 is a key component required for mitochondrial
inheritance in trypanosomes. But there is more: A bioinformatic
analysis shows that TAC40 defines a novel trypanosome-specific
subclass of the mitochondrial porin protein family that is
conserved in all eukaryotes. Mitochondrial porins are beta-barrel
structured membrane proteins that have been implicated in many
different functions including mitochondrial inheritance.

In summary, the discovery of the mitochondrial
outer membrane protein TAC40 in the tropical parasite
Trypanosoma brucei has revealed that mitochondrial genome
inheritance is likely the main and ancestral function of this
group of mitochondrial porins.

Received: July 18, 2014
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Scanning electron micrograph of the bloodstream form of the parasitic
protozoa Trypanosoma brucei. The single flagellum is laterally attached
to the cell body and extends the cell on the right side. The length of the
cell is approximately 30 µm (image courtesy of Christopher P. Jackson).

Schematic diagram of the mitochondrial DNA-flagellum linkage and
position of the TAC40 protein (red) in T. brucei. The three pictures show
different stages of the cell cycle. In the left panel the cell has a single
mitochondrial genome and a single flagellum. In the middle panel the
mitochondrial DNA has been replicated but not segregated yet. It is
linked to both the old and the newly produced flagella. The right panel
shows how the replicated mitochondrial DNA and the flagella co-
segregate (green arrows). The broken line indicates the position where
the mitochondrion will be divided. OM, mitochondrial outer membrane;
IM, mitochondrial inner membrane.
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A Close Look at the Fate of Compounds we are
Exposed to
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The exposome was defined by C. P. Wild as non-genetic and
encompasses “every exposure to which an individual is subjected
from conception to death”. An exposome can be endogenous
microbes, physical activity, infectious agents, stress, xenobiotics
such as pollutants or drugs and so forth and is a new term rather
than a new concept. The capacity of new liquid-chromatography
mass-spectrometry (LC-MS) to detect, in the same analysis,
a large number of molecules (100s to 1000s) at low levels
has advanced our understanding of the exposome. These new
detectors are LC-high-resolution mass-spectrometers (HR-MS)
and are mainly composed of Orbitrap- and Time-Of-Flight-MS.

HR-MS allows for the discrimination between very close
ionized molecular masses (m/z for mass-over-charge ratio).
For instance, C

15
H

14
O

3
N or C

16
H

16
OS, ionized by an H+ adduct,

would easily be discriminated by their m/z values: 257.10464 and
257.09946 Da (delta = 5 mDa), respectively. LC-HRMS analysis
with full scan acquisition shows an excellent selectivity whereas
1000s of ions are
recorded in a LC-
MS analysis. HR-
MS has shown
similar quantitative
capabilities in
comparison to
traditional quant-
ification technology,
triple-quadrupole-
MS.

We studied the
fate of a drug,
tamoxifen, taken for
threemonths ormore
by women with
breast cancer. We
discovered over 44
tamoxifen metabol-
ites in their blood
that are the result
of different bio-
transformation en-
zymes, with up to
seven biotransforma-

tion steps. This underscores
that, when we are exposed
to one molecule chronically,
the body can eventually be
exposed to a lot of differ-
ent derived molecules. We
revealed the inter-individual
differences in the levels of
some tamoxifen metabo-
lites, demonstrating that the
effect of a xenobiotic and
its metabolites can strongly
vary from person to person.

Today, using high-
resolution mass-spectro-
metry, the fate of drugs
and pollutants in humans
can be studied more in-
depth and with ease. From
a single compound we
are chronically exposed
to, there are tens of metabolites produced that could have
adverse reactions. Although our body is armed to cope with
most exposures, a more in-depth analysis allows to relate
toxic events, e.g. in a sub-population, and xenobiotic and its
various metabolites.

Received: August 28, 2014
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GeroldSchwarzenbach’s treatiseoncomplexometric titrations
established that for a titration reagent to be successful, the
complexation reaction must be rapid, proceed stoichiometrically,
and must be accompanied by a large change in free energy. The
model reagent for this methodology has of course been EDTA,
which forms stable complexes of a defined 1:1 stoichiometry
with a wide range of metal ions. Chelating agents must be water
soluble, and the associated ionizable groups necessitate a careful
control of pH.

Our group recently introduced colloidal titration reagents
that may dramatically increase the available chemical toolbox,
alleviate the need for pH control and eliminate the requirement
of a defined and singular reaction stoichiometry. The principle
of this nanoscale reagent is shown in Fig. 1. The hydrophobic
core of the suspended particles is doped with a lipophilic ion-
exchanger and a chemical receptor molecule (ionophore) known
from electrochemical and optical ion sensors. The ion of interest
will spontaneously ion-exchange with the counter ion initially

present in the particle core. This extraction is driven by the
lipophilicity difference between the two ions and the ion-receptor
binding energy. For a sufficient molar excess of receptor, the
binding capacity is dictated by the ion-exchanger concentration,
and a fixed complex stoichiometry is no longer required. The
receptors do not need to be water soluble and therefore do not
require protonatable groups.

Fig. 2 demonstrates the titration of two different water
samples using calcium-selective colloidal suspensions doped
with cation-exchanger and a calcium-selective receptor. The
titration was performed without pH control (titration with
EDTA requires pH 10), detecting pCa with a calcium-selective
electrode. The observed concentrations (5.2 ± 0.1 mM for
Swiss Alpina and 2.1 ± 0.1 mM for Evian) agree quantitatively
with the expected calcium levels (5.2 mM and 2.0 mM). The
nanosphere suspensions are clear to the eye, simple to fabricate,
and have been found stable for a number of weeks. Doping with
different reagents will allow one to obtain binding affinities and
selectivities that have been very difficult to achieve so far with
traditional homogeneous reagents.

In conclusion, nanoscale titration reagents that work
on the basis of extraction and complexation equilibria
may overcome numerous limits imposed by water-soluble
chelators that work in homogeneous phase.

Received: October 15, 2014
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Fig. 1. Ion-selective nanospheres as complexing agent and structures
of the compounds used in this work.

Fig. 2. Titration of Ca2+ in diluted mineral water Evian® and Swiss
Alpina®, detection by calcium-sensitive electrode.
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A Fast and Reliable in vitro Method for Screening of
Exhaust Emission Toxicity in Lung Cells

Christoph Bisiga, Sandro Steinera, Jan Czerwinskib,
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Pollution by vehicles is a major problem for the environment
due to the various components in the exhaust gases, i.e. gaseous
and non-gaseous compounds such as particulate matter.
Epidemiological studies demonstrate the profound impact of
vehicle emissions upon human health.[1] Such studies, however,
cannot attribute an adverse effect to a certain exhaust component,
which renders decision-making difficult when defining which
emission sources should be regulated more stringently.

Reduction in emission of certain exhaust constituents and
increased engine efficiency can be measured by technical means
(see the Analytical Highlight of Heeb et al. in the next issue of
CHIMIA).Standardizedprotocols for exhaust toxicityassessment
are lacking and rely in many aspects on epidemiological and in
vivo studies. Reasonable alternatives are in vitro studies using

highly standardized cell cultures such as a 3D model of the
human airway epithelium composed of epithelial cells and two
types of immune cells, i.e.macrophages and dendritic cells. They
can be used in combination with an exhaust system for exposure
of lung cells to complete engine exhaust. The emission samples
of an engine of choice can be taken directly at the exhaust and
brought onto the lung cell surface with exhaust characterisation
being performed on-line.

The system was established for scooter exhaust and has also
been adapted for diesel cars.[2] It yields reproducible results,
provides the needed sensitivity for detecting differences in
biological responses, and allows for differentiation between
effects induced either by gaseous or by particulate components
of the complete exhaust.[3]

This advanced exposure system is well suited for risk
assessment of exhaust emissions as well as for investigations
on how engine type, exhaust after-treatment technologies,
fuel additives, and fuel types affect acute exhaust toxicity.
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Overview of the exposure system with the engine on the chassis
dynamometer, the measuring units and the exposure box.

Exposure of lung cell cultures with the exhaust emissions. A) Schematic
drawing of the 3D cellular model of the human airway epithelium
composed of epithelial cells, macrophages and dendritic cells. The cells
as well as the cell culture medium can be sampled to assess various
cell responses. B) Laser scanning micrograph (xz-projection) of the
epithelial cells grown on a porous filter insert. F-actin is shown in violet,
the cell nuclei in light blue.
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Benefit-Risk Assessment of Diesel Particle Filters
(DPFs): An Analytical and a Toxicological Challenge
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Filter or no filter is not the question anymore, except per-
haps in the Swiss parliament which voted against a retrofit pro-
gram for heavy duty vehicles in May 2014. In R&D, one asks if
catalyzed or non-catalyzed filters are the best available technol-
ogy for detoxification of diesel exhaust. Assessing the impact
of filters on exhaust composition and toxicity is challenging for
analytical chemists and toxicologists (see the Highlight of Bisig
et al., Chimia 2015, 69, 68).Are toxic compounds reactive spe-
cies triggering oxidative stress and inflammation, are they geno-
toxic inducing cancer or do they provoke other cell responses?

The endeavor ‘NEAT’ (Neue Alpentransversale, the new
transalpine rail link) triggered various activities, among them the
VERTproject (VerminderungderEmissionenvonRealmaschinen
imTunnelbau) – a joint effort from SUVA, BAFU, filter and cata-
lyst manufacturers, TTM, and EMPA – to evaluate suitable filter
technology for construction machinery to fulfill air quality stan-
dards in these long tunnels (Fig. 1).

By now all con-
struction machinery
in Switzerland has to
be equipped with ef-
ficient filters fulfill-
ing the VERT stan-
dards (efficiencies
>98%). Approved
filters must convert
genotoxic com-
pounds such as poly-
cyclic aromatic hy-
drocarbons (PAHs)
but must not support
a de novo formation
of other pollutants
such as nitro-PAHs
and polychlorinated
dibenzodioxins/fu-
rans (PCDD/Fs).Fig.
2 displays sampling

filters, exposed to 7
m3 exhaust (3 min
operation) of a heavy
duty engine (6.1 L).
A VERT-approved
diesel particle filter
was used in one case.
The other sample
represents untreated
heavy duty vehicle
exhaust (94% of the
Swiss HDV fleet).

Obviously, par-
ticles are removed with filters, but semi-volatile compounds in-
cluding genotoxic PAHs and nitro-PAHs are not necessarily con-
verted.An assessment of filters, now described in the Swiss Norm
277206, also includes an evaluation of genotoxic compounds.
EMPA has contributed congener-specific PAH, nitro-PAH and
PCDD/F analyses for >40 diesel particle filters with GC-HRMS.

Fig. 3 compares pyrene and 1-nitro pyrene penetration of
filters with high, low
and no oxidation
potential. Catalyzed
filters convert py-
rene (75–97%). The
non-catalyzed filter
stored pyrene when
new, but released it
when soot-loaded.
Such storage-release
phenomena may oc-
cur when changing
from cold to hot con-
ditions (e.g. urban

vs. highway driving). Emissions of 1-nitropyrene even increased
for the non-catalyzed filter.A secondary formation of nitro-PAHs
affects the exhaust genotoxicity. We conclude that filtration
per se is not sufficient to lower genotoxicity. Genotoxic com-
pounds must be combusted in filters with efficient catalysts.

Received: December 23, 2015

References
N.V. Heeb, P. Schmid, M. Kohler, E. Gujer, M. Zennegg, D.Wenger, A.Wichser,
A. Ulrich, U. Gfeller, P. Honegger, K. Zeyer, L. Emmenegger, J. L. Petermann,
J. Czerwinski, T. Mosimann, M. Kasper, A. Mayer, Environ. Sci. Technol. 2008,
42, 3773.
N. V. Heeb, P. Schmid, M. Kohler, E. Gujer, M. Zennegg, D. Wenger, A.
Wichser, A. Ulrich, U. R. S. Gfeller, P. Honegger, K. Zeyer, L. Emmenegger, J.
L. Petermann, J. Czerwinski, T. Mosimann, M. Kasper, A. Mayer, Environ. Sci.
Technol. 2010, 44, 1078
N. V. Heeb, M. Zennegg, R. Haag, A. Wichser, P. Schmid, C. Seiler, A. Ulrich, P.
Honegger, K. Zeyer, L. Emmenegger, P. Bonsack,Y. Zimmerli, J. Czerwinski, M.
Kasper, A. Mayer, Environ. Sci. Technol. 2013, 47, 6510.

Fig. 1. Construction machinery in Switzerland
has to be equipped with filters since 2009,
but most trucks on roads are not.

Fig. 2. Glass sampling devices exposed to
7 m3 exhausts of a heavy duty engine (3 min
operation) with and without filter.

Fig. 3. Pyrene and 1-nitro pyrene penetration
of filters with high, low and no oxidation
potential (new and soot loaded) are
compared.
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Occurrence of Natural Hepatotoxins in Herbal Teas 
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Pyrrolizidine alkaloids (PAs) are a large class of secondary 
metabolites naturally occurring in many botanicals worldwide. 
PAs that contain a 1,2-unsaturated necine base and are esterified on 
the hydroxymethyl group at C(1) and/or C(7) cause hepatotoxicity. 
Thus, consumption of PA-contaminated food or beverages 
may lead to acute or chronic hepatic veno-occlusive disease. 
Herbal-derived food products are probably the major source of 
exposure but data are still very scarce. Following several cases of 
intoxications and toxicological studies, risk assessment agencies 
have proposed various limits for maximal daily PA intake. Up to 
now, legal limits for PAs in food exist neither within the EU nor 
in Switzerland. The generally accepted benchmark dose for an 
adult corresponds to about 0.42 µg of unsaturated PAs per day. 
In our study dealing with 70 teas and herbal teas, 24 beverages 
were found to contain PAs >LOQ: 0.02 µg/cup (200 mL). The 
identity of the natural toxins was confirmed by high-resolution 
MS. Quantification of the nine 1,2-unsaturated PAs varied from 
0.02 to up to 0.95 µg. Analysis were conducted with a validated 
UHPLC-MS/MS method implementing sub 2-µm core-shell 
particles. Results indicated that the sum of screened PAs was 
higher than the recommended maximum dose in 10 samples. All 
rooibos samples were positive suggesting that small amounts of 
PAs are occurring naturally. In the other contaminated samples, 
the presence of PAs is possibly due to cross-contamination with 
PAs-containing botanicals during harvesting, storage and/or 
transport. 

Results of this survey show that the long-term consumption 
of highly contaminated herbal tea exposes consumers, and 
particularly pregnant women and infants, above the reference 
level of possible health impairment. Consequently, the herbal 
infusion industry is urged to monitor contamination levels and 
to find solutions to secure an acceptable margin of exposure.
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Samples of selected teas and herbal teas from the Swiss market.
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Gamma Ray Spectrometry of Sewer Sludge –
A Useful Tool for the Identification of Emission
Sources in a City
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Sewer sludge

Sewer sludge stands for the biofilm, which forms between
the wastewater and concrete in a sewage water system. It
consists of bacteria, algae and fungi and has powerful adsorbent
properties for many chemicals and is therefore the remainder or
‘memory’ of the past load of wastewater running through. The
analysis of sewer sludge can provide reference to and can lead
to the identification of point sources, such as emissions of heavy
metals, organochlorine compounds or radionuclides.

Hospitals are amain source of radiopharmaceutical emissions.
Short-lived radionuclides, such as iodine-131, lutetium-177
or technetium-99M, are used in high doses for the diagnosis
and treatment of thyroid cancers or neuroendocrine tumours
(DOTATOC therapies). After such treatments, patients show
high doses of the incorporated radionuclides accompanied by
high amounts of radiation in the form of beta and gamma rays.
Therefore faeces, urine and all other waste products have to be
collected in special wastewater containment units at hospitals and
are left to cool down. Due to their short half-lives (technetium-
99m: 6.0 hours, iodine-131: 8.0 days, lutetium-177: 6.7 days) the
collected waste water can only be discharged into the wastewater
system after a number of weeks when its activity is below a
certain contamination limit.

Sewer sludge was collected in the wastewater system above
and below the discharge point of the radioactive wastewater of a
hospital.Thesludgewas transferred toacalibratedgeometry (Petri
dish of 12 mm height and 60 mm diameter) and then counted on
a gamma ray spectrometer (high-resolution germanium detector)
for 24 hours.

Sewer sludge and the runningwastewater collected at the same
place and time did not provide the same results.A random sample
only shows the momentary load of the wastewater, whereas the
sewer sludge offers an overview of short-lived radionuclides
from the past few days.

Gamma ray analysis of the sewer sludge of a wastewater
system can be a powerful instrument for the identification

of gamma emitters. Due to the adsorptive
properties of the sewer sludge, emissions of
short-lived radionuclides can be detected even
after a few days.
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What are the Sources of Aerosols during Haze Events
in China?
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Radiocarbon · Source apportionment

Air-borne aerosols have an influence on human health and the
global climate.Veryhigh concentrations of particulatematterwith
a diameter <2.5 µm (PM

2.5
) are frequently observed in Central

and East Asia during winter. In China, such haze episodes often
result in exceedances of the Chinese pollution standard for PM

2.5
of 75 µg m–3 by up to a factor of 10, which cause poor visibility
and air quality and increase in respiratory diseases. To define
strategies to reduce PM

2.5
concentrations, the factors governing

its abundance and composition have to be elucidated.
During severe pollution episodes in January 2013, aerosols

were collected on quartz filters in four major cities of China, i.e.
Beijing, Xi’an, Shanghai and Guangzhou. Here, we show results
from Beijing as one example. For a unique chemical analysis,
several chromatographic and mass spectrometric techniques
were combined. The two most important methods were a newly
developed offline application of aerosol mass spectrometry,
which identifies major aerosol components and their general
emission processes, and measurement of the radioactive carbon
isotope 14C (radiocarbon) with accelerator mass spectrometry,
which allows the distinction of emissions from fossil sources

(mainly traffic and coal burning) and non-fossil sources (mainly
biomass burning and natural aerosol emissions).

All measurement data were evaluated using several statistical
models and interpreted in twodifferentwaysdue to the complexity
of theatmosphericprocesses.First, thecombinationofallmethods
allowed quantification of the inorganic and organic composition
as well as the contribution of seven main sources of aerosol
emission or formation. Second, emphasis was laid upon a detailed
source apportionment of the organic aerosol using radiocarbon
analysis as the key method for a deeper understanding of the role
of fossil-fuel usage and biomass burning for the bad air quality.

Both approaches showed that haze events in China are
driven to a large extent by so-called secondary aerosols,
which were formed in the atmosphere by oxidation of gaseous
precursors, rather than by direct aerosol emissions. This
suggests that the reduction of precursor gases from fossil-fuel
combustion andbiomass burning,which formsecondary aerosols,
is as important as the decrease of direct aerosol emissions for air
quality improvement in China.
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Beijing (here at Tiananmen Square) is one of the Chinese cities with
severe air quality problems during haze events in winter. Photo by Paul
Scherrer Institute.

Chemical composition and source apportionment of fine aerosols at
Beijing during the high pollution event in January 2013. OM and EC
define organic matter and elemental carbon, respectively. Modified from
Huang et al., Nature 2014, 514, 218.
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Mass Spectrometric Proteome Analysis of Small 
Three-Dimensional Microtissues Allows for the 
Quantitative Description of Toxic Effects of Drugs 
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In vitro tissue models are essential for safety testing of novel 
candidate molecules developed in the pharmaceutical, cosmetic, 
and chemical industries. Recently, 3D cellular tissue models have 
been established for improved testing of chronic exposure toxicity, 
featuring longer lifespans and greater stability compared to 2D 
monolayer cultures. Besides, their 3D architecture displays more 
organ-like function than conventional monolayer cell cultures 
and are often referred to as spheroids, due to their spherical shape. 

In the context of a European research project aiming at 
developing integrative in silico tools for predicting human liver 
and heart toxicity after drug administration, corresponding 
spheroid tissues are challenged with prototypical hepato- or 

cardiotoxicants to reveal the biomolecules, such as proteins, 
involved in the toxic phenotype. 

Thanks to the rapid development of robust and sensitive 
mass spectrometers together with computational tools, mass 
spectrometry-based proteomics has become a powerful analytical 
approach to study large numbers of proteins up to rather complete 
proteomes isolated from living cells and organs. Using a latest 
generation proteomics approach, our analyses were carried 
out by digesting the protein extracts by trypsin, separation 
of the resulting peptides by hydrophilic interaction liquid 
chromatography, and finally mass spectrometric analysis using 
a Thermo Orbitrap Fusion system. In the mass spectrometer, the 
peptides are fragmented by collision with a neutral gas and the 
resulting precursor and fragment-ion spectra are analyzed. Using 
this method, 3000 proteins can be identified and quantified from 
as little as the protein equivalent of 1000 cells per measurement. 
Combining the data from multiple treated spheroids allows to 
quantitatively map out more than 5000 proteins of the spheroid 
proteome.

Currently ongoing work focuses on the in-depth analysis 
of the drug dosage effects on proteomes from drug-exposed 
liver and cardiac spheroids revealing their drug-specific toxic 
responses. The generated data illustrates that with new 
spheroid fabrication techniques together with sensitive 
and accurate MS-based technologies and sophisticated 
bioinformatics methods, the comprehensive analysis of drug 
mechanisms and toxicity is feasible at the proteome scale and 
can be applied to various types of 3D tissue model systems in 
the future.

Received: April 21, 2015

Reference
Hecatos (Hepatic and Cardiac Toxicity Systems Modeling), Framework 
Programme (HEALTH-F4-2013-602156).

A

B

C

D

3D human m�������u�

Highly sensitive analytical workflow for the proteomics analysis of drug-
treated human spheroids. A: Treatment of liver and cardiac spheroids 
with prototypical hepato- or cardiotoxicants. B: Protein extraction from 
drug-treated human spheroids and preparation for proteomics analysis. 
C: Mass spectrometric analysis of digested proteins for proteome 
identification and quantitation. D: Protein network analysis.

Carbohydrate
Metabolism

Amino Acid
MetabolimLipid

Metabolism
Energy

Metabolism

Nucleo�de
Metabolism

Metabolism of
other amino

acids

Biosynthesis
of other
Secondary
Metabolites

Metabolic protein pathways identified by MS-based proteomics in liver 
spheroids (http://pathways.embl.de/iTuby/).



Columns CHIMIA 2015, 69, No. 9 547
doi:10.2533/chimia.2015.547

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Can you show us your analytical highlight?
Please contact:
Dr. Veronika R. Meyer, Unterstrasse 58, CH-9000 St.Gallen
Tel.: +41 71 222 16 81, E-mail: VRMeyer@bluewin.ch

Using Multiple Geochemical Techniques to
Investigate Rainfall as a Potential Source of Selenium
to Soils
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The trace element selenium (Se) is a micronutrient required
by humans for important biological functions. Despite its impor-
tance for human health, the sources and processes that control the
large-scale spatial distribution of Se in the environment remain
unclear. Similar patterns of rainfall and soil Se concentrations,
e.g. in Southern China, suggest that rainfall may be an important
source of Se to soils.

With the goal of exploring rainfall as a source of Se to soils,
we examined climatic and geochemical variables in a sediment
sequence from the Loess Plateau of Central China. We used
multiple analytical methods to investigate Se concentrations and
speciation, which is a main factor controlling environmental Se
mobility.

Speciation of Se could not be directlymeasured due to the low
concentrations (< 70 mg Se per kg sediment). However by carry-
ing out batch leaching experiments, followed by ion chromatog-
raphy-inductively coupled plasma mass spectrometry analysis,
we could quantify the maximum concentrations of Se species
that could have been removed from these sediments by natural
leaching processes. This amount was low, indicating that these
sediments are a suitable environmental archive. Furthermore,
speciation of iron was analyzed using X-ray absorption spectros-
copy, since different iron minerals can have different binding ca-
pacities for Se, which influences the mobility of Se. Comparisons
between results from geochemical analyses and climate variables

showed that in wetter time periods there was a relationship be-
tween Se and the strength of the monsoon, which was less pro-
nounced in drier time periods.

By combining multiple geochemical techniques we could
identify rainfall as a likely source of Se to soils. This finding is
important in future efforts to predict the distribution of this
vital trace element in soils.
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Laser Ablation ICP-MS for Single-Cell-based Tissue
Imaging
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The cell heterogeneity of tumor tissues drives tumor
pathogenesis andprogressionand is currentlyofparticular interest
in biomedical research.Adapting and combining mass cytometry
workflows with laser ablation techniques brings with it the
opportunity to visualize this tumor cell heterogeneity, and cell-to-
cell interactions in the so-calledmicroenvironment, on the single-
cell level in tissue thin sections. Similar to immunohistochemistry,
tissue sections are treated with distinct rare earth isotope-tagged
antibodies. Subsequently, the tissue is analyzed by scanning
using a high-energy pulsed laser across the surface and transfer
of the so generated aerosol into an inductively coupled plasma
mass spectrometer (ICPMS) for detection of the metal labels.
In addition to a novel ICP-TOFMS, a dedicated laser ablation
system was developed, facilitating high spatial resolution, fast
image acquisition, high sensitivity and multiplexed elemental
analyses. A laser spot size of 1 µm diameter enables recognition
and distinction of features at subcellular resolution. Specific
markerscanbeemployed toenable thedetectionof individualcells

for automated,
software-based
data evaluation.
The imaging mass
c y t o m e t r y
approach allows
labeling of pot-
entially more than
100 different mar-
kers for highly
multiplexed tissue
analyses.

In a pilot
study, 32 different
protein markers
and protein
mod i f i c a t i o n s
couldsuccessfully
be localized in
tissue samples

from 20 patients in an automated and high throughput manner at
a limit of detection of approx. 500 marker molecules per pixel.
The analysis revealed a variety of cancer cell subtypes in groups
of patients, which had been classified as similar using classical
histology schemes.

The laser ablation ICPMS imaging and in combination
with element labels is now routinely used for imaging mass
cytometry studies at the University of Zurich. Of special
interest is the interplay of particular cells, their regulatory
circuits and how processes in the tumor microenvironment
are induced and maintained.

Received: August 21, 2015
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The tumor microenvironment in breast cancer
tissues can be investigated by the combination
of laser ablation imaging and mass cytometry
(artistic design and copyright Nicole Seidel).

Workflow for imaging mass cytometry, based on mass cytometry and
laser ablation ICPMS imaging.
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(A) On a typical tissue microarray each sample has a diameter of about
0.7 mm. (B and C) Mass cytometry images of breast cancer tissue. (B)
Overlay of markers Ki-67 (red), H3 (blue) and HER2 (green). (C) Overlay
of cytokeratin 8/18 (green), H3 (blue), vimentin (red), and CD68 (yellow).
The white size bars indicate 25 µm.

A B C



708 CHIMIA 2015, 69, No. 11 Columns

doi:10.2533/chimia.2015.708

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Multi-Component Trace Gas Spectroscopy Using
Dual-Wavelength Quantum Cascade Lasers
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Simultaneous detection of multiple gas species using mid-
infrared laser spectroscopy is highly desired for numerous ap-
plications ranging from air quality monitoring, medical breath
analysis or drug and explosive detection to industrial process
control. Since it is often impossible to address the high-resolu-
tion spectra of different gases with a single laser, state-of-the-art
multi-wavelength spectrometers have to rely on the use of several
lasers and elaborate beam combining solutions. This makes them
bulky, costly, and highly sensitive to optical alignment.

We explored a new concept for multi-component spectros-
copy based on a Dual-Wavelength QuantumCascade Laser (DW-
QCL). Such a laser can emit at two spectrally well-separated
wavelengths, which share a common waveguide to produce one
output beam. Thereby, it is possible to detect multiple gases with-
out the need for any beam-combining optics.

The active region of the DW-QCL consists of two different
active layers stacked on top of each other, optimized for a broad-
band emission at 1600 cm–1 and 1900 cm–1. These two spectral
windows are ideally suited for the detection of nitrogen oxide
(NO) and nitrogen dioxide (NO

2
). Single-mode emission at the

desired wavelengths is ensured by a succession of two distribut-
ed-feedback (DFB) gratings with different periodicities. Electri-
cal separation of the respective laser sections makes it possible
to address each wavelength independently and integrate the laser
easily in a spectroscopic setup for gas analysis.

The spectrometer reached a precision (1σ) of 0.5 ppb for NO
2

and 1.5 ppb for NO after 100 s of averaging. It was successfully

used for ambient air monitor-
ing at a suburban site of the
Swiss air pollution network
(NABEL), as well as for fast,
10 Hz operation in harsh en-
vironment during automotive
exhaust emission measure-
ments. The latter is an excel-
lent example for the value of
multi-component detection,
because the simultaneous
measurement of both NO and
NO

2
is needed to study and

optimize modern diesel en-
gines, which have nowadays
complex exhaust gas treat-
ment systems, such as selec-
tive catalytic reduction.

This analytical approach
can be applied to the whole
mid-infrared region which
comprises the strongest,
fundamental absorption fea-
tures of molecules. Current

developments aim to combine and optimize the concept to
obtain simple and cost-effective spectrometers for the simul-
taneous measurement of multiple trace gas species.
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Diesel engines are deployed in heavy-duty and passenger cars. Modern
engines include both de-NOx systems and particle filters. This allows
maximum efficiency (i.e. high NOx during combustion) and low tailpipe
emission.
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Schematic drawing of the dual-wavelength laser. The laser is
approximately 200 µm wide and 5 mm long. It emits at 5.26 µm (1900
cm–1) and 6.25 µm (1600 cm–1) as indicated by the two-colored beam.
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Deep UV-LED Based Absorbance Detectors for
Narrow-Bore HPLC and Capillary Electrophoresis
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The most common detection method for the analytical sepa-
ration techniques of HPLC and capillary electrophoresis (CE) is
absorbance measurement in the deep-UV range (below 300 nm)
as a large number of organic species absorb in this wavelength
region. Conventional UV detectors are based on deuterium dis-
charge lamps coupled to a monochromator for wavelength se-
lection. Light-emitting diodes (LEDs) for this wavelength range
have been produced in recent years. They have bandwidths of
typically 30 nm, which makes them well suited for direct ab-
sorbance measurements of molecules without requiring a mono-
chromator. Only UV-photodiodes and a log-ratio amplifier inte-
grated circuit for emulating Lambert-Beer’s law are required to
complete the electronic circuitry.

Narrow-bore HPLC has primarily been developed for use
withmass-spectrometric detection, for which only small amounts
of analytes are sufficient. However, the savings in eluent con-
sumption makes this approach also attractive for use with optical
detection when ultimate sensitivity is not required. In CE narrow
channels are essential to limit the Joule heating associated with
the ionic current along the separation path.

The design of LED-based detectors for these narrow gauge
methods is more challenging than for standard HPLC. Due to the
small available volumes, the construction of dedicated Z-shaped
flow cells is not possible and the measurement has to be made
transverse to the flow path. The narrowness of the necessary ap-
ertures requires careful attention to efficient light coupling and
avoidance of stray light. Highmechanical stability is also required
in order to minimize noise due to mechanical fluctuations. De-
spite these hurdles excellent performance with regard to baseline
noise (low µAU range), reproducibility of peak areas (~1%), and
linearity of calibration curves (correlation coefficients >0.999)
could be obtained with LEDs of the commonly used wavelengths
of 255 and 280 nm for both, narrow-bore HPLC (250 mm ID)
and CE (50 mm ID).

The inexpensive LED-based devices display a capability
comparable to standard commercial detectors. Their com-
pact size and low power requirements make them also suit-
able for portable battery-powered instruments.

Received: September 30, 2015
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The detector cell for capillary electrophoresis.
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Investigating the Relationship between Colour Code,
Odour, and Flavour Analytics in Swiss Tilsit Cheeses
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Swiss Tilsit is a semi-hard cheese manufactured in the eastern
part of Switzerland. Three main types, differing in fat content,
raw material, and ripening time and sold with coloured labels,
are well known: green, red and yellow Swiss Tilsit (Table 1).
Each dairy has its own fabrication recipe, but sensory aspects
also depend on the raw material: Especially cheeses made from
raw/partially thermised milk are known for a more multifaceted
flavour, possibly due to microbial diversity.Volatile sulphur com-
pounds (VSCs) are amongst other chemical compounds reported
as key flavour constituents in various cheeses. Due to low odour
thresholds, they have pronounced sensory properties and can in-
fluence cheese flavour even at low concentrations.

In order to evaluate odorant compounds and their impact in
a (food) sample, gas chromatography (GC) employs the human
nose as an analytical physiological detector (GC-Olfactometry,
GC-O), often in combination with physical detectors such as a
mass spectrometer (MS) or pulsed-flame photometric detection
(PFPD) for specific detection of VSCs.

With the aim to conduct a comparative study between the
odour and VSC
profiles of the
Tilsit varieties,
green, red, and
yellow Swiss
Tilsit cheeses
were analysed
by GC-MS/
PFPD-O on a
two-way-GC-O

system where two odour assessors (‘panellists’) work simultane-
ously on one sample in order to guarantee reliable results and
time gains. VSCs were quantitated by GC-MS/PFPD. Volatile
(odorant) compounds and VSCs were extracted by headspace
solid-phase microextraction (HS-SPME) prior to analysis. Olfac-
tometry data were recorded and processed using an olfactometry
method that combines information on the number of panellists (n
= 8) able to smell a specific odour (‘detection frequency’), odour
intensity, and the vocabulary used by the panellists to describe
the odours they smell during analysis (VIDEO-Sniff: vocabulary-
intensity-duration of elementary odours by sniffing). Results are
displayed in coloured ‘aromagrams’, indicating the main odour
families.

GC-O and VSC profiles show a clear difference between
the Tilsit cheeses. GC-O results revealed that the samples’
odour is mainly influenced by buttery-cheesy and sulphury
odour notes and confirmed that the overall flavour of Tilsit
made from partially thermised milk is more intense and di-
verse than the one of Tilsit made from pasteurised milk.
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Table 1. Description of Swiss Tilsit cheeses (www.tilsiter.ch, 2015)

Green Tilsit Red Tilsit Yellow Tilsit
Thermal
treatment

Pasteurised
milk

Partially ther-
mised milk

Pasteurised milk
with higher fat
content

Fat in dry
matter (FDM)

at least 45%
FDM

at least 45%
FDM

at least 55%
FDM

Approx. fat
content in
100 g

28 g 29.5 g 33 g

Ripening time 30–60 days 70–110 days 30–75 days
Taste
perception

Mild aroma,
slightly sour

Rich, spicy, and
pungent

Creamy, slightly
sour, mild
aroma

Scheme of the two-way GC-olfactometry set-up with mass
spectrometer and pulsed-flame photometric detector PFPD
used at the Agroscope Institute for Food Sciences in Bern.

Aromagrams
of Swiss Tilsit
cheeses (bottom:
yellow Tilsit,
middle: green
Tilsit, top: red
Tilsit) obtained by
GC-Olfactometry
using the VIDEO-
Sniff-method
and AcquiSniff®

software with
eight panellists
and a two-way-
GC-O setup.



208 CHIMIA 2016, 70, No. 3 Columns

doi:10.2533/chimia.2016.208

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Longitudinal Monitoring of Endogenous Blood Ste­
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Testosterone, as the major sex hormone secreted by endocrine
glands, constitutes the key male endogenous anabolic androgenic
steroid. Nowadays, this compound still represents one of themost
widelyuseddopingagentsinstrengthandendurancesports,mainly
due to its anabolic action on skeletal muscles. Quantification
of testosterone and its major precursors and metabolites in an
athlete’s urine samples by GC-MS(/MS) is routinely achieved in
anti-doping laboratories. To detect testosterone abuse in sport,
the most sensitive biomarker is obtained by the glucuronidated
testosterone over epitestosterone (T/E) concentration ratio. The
latter is monitored over time using ‘intra-individual reference
values’ for a more accurate evaluation of abnormal fluctuations
that may indicate steroid misuse. This approach constitutes the
so-called ‘steroidal module’ of the Athlete Biological Passport.

To overcome well-known weaknesses of this ‘urinary steroid
profile’, such as genetic polymorphism (lack of enzyme respons-
ible for testosterone glucuronidation), the monitoring of
biosynthetic and metabolic pathways of testosterone in blood
matrixcouldconstituteacomplementaryapproach.Inthisresearch,
pills and patches of testosterone have therefore been administered
to healthy volunteers and, after serum sample collection, selected
endogenous blood steroid levelsweremonitored byLC-MS(/MS)
with the aim of highlighting relevant biomarkers of exogenous
testosterone abuse in the blood matrix. By applying multivariate
data analysis, testosterone and especially dihydrotestosterone
concentrations in serum were highlighted as significantly
influenced by testosterone administration. Monitoring these
two hormone levels in a longitudinal manner demonstrated that

intra-individual
reference val-
ues were clear-
ly exceeded
f o l l o w i n g
t e s t o s t e r o n e
administration
compared to
negative control
(same person in
the absence of
administration).

Results of this work show how the future implementation
of a longitudinal follow-up of endogenous steroids in
the blood matrix could increase the capabilities of anti-
doping laboratories for detecting exogenous testosterone
administration.
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Acquisition Methods in Mass Spectrometry
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Mass spectrometry combined with liquid chromatography
has become the main analytical platform to characterize proteins
and low-molecular-weight compounds in complex samples. In
proteomics and metabolomics, samples are commonly analyzed
by data-dependent acquisition (DDA) methods. However, the
intensity-based semi-stochastic selection of precursor ions
favors highly abundant analytes while under-sampling the low-
abundance ones. In contrast to this sequential detection, selection,
and analysis of individual ions, alternative data-independent
acquisition (DIA) methods systematically parallelize the
fragmentation of all detectable ions within a wide mass range
regardless of their intensity. The mass spectra recorded by DIA
are a continuous map of multiplexed fragment chromatographic
profiles of all detectable analytes. Therefore, DIA integrates
qualitative and quantitative information, providing broader
dynamic range of detected signals, improved reproducibility
for identification, and better sensitivity and accuracy for
quantification.

Despite these advantages, the concurrent fragmentation
of analytes has the drawback of increasing the likelihood of

interference due to the
overlap of fragment
ions from different
precursors. We
developed two solutions
to tackle this issue
and further expand the
benefits of DIA.

The first solution
comprises a program
called SwathTUNER,
implemented to design
and optimize different
DIA methods using
stepwise isolation
windows (e.g. SWATH).
The benefits of utilizing
acquisition methods
with variable-precursor-

isolation-window widths were demonstrated for the profiling of
proteomic and metabolic samples.

The second solution is the ‘non-outlier fragment ion’ (NOFI)
ranking algorithm. NOFI assigns low priority to fragment
ions affected by interference during DIA acquisition. The
optimal subset of high-priority fragment ions defined by NOFI
effectively excludes interfered fragment ions from quantification.
Improvement for label-free quantification was illustrated on a
well-defined quantitative dataset and on a biologically relevant
cell digest.

DIA methods coupled with adequate software solutions
deliver comprehensive information in a single-shot analysis
to study the full range of small to large molecules and unravel
biological processes.
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Analogy for cross fragment ion
interference. Several waves causing
interference to each other. Photo:
quapan (https://www.flickr.com/photos/
hinkelstone/7001475448), sepia recolor.
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Tracking New Halogenated Alkenes in the
Atmosphere
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Many halogenated trace gases in the atmosphere are potent
stratospheric ozone-depleting substances and greenhouse gases.
For many of them, international regulations on their usage and
emissions are in place such as the Montreal and Kyoto Protocols.
Consequently, over the last decades some compound classes
were phased out from usage while others were newly introduced.

At Jungfraujoch we started world-wide first measurements
of newly-produced halogenated alkenes (also referred to as
hydrofluoroolefins, HFOs), a subgroup of the hydrofluoro-
carbons (HFCs). These compounds were recently marketed for
replacing currently-used HFCs in refrigeration, foam blowing,
and as solvents. In comparison to currently-used HFCs,
halogenated alkenes have shorter atmospheric lifetimes (days vs
years) and lower Global Warming Potentials (GWP

100
, <10 vs

100s to 1’000s).
We measure HFC-1234yf (2,3,3,3-tetrafluoroprop-1-ene),

HFC-1234ze(E) (E-1,3,3,3-tetrafluoroprop-1-ene), and HCFC-
1233zd(E) (E-1-chloro-3,3,3-trifluoroprop-1-ene) along with
~50 other halogenated trace gases using gas chromatography
coupledwith quadrupolemass spectrometry (GC-MS) in selected
ion mode. Every two hours, a fully-automated ambient air
measurement is conducted and bracketed by similar calibration
measurements using whole air working standards, which are
linked to absolute calibration standards. Two liters of sample
are preconcentrated on cold traps held at –150° C. The traps
are subsequently heated to 100° C to release the compounds of
interest into the GC-MS.

An example is the highly-debated replacement of HFC-134a
(1,1,1,2-tetra-
f luoroethane)
by HFC-1234yf
as refrigerant
in mobile air
conditioners.We
have captured
the phase-in of
H FC - 1 2 3 4 y f
usage within
the air-mass
footprint at
Jungfraujoch,
which covers
large parts of

Europe. At the same time we track the phase-out of the oldest
generation refrigerant CFC-12 (dichlorodifluoromethane) and
we monitor the currently used HFC-134a in the atmosphere.

A widespread use of HFC-1234yf and other halogenated
alkenes may be expected in the near future. While the short
atmospheric lifetimes of these halogenated alkenes are favorable
from a climate perspective, little is currently known about the fate
of the decay products of these compounds.

Continuous atmospheric monitoring of halogenated
alkenes is necessary to estimate regional emissions and
distribution patterns of these compounds and their decay
products in the atmosphere.
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Time series at Jungfraujoch of three generation refrigerants used in
mobile air conditioning. HFC-1234yf (2,3,3,3-tetrafluoroprop-1-ene), a
newly marketed compound, is still undetectable (<0.003 picomol/mol)
in most air samples arriving at the site.
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Up to now automation of laboratory workflows has rarely
included preparation of NMR samples. Therefore we developed
RASPP (RocheAutomated Sample Preparation Platform), a sys-
tem which prepares three analytical samples (NMR, GC-MS,
LC-MS) from one delivery sample (Fig. 1).

A setup of third-party components and in-house developed
elements, running on a SiLA-conform scheduling software
(Standardization in Lab Automation), allows all steps and chal-
lenges of this process to be addressed and to prepare several sam-
ples in parallel for optimal time efficiency.

In a first step the sample is identified by its barcode, which
connects to the electronic lab notebook (ELN) and to the AWM
(Analytical Workflow Manager, Waters®) LIMS system (Fig. 2).
In parallel, weighing indicates if the sample comes with (enough)
solvent. This allows samples to be processed that are already dis-
solved, for example those needing solvents other than CDCl

3
or

d
6
-DMSO, as they are not provided by RASPP. According to the

information extracted, deuterated solvent is then added up to a
fixed volume. d

6
-DMSO is dispensed under N

2
flow, since the

following high-impact ultrasound treatment which facilitates the
dissolution otherwise leads to line-broadening in the NMR spec-
tra. A potential cause is the formation of oxygen radicals and
subsequent degradation of DMSO.[1,2]

Photo documentation of the dissolved sample takes place
before the solution is distributed to NMR tubes and GC-/LC-
MS vials – the LC-MS samples being diluted with MeCN/H

2
O.

Noteworthy is that the (de)cappers for those vials were developed
in-house and an NMR tube capper is unprecedented (Fig. 3).

A printer labels the prepared samples with their unique LIMS
number as they are distributed to respective autosampler racks.
This ensures reliable tracking of samples at all times. In the end
a CSV (comma-separated values) file is created and (via pipeline
pilot script) translated directly into spectrometer work-lists.

Key to the success of this system is the efficient integration of
the information flow, providing all information needed for set-up
and interpretation of spectra from the ELN of the sample provider
to the instrument software and to the LIMS system, in which sub-
missions and finally the results are filed. RASPP has replaced
labor-intensive and error-prone manual sample preparation
by a reliable and fully documented process.
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Fig. 1. Birds-eye view of RASPP.

Fig. 2. Barcode reading, weighing, and photo documentation.

Fig. 3. In-house developed (de)cappers for vials and NMR tubes.



554 CHIMIA 2016, 70, No. 7/8 Columns

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

doi:10.2533/chimia.2016.554 Chimia 70 (2016) 554 © Swiss Chemical Society

Assessing Cannabis Consumption Frequency: Is the
Quantification of Free and Glucuronidated THCCOOH
in Blood the Key?
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Knowledge of the consumption behavior of cannabis
consumers is important in many forensic and clinical
circumstances, for example for deciding on medical treatment
or administrative and legal consequences, such as suspension of
the driver’s license. The concentration of the cannabis metabolite
11-nor-9-carboxy-∆9-tetrahydrocannabinol (THCCOOH) serves
as a diagnostic marker to distinguish between occasional and
frequent smokers. In Switzerland, a THCCOOH blood level of
40 µg/L is currently used by forensic experts as decision limit
for regular consumption. However, this threshold concentration
was found to be correlated with a low sensitivity. Therefore, an
additional and/or enhanced indicator of cannabis consumption
frequency would be beneficial. Since THCCOOH in blood is
extensively glucuronidated, we assume that the blood level of
THCCOOH-glucuronide could serve as an additional parameter
for assessing the frequency of cannabis use. To verify this
assumption, we have developed a column-switching LC-MS/
MS method for the simultaneous quantification of free and
glucuronidated THCCOOH in whole blood.

The use of a trapping column for on-line sample enrichment
and purification and an analytical column for separation and
detection allows us to prepare blood samples by a simple
protein precipitation step without sample preconcentration by
evaporation and reconstitution. Employing two columns, each

containing a different stationary phase, provides the needed
selectivity to obtain excellent separation of the two analytes
within a total run time of only 4.5 min. Detection of the analytes
is accomplished by electrospray ionization in positive ion mode
and selected reaction monitoring using a triple-stage quadrupole
mass spectrometer.

This method was used to analyze blood samples from a
controlled cannabis administration study and therefore provided
the required pharmacokinetic data for investigating the suitability
of free and glucuronidated THCCOOH as indicators of cannabis
consumption frequency.

Column-switching chromatography combined with
tandem mass spectrometry allows for simultaneous and
ultra-rapid quantification of THCCOOH and THCCOOH-
glucuronide in whole blood, requiring only minimal sample
pre-treatment, and offers new possibilities for assessing
cannabis consumption behavior.

Received: May 13, 2016
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11-nor-9-carboxy-∆9-tetrahydrocannabinol (THCCOOH) and its
glucuronide conjugate are metabolites of ∆9-tetrahydrocannabinol
(THC), the major psychoactive component of cannabis. Their
quantification in whole blood is of interest for interpreting cannabis
consumption behavior.

Chromatogram of an authentic whole blood specimen from a cannabis
consumer (THCCOOH, 97.6 µg/L; THCCOOH-glucuronide, 296 µg/L).
The purple peak at 2.16 min corresponds to the THCCOOH fragment
originating from in-source decay of the glucuronide.
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To overcome the fact that they cannot move, plants have de-
veloped over years of evolution a chemical arsenal that enables
them to communicate with each other and to defend themselves
against external insult, such as pests. Such compounds are re-
leased to the ambient air and eventually reach their target (e.g.
other plant, insect, etc.). Elucidating the underlying mechanisms
of plant communication and defense is crucial, for example, to
improve crop production. In order to do so, one needs to elucidate
the metabolites released by plants upon certain stimuli.

The traditional way to do so is to sample the air surround-
ing the plant and analyzing the gaseous compounds by gas chro-
matography-mass spectrometry (GC-MS). GC-MS has been the
workhorse for decades to decipher plants’ volatile communica-
tions. However, the fact that GC-MS requires sample collection
and further manipulation limits the opportunities to capture the

highly dynamic processes in their full extent. Complementary
to GC-MS, secondary electrospray ionization-mass spectrometry
(SESI-MS) enables the analysis of gases in real time, down to
parts-per-trillion (ppt) and without sample preparation. We have
recently deployed SESI-MS to investigate the emissions of a Be-
gonia semperflorens during three entire days, before as well as
after mechanically damaging the leaves. As a result, hundreds of
species could be tracked with an unparalleled time resolution of 2
min. Diurnal and nocturnal compounds can be clearly identified,
as well as chemicals emitted upon piercing the leaves, mimicking
insect attack.

The capability of SESI-MS to capture highly dynamic
emissions of chemical species and its wide analyte coverage
makes it an attractive tool to complement GC-MS in plant
studies. SESI-MS provides valuable complementary real-
time chemical information of plants metabolism without any
sample manipulation.
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Begonia semperflorens within the container used to study its chemical
emissions. During daylight it produces caryophyllene, among hundreds
of other molecules.
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Recombinant Proteins Using Fluorescence
Polarization
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Biotechnology enables the production and commercialization
of recombinant proteins for diagnostic, therapeutic and research
applications. For instance, monoclonal antibodies nowadays rep-
resent a fast growing market that accounts for almost half of the
biopharmaceutical compounds business with $75 billion turn-
over in 2013.

Quantification of proteins is an important task in order to op-
timize cell culture conditions and ensure that every step of the
production process is in line with the specifications. For thera-
peutics, precise and reliable dosage is mandatory to avoid adverse
effects for the patients. Current analytical techniques such as
ELISA or HPLC are time-consuming and often require purifica-
tion prior to analysis. In this context, there is a strong demand for

a technology that would be to protein quantification what a bal-
ance is to weight measurement: rapid, precise, accurate, robust,
and straightforward.

To this effect, we have developed an assay for the rapid
quantification of recombinant proteins. It is based on fluorescence
polarization and requires little or no pretreatment of samples.

The technique makes use of the relationship between the size
of a fluorescent molecule and the degree of polarization of its
fluorescence when excited using polarized excitation light. Two
small fluorescent ligands were designed and synthetized that
specifically bind onto two particularly important recombinant
protein classes, antibodies and His-tagged proteins. When these
small ligands bound to their large recombinant target protein, a
concomitant increase in fluorescence polarization anisotropywas
recorded and enabled quantification. The assay did not require
prior purification: For antibodies it was performed directly in the
culture medium, while for His-tagged proteins it was done after
the lysis of the bacterial cells. The measurement only required
mixing of the specific ligand with typically 100 µL of cell
culture in 96-well format, and enabled the concentration in target
protein to be assessed within less than 15 min using fluorescence
readers. Production of prototypical recombinant proteins could
be monitored by regular sampling of the culture medium.

Rapid quantification using fluorescence polarization
could be a key tool in the future for the efficient optimization
and monitoring of bioprocesses.

Received: July 27, 2016
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Fluorescence anisotropy of a small specific fluorescent ligand increased
upon binding to its recombinant target protein, e.g. a monoclonal
antibody, enabling quantification. The assay did not require prior
separation of biotechnological cultures making it as straightforward as
weighing using a balance.

Monitoring of the production of a representative His-tagged protein
during E.coli fermentation was obtained by regular sampling and
assaying using the fluorescence polarization assay.
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Fast Survey of Radiostrontium after an Emergency
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Radiostrontium (mainly 90Sr) is one of the radionuclides that
is emitted when nuclear fission gets out of control. The main
source is from bomb fallout. Radiostrontium was released to the
environment from 1945 to 1970, when over 600 bombs were
tested in the atmosphere. Nuclear accidents, such as the nuclear
power plants of Chernobyl or Fukushima-Daiji, are another
source of this artificial radionuclide. 90Sr has a half-life of 30
years and is known as a bone seeker. Therefore, it is important to
obtain 90Sr-data within a short time after an emergency incident.
The focus is then on analyzing the drinking water.

We extract the 90Sr directly from the water sample with an
organic solvent. It contains the crown ether dicyclohexano-
18-crown-6 as an extracting agent and didodecylnaphthalene
sulfonic acid as a scintillator. It is commercially available
as STRONEX. 8 mL of this extracting solvent are sufficient
to extract more than 70% of radiostrontiumfrom a 1L water
sample. Interfering β-nuclides (such as 140Ba) are eliminated by
a scavenge with barium chromate prior to the extraction. Three
hours after sampling, the first 90Sr results are available. Twenty
samples can be analyzed within 24 hours when using one liquid

scintillation counter.With this method, it is possible to detect 90Sr
at a level of 0.1 Bq/L and higher. The working range is linear up
to over 1’000 Bq/L.

Analysis of 90Sr in drinking water by liquid/liquid
extraction and β-spectrometry is fast and sensitive enough
for emergency analyses. It is a reliable tool for the fast survey
of drinking water after an emergency.
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Nuclear power plant Fukushima-Daiji after the accident (photo TEPCO)

Microseparator system for the separation of
the upper STRONEX phase from the water
sample (yellow). The STRONEX is drained
with the valve to the right.
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Trace metals can naturally occur in soils or become enriched
by anthropogenic activities. These compounds can be transferred
toplants andgroundor surfacewaters and therefore reachhumans.
However, only measuring total concentrations is not sufficient
to assess and control exposure pathways of trace metals. New
analytical tools such as speciation and heavy stable isotope ratios
are also essential. Indeed, identification of sources and tracing of
pollutants using isotopes are important for legal reasons and also
to understand their fate while identification and quantification
of the different forms of trace elements are necessary since they
possess different toxicity and mobility.

As one examplewe investigated the role ofmineral-phosphate
fertilizers for uranium concentrations and isotope ratios in
agricultural soils by ICP-MS analysis.We could show that arable
sites and surface soils of arable sites show significantly higher
concentrations than grasslands and subsoils. Finally, a correlation
of mobile (NaHCO

3
extractable) uranium with the 234U/238U

activity ratio (AR; fertilizer-derived U has an AR ≈ 1–1.05)
implies that fertilizers significantly add to mobile uranium.

We also analysed the speciation of mercury (Hg) in a
contaminated agricultural floodplain inValais, by couplingHPLC
to ICP-MS. We developed and validated a new method to easily
screen soils, biota and sediments for methylmercury (MeHg)

concen t r a t i on s
above 1 µg/kg.
We found that
in our studied
area, MeHg
concentrations in
soils vary between
<LOD and 8 µg/
kg. We could also
show that these
concen t r a t i on s
can be multiplied
by a factor of 5
when agricultural
sites are flooded
in the presence
of organic matter
(cow dung).

Deve l op i n g
new analytical
techniques to
measure heavy stable isotope ratios or to quantify the
different species of trace metals present in the environment
is essential to understand, ultimately prevent, and limit trace
metal pollution in the environment.
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Sampling of arable soil for U isotope analysis.
Concentration of methylmercury (MeHg) in soils before and after an
11-day incubation under flooded conditions.

Relationship between the mobile U fraction and
the U activity ratio in arable soils.
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Nitrous oxide (N
2
O) is an important greenhouse gas and

a dominant contributor to stratospheric ozone destruction.
Anthropogenic N

2
O emissions arise from a range of activities,

in particular, agriculture, fertilizer use, wastewater treatment,
and energy production. The variability and partitioning of N

2
O

emissions between different source types is poorly understood,
making it difficult to develop policies to efficiently reduce
emissions.

Isotopic composition of N
2
O is a tracer to distinguish between

different emissionprocesses andpathways, aswell as constraining
the stratospheric N

2
O sink. N

2
O is a linear molecule with four

different ‘isotopocules’: 14N14N16O (99%), 14N15N16O (α, 0.4%),
15N14N16O (β, 0.4%) and 14N14N18O (0.2%). N

2
O(α) and N

2
O(β)

differ only in the position of the 15N atom, and the difference
in their abundance – known as site preference (SP) – can be a
particularly powerful indicator for different N

2
O production

mechanisms.
We developed a quantum cascade laser absorption spectro­

scopy (QCLAS)­based technique for N
2
O isotope measurements.

QCLAS is inherently selective due to differences in fundamental
rovibrational bands, even for molecules with the same mass. This
technique thereby surpasses isotope ratio mass spectrometry,
which does not allow for direct measurement of site­specific 15N
isotopic composition.[1] QCLAS allows real­time measurement
and can be coupled to preconcentration for field­deployable
monitoring of ambient air.

We appliedQCLAS tomeasureN
2
O isotopic composition in a

number of studies, e.g., to identifyN
2
Oproduction pathways from

a pilot­scale partial nitritation­anammox wastewater treatment
system.[2] If N

2
O production from these systems is minimized,

wastewater treatment can be carbon­neutral. Since April 2014,

we have been measuring N
2
O isotopic composition at the high

alpine site Jungfraujoch using QCLAS with preconcentration.
The results show unexpectedly strong seasonal variability in site
preference at this remote site, which is not captured by current
models.Within an ongoing project, we plan to confirm this intra­
annual variability by continuing the measurements.

QCLAS offers the potential for high-precision analysis of
N2O isotopic composition in a wide range of applications, to
trace emission and consumption pathways.
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A Powerful Tool to Better Understand
Cement Hydration

Francesco Caruso*, Sara Mantellato, Marta Palacios, and
Robert J. Flatt*
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CH-8093 Zurich, E-mail: francesco.caruso@iakh.uio.no, flattr@ethz.ch

Keywords: Cement · Chemical admixtures · ICP-OES

Concrete is the most widely used material in the world,
after water, and is essential in the current society in terms of
infrastructureandhousing.Cement is themainbindingcomponent
of concrete and its production represents more than 4 billion
tons per year. In presence of water, cement hardens, conferring
to concrete its excellent mechanical properties. Furthermore,
polymeric dispersants, so-called superplasticizers, are widely
used in concrete to increase its fluidity or reduce its permeability,
thus enhancing its durability. These dispersants also decrease the
environmental impact of concrete as they allow the reduction of
cement content per unit volume. Despite such wide use, cement
hydration involves a complex dissolution/precipitation process
that has not been fully elucidated yet.

The elemental characterization of the cement pore solution
is important for gaining insight into the thermodynamics and
kinetics of cement hydration, and predicting the durability
of concrete. Eight elements are of crucial interest: calcium,
potassium, sodium, sulfur, aluminum, iron, magnesium, and
silicon. The first four are present at a concentration in the order of
several g/L, while the others are at a level of microtraces (µg/L),
thus constituting a major analytical challenge.

Researchers and operators working in the field of cement
broadly use Inductively Coupled Plasma – Optical (or Atomic)
Emission Spectrometry (ICP-OES), because of its versatility and
relative ease of use. Yet, an easy and robust ICP-OES method
for characterizing cement pore solutions has been missing and
awaited for a long time.

By properly accounting the matrix effects and the careful
analysis of the spectral lines, our study provides for the first
time experimental guidelines and analytical performances
for a highly accurate and versatile ICP-OES method for the
elemental characterization of cement pore solutions with and
without the presence of admixtures.The quantification of some
elements is improved by a factor 34 when compared with what
is generally reported.

In pore solutions from admixed cement pastes, our ICP-
OES method allowed us to accurately observe an increase of
the microtrace elements. This could be due to the formation
of nanoparticles that may consist of intramolecular complexes
between the polymeric admixtures and polyvalent cations, as
aluminum, iron, and magnesium. The formation can be expected
to have important consequences on the working mechanisms of
chemical admixtures such as superplasticizers.
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The proposed ICP-OES method
allows the simultaneous, very accurate
determination of high- (Ca, K, Na, S)
and low-concentration (Al, Fe, Mg, Si)
elements of the pore solutions from
cement pastes, with and without
superplasticizers.
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Multimode Separation for Metabolomics and
Complex Environmental Samples

Adrian A. Ammanna and Marc J.-F. Suter*ab
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To understand how organisms, for instance green algae, react
to external stimuli, such as drugs, environmental pollutants or
other stressors, it is necessary to monitor changes in their
metabolome. Additionally, it is very often unknown what
chemical in the environment caused an adverse effect on the
physiological level. In both situations, the analytical method used
should capture and analyze the ‘universe of chemicals’, since
depending on the pH, both the endogenous metabolites and the
environmental chemicals range from ionic and very polar to
lipophilic with log K

ow
greater than five. While a mixed-mode

solid phase extraction allows this multitude of chemicals to be
captured, there is today only a limited combination of different
separation mechanisms available in one chromatographic run.
By combining a C18 trap with two analytical columns, consisting
of a mixture of C18 and weak anion (WAX) or cation exchange
material (WCX), four separation mechanisms become available
during the same run, including hydrophobic interaction (HILIC)
at thebeginningof the run. First, the injected sample is loadedonto
the C18 trap which retains the non-polar part of the chemicals,
while ionic and very polar material is passed on to the analytical
columns. The gradient starts with 97% acetynitrile (ACN) and
aqueous NH

4
HCO

3
(3 mM) and ends at 10% ACN and 30 mM

aqueous NH
4
HCO

3
. HILIC conditions are maintained down to

70% ACN followed by ion exchange chromatography given
with the increasing ionic strength of the two eluents. At 21 min.

theMSdivert valve switchesand
now guides the eluents through
the C18 trap, which starts the
reversed phase chromatography
with again increasing organic
content. The chromatogram
shows a nice separation of a
standard mixture of 18 com-
pounds, detected with a triple
quadrupole mass spectrometer
in multiple reaction monitoring
mode.

The combination of two
commerciallyavailablemixed-
mode ion exchange/reversed
phase columns together with
a trap column allows sepa-
rating complex chemical
mixtures of metabolites and
environmental pollutants in
one run.
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Front end of an Orbitrap MS with
the trap column and the two
ion exchange columns clearly
visible.

Batch culture of the green algae Chlamydomonas reinhardtii, grown in
an incubator.

Multimode separation chromatogram obtained from 18 standard
compounds on a triple quadrupole mass spectrometer (multiple
reaction monitoring): 1 phenylalanine, 2 ascorbic acid, 3 galacturonic
acid, 4 glutamic acid, 5 cystine, 6 hexanoic acid, 7 glutathione, 8
glucose-1-phosphate, 9 glutathione disulfide, 10 lysine, 11 tryptophan,
12 sucralose, 13 fluconazole, 14 arginine, 15 cysteine, 16 clotrimazole,
17 tocopherol, 18 dodecyl sulfate.
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How Do Plants Know When to Let Go?

Sebastian Augustin and Julia Santiago*
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hormone · Signaling complex · Structural biology

Plants have the capacity to renew themselves and get rid of
damaged or no longer needed organs. By this mechanism plants
conserve energy, spread their seeds and avoid the spread of
pathogen infections. But when does a plant know when is the
right time to let go? This process is specifically controlled by
the receptor protein HAESA, located at the surface of specific
cells that form a layer around the future break point. When it
is time to shed an organ, a small hormone called IDA instructs
HAESA to trigger the shedding event. Elucidating the underlying
mechanism of this communication process will be crucial, for
example, to optimize crop production by reducing fruit loss and
synchronizing fruit harvesting.

Using protein biochemistry, structural biology and genetics
we have uncovered the molecular details of this process. Our
experiments show that the hormone IDA binds directly to a
canyon-shaped pocket in HAESA. IDA binding to HAESA
generates a new surface of interaction that is then recognized by
another receptor protein called SERK1. SERK1 binding to the
HAESA-IDA complex leads to the release of signals inside the
cell that trigger the shedding of organs.

With the chemical mechanism at the atomic level at hand, we
can now use this information to carry out rational drug design to
generate compounds that mimic or antagonize the IDA hormone.
This will represent a very powerful tool allowing us to control the
process from the outside, for example, by watering or spraying
with these compounds. The next step following on from this work
is to identify and dissect what are the signals produced when IDA
activates HAESA.

The combined use of protein biochemistry, structural
biology and genetics offers a powerful combination to
dissect and understand communication events in plants. This
approach provides valuable information to allow for rational
drug design to regulate physiological processes in plants.
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Overall view of the three-dimensional structure of the active receptor
complex. The receptor HAESA is depicted in deep purple, the hormone
IDA in yellow, and SERK1 is highlighted in orange.

Activation of the HAESA receptor triggers the shedding of leaves in the
fall.
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Precision Diagnostics for Mobile Health Using
Capillary-driven Microfluidics
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Microfluidic technology may revolutionize point-of-care
(POC) diagnostics owing to the precision with which small
volumes of samples can be analyzed outside of centralized
healthcare infrastructures. However, this potential will only be
fully harnessed if biochemical reactions can be implemented on
microfluidics in a way that supports (i) simple use, (ii) scalability
to many types of assays, and (iii) interactivity with electronic
devices such as smartphones and with the ‘Internet of Things’.
Our research hasmostly focused on implementing immunoassays
on capillary-driven microfluidic chips and led to creating a
library of microfluidic functional elements and integrating
reagents (capture antibody and detection antibody) to such chips.
The assay methodology maps the approach used for lateral flow
assays wherein biochemical reactions occur sequentially as a
sample progressively wets a flow path and reconstitutes reagents.

We recently devised microfluidic chips having patterned
electrodes for trapping microbeads functionalized with receptors
using dielectrophoresis or monitoring flow in the chips. In this
later case, wetting of parallel Pd electrodes affects the capacitance
across the electrodesdue to the ionicdouble layer.Thecapacitance
ismeasured by a small peripheral and transmitted to a smartphone
for real-time monitoring of flow conditions in the chip with sub-
nanoliter precision.

Disposable, simple-to-use microfluidic chips for
immunoassays represent a powerful enabling technology
in combination with chip peripherals, smartphones, and
modern information technology infrastructures such as
cloud computing/storage and cognitive analytics, opening the
door to game-changing strategies for health technologies on
a global scale.
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A microfluidic chip having patterned electrodes can be inserted on a
small, low-cost peripheral for monitoring flow and reading assay results.
Such a peripheral has a Bluetooth module, a microcontroller, and can
communicate with a smartphone. This technology is broadly applicable
to any ligand–receptor type of assay for the generation and analysis of
precise data.

Immunoassays are implemented in capillary-driven microfluidic chips
by defining a hydrophilic flow path through which a sample passes,
dissolves detection antibodies, and forms an antigen–antibody complex
on downstream capture antibodies. The flow path is modular and can be
created using various assortments of microfluidic functional elements.
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1H High-resolution Magic-Angle-Spinning NMR
Spectroscopy to Determine Phosphate Sugars in
Biological Tissues and Cell Cultures
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Nucleotide sugars, mainly those containing uridine diphos­
phate (UDP­X), are key players in glycosylation processes.
Glucose phosphates (Glc­1P and Glc­6P) are intermediate
metabolites of the glycogen cycle and as such important for
storage and transfer of energy. Tissue biopsies and cells can be
metabolically characterized by high­resolution magic­angle­
spinning (HR­MAS) NMR. Temporal metabolite changes can be
monitored by this technique, thus enabling metabolic pathway
activities to be followed. 1H HR­MAS NMR allows these
phosphate sugars to be assessed qualitatively and quantitatively
as a minimally invasive analytical tool, preserving the cell and
biopsy integrity, as no extraction or separation steps are required.

Anomeric sugar protons bound to phosphate show the typical
doublet of doublet resonances between 5.4 and 5.7 ppm. Due
to similar patterns and only slight chemical shift differences
of those peaks originating from different sugar phosphates, a
correct assignment can be challenging. Therefore, the metabolite
assignment was supported by spiking experiments.

The results of our study clearly demonstrated that sugar
phosphates can be determined quickly and non­destructively
in living cells and in biopsies by HR­MAS, including their
quantitative estimation, without extraction processes. Consider­
ing the importance of phosphate sugars in cell metabolism for
nucleic acid synthesis, HR­MAS measurements may prove
valuable. Different phosphate sugars could be clearly separated
from each other. In skeletal and cardiac muscle, the presence
of α­Glc­1P and Glc­6P could be unambiguously assigned.
The α­Glc­1P kinetics proves exemplarily the possibility of
monitoring metabolic processes dynamically by 1H HR­MAS
NMR. As suggested by the kinetic analysis, the initial α­Glc­
1P increase and subsequent decrease may be due to glycogen
breakdown, followed by enzymatic conversion into Glc­6P and
finally Glc through phosphoglucomutase. 1H HR-MAS NMR
allows the assessment of phosphate sugars contained e.g. in
cells and skeletal and cardiac muscle biopsies, and facilitates
the study of their kinetics formonitoringmetabolic pathways.
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Sheep cardiac muscle NMR spectra acquired over 3.5 h after biopsy,
showing the evolution of the α-Glc-1P content.

Cell NMR spectra spiked with different phosphate sugars, confirming
the presence of UDP-GluA, UDP-GalNAc, UDP-GlcNAc and α-Glc-1P.
Reprinted with permission from Springer, Diserens et al.
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Quantification of Quaternary Ammonium Compounds
Against Surrogate Matrix by HILIC-MS/MS
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(TMAO)

Metabolites like choline and its oxidized form betaine as
well as other closely related quaternary ammonium compounds
like l-carnitine and O-acetyl-l-carnitine, play a pivotal role in
the synthesis of membrane phospholipids, energy metabolism,
and as methyl group donators in a number of biosynthetic reac-
tions. Choline, betaine, l-carnitine, and O-acetyl-l-carnitine are
the main ingredients found in red meat, fish and many life-style
products. Numerous studies have highlighted the protective ef-
fect of l-carnitine, choline and betaine on cardiac metabolism
and performance. However, recent publications described the in-
testinal breakdown of choline, betaine and l-carnitine to trimeth-
ylamine by intestinal microorganism and subsequent oxidation
to trimethylamine-N-oxide (TMAO) by flavin-monooxygenases
(FMO) in the liver. Several researchers investigated the impor-
tance of TMAO in predicting cardiovascular events.

Due to the high polarity and low volatility of TMAO and its
precursor, analysis is predominantly done by HPLC. As solid
support, mostly hydrophilic interaction liquid chromatogra-
phy (HILIC-), C4- or Phenyl-columns are used. In our opinion,
HILIC chromatography seems to be the best method for the sepa-
ration of the above-mentioned analytes. As solvent, a mixture
of acetonitrile and water was used with ammonium formiate as
buffer showing less background noise compared to ammonium
acetate. After protein precipitation with acetonitrile and centrifu-
gation, the supernatant was directly injected. Method validation
was done according to international guidelines showing good
results for selectivity, recovery and matrix effects. Calibration
and quality control samples were prepared in water as surrogate
matrix. Standard addition control experiments were performed
to assure accuracy for non-matrix-matched calibration. The final
calibration model was linear for all analytes.

The method was developed for analysis of plasma, serum and
urine samples after overnight fasting. For urine samples, a 5-fold
pre-dilution was necessary. In a well-defined study group, we
could highlight a close association of TMAOwith long-term fatal
outcomes in CAP patients without coronary artery disease.

This LC-MS/MS multi-analyte approach allows the simul-
taneous and precise quantification of TMAO and its precursors
in selected human fluids. Standard addition experiments for all
matrices showed good correlation with calibrators prepared in
water as surrogate matrix.
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References
C. Steuer, P. Schuetz, L. Bernasconi, A. R. Huber, J. Chromatogr. B 2016, 1008,
206.
M. Ottiger, M. Nickler, C. Steuer, J. Odermatt, A. Huber, M. Christ-Crain, C.
Henzen, C. Hoess, R. Thomann, W. Zimmerli, B. Mueller, P. Schuetz, Eur. J.
Intern. Med. 2016, 36, 67.

“You are what you eat”: from plate to reader.
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Mineral Oil in Food – The Development of an Issue
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Formany decades, ‘clean’ or ‘food grade’mineral oil products
were used rather carelessly, even though granuloma attributed
to ingested mineral oil were widely observed in human tissues
as far back as around 1950. This has changed dramatically:
today mineral oil hydrocarbons are primarily considered as
contaminants.

In 1989, it was detected that hazelnuts were contaminated
from jute- and sisal bags made of fibers batched with rather crude
mineral oils; chocolate sometimes contained several 100 mg/kg
mineral oil.Typical batching oils includedmore than 30%mineral
oil aromatic hydrocarbons (MOAH), among which genotoxic,
largely alkylated polyaromatic hydrocarbons. Rice was sprayed
with (white) mineral oil just to make it shiny (ca. 3000 mg/kg);
industrial bakeries consumed truckloads of mineral oil products
as release agents; usedmotor oils found their way into used frying
oils added to animal feed and returned onto our plates with the
meat or eggs. Milk powders for babies were contaminated from
the recycled paperboard they were packed in. Over the years, all
these contaminants were stopped or at least strongly reduced.
There is, however, little that can be done against diesel oil and
lubricating oil from diesel engines as well as debris from tires and
bitumen contaminating our food.

For almost 20 years, the subject found little attention outside
the Kantonales Labor Zurich (KLZ), mainly because of the
demanding chemical analysis: on-line coupled HPLC-GC is the
method of choice, a technique developed in the KLZ and until
recently available only in few laboratories. Even the detection of
mineral oil saturated hydrocarbons (MOSH) in human milk and
human adipose tissue did not attract much attention. In 2008,
mineral oil was added to Ukrainian sunflower oils, and all of
sudden numerous laboratories had to analyze for mineral oils.
This incidence was still not considered particularly serious, since
only a further development of the on-line HPLC-GC method
revealed the MOAH it contained but it triggered the EFSA
opinion on mineral oils (completed in 2012).

Mineral oil contamination became an issue when the German
BfR dealt with migration from recycled paperboard (at levels of
10–50 mg/kg food). The German ministry immediately drafted a
regulation to get this migration under control, but did not succeed
up to today. At this point, the issue heated up. Media reported

and many laboratories bought HPLC-GC instrumentation to start
analysis; ever-lower concentrations were considered critical.

The toxicity of MOSH was underestimated owing to
strong accumulation in human tissues (determined in 2014):
concentrations in livers and spleens are 100–1000 times higher
than extrapolated from animal experiments. For the MOAH it
was assumed that they include genotoxic constituents. This is
confirmed for rather crude oils like those used for jute bags, but
is questionable for better refined ones. This calls for a revision of
the current reference values.

Mineral oil is themost common food contaminant, but still
awaits adequate evaluation to conclude whether the strongly
reduced present occurrence in foods can be tolerated.
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Mineral oil hydrocarbons in chocolate analyzed in 1993 by on-line
HPLC-GC-FID and the graphical peak integration commonly used at
that time. The narrow triangle (with inserted ‘3’) primarily represents
natural hydrocarbons in milk. Without these, the concentration
corresponded to 42 mg/kg, which was typical by then, high values
reaching hundreds of mg/kg.
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ReGaS: SI-traceable Reference Mixtures of Reactive
Trace Gases Produced by Mobile Generators
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To answer the needs of air quality and climate monitoring
networks, three reference gas generators were developed and
manufactured at METAS, dynamically producing reference gas
mixtures for reactive compounds at atmospheric concentrations
which are traceable to the international system of units (SI).
These generators (Reactive Gas Standard ReGaS) can be applied
for on-site calibrations of instruments in laboratories as well as
in air quality monitoring stations. The technical features of the
mobile generators allow the realization of such gas standards for
reactive compounds (e.g. NO

2
, NH

3
, volatile organic compounds)

in the nmol·mol–1 range (ReGaS1 and ReGaS2), and halogenated
gases in the pmol∙mol–1 range (ReGaS3).

The generation method is based on permeation and dynamic
dilution. The purpose-built, multi-chamber permeation ovens
of generators ReGaS2 and ReGaS3 allow for the generation of
mixtures containing up to five different compounds. This mixture
is then diluted using thermal mass flow controllers (MFC), thus
making the production process easily adaptable to generate
the required concentrations. All parts of ReGaS1 and ReGaS2
in contact with the gas mixture have been treated with a silica-
based coating to reduce adsorption/desorption processes. Every

input parameter relevant for the generation of the reference
gas mixtures is calibrated with traceable standards at METAS.
Therefore the molar fraction of the reference gas mixture with
its associated uncertainty is traceable to the SI.

The stability and reproducibility of the generated amount
fractions were tested with NH

3
for ReGaS1, NO

2
for ReGaS2

and HFC-125 for ReGaS3. They demonstrate stability over days
better than0.2%,0.4%and0.8%, respectively, and reproducibility
better than 0.5%, 0.7% and 1%, respectively. Finally, depending
on the analyte and concentration, the relative expanded
uncertainty of the generated concentration is between 1.5% and
4% with the major contributions coming from the uncertainty of
the permeation rate and/or of the purity of the matrix gas.

The reference gas mixtures can be used on-site for the
calibration of measurement instruments at the relevant
atmospheric amount fractions. The relative expanded
uncertainties are sufficiently low for distinguishing long-term
atmospheric trends recorded with high-resolution and high-
precision instrumentation.

Received: September 11, 2017
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(A) CAD design and (B) picture of the multi-chamber permeation oven
in ReGaS2 and ReGaS3 with Silconert2000 coating allowing for the
generation of up to five compounds simultaneously.

Scheme of ReGaS3. ReGaS3 has two dilution steps and a multi-
chamber permeation oven for the generation of halogenated
compounds at pmol/mol level. (MFC: mass flow control, PrC:
pressure control.)
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The Beginnings of Alpine Transhumance?
Isotopic Insights into Neolithic Cattle Herding

Claudia Gerling*a, Thomas Dopplera, Alistair W. G. Pikeb,
Corina Knipperc, Volker Heydd, Thomas Kuhne, Moritz F.
Lehmanne, and Jörg Schiblera
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field Road, Southampton SO17 1BF, UK; cCurt-Engelhorn Centre Archaeometry,
D6,3, D-68159 Mannheim; dDepartment of Archaeology & Anthropology, Univer-
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Keywords: High-resolution laser-ablation multi-collector induc-
tively-coupled plasma mass spectrometry (LA-MC-ICP-MS) ·
Strontium and carbon isotopes · Wetland archaeology

The Neolithic period marks the initiation of sedentary life-
styles in central Europe and animal husbandry becomes one of
the key elements of human society. In (sub)alpine environments,
the development of the animal economy is tightly linked to the
advent and rise of transhumance, i.e. the seasonal translocation
of animals to grazing grounds above the timber line. The latter
implies wide-ranging economic and social consequences.

To investigate early cattle husbandry and animal mobility in
the Neolithic wetland sites of Switzerland, we applied strontium
isotope analysis (87Sr/86Sr) to solid tooth enamel samples. The
87Sr/86Sr ratios in the tooth material reflect the 87Sr/86Sr of the
geological environment and feeding grounds during different life
periods of individual cattle. In order to obtain samples at the spa-
tial and hence temporal resolution required to identify seasonal
movements of cattle, we employed laser ablation (LA) inductive-
ly coupled plasmamass spectrometry (ICP-MS).A homogenized
Ar-F 213nm laser with a spot size of 120 µm, fired at 10 Hz, is
focused on the sample, which is then ablated continuously, while
it is moved in the growth axis of the tooth. The ejecta are swept
into the MS, where the Sr isotope ratio (87Sr/86Sr) is determined.

This allows many hundreds of analyses per cm of tooth, and in
turn the assessment of Sr isotopic composition variations at a
very high temporal resolution.

The combination of carbon and high-resolution strontium iso-
tope analyses provided conclusive evidence for transhumance in
the Neolithic. We were able to distinguish between three concur-
rent patterns of animal mobility and husbandry in the settlement
of Arbon Bleiche 3 at Lake Constance (middle 4th Millennium
BC), which suggest differential access to grazing resources: 1)
localised cattle herding, 2) seasonal movement, and 3) herding
away from the site year-round.We argue that the densely forested
environment created pressure on local fodder capacities, making
alternative herding strategies (i.e. transhumance) necessary. As
a consequence, cattle had an increasing importance in the local
landscape and were likely to have contributed to the progress of
socio-economic differentiation in early agricultural societies in
Europe.

The combined application of new and established ana-
lytical techniques thus provides high-resolution insights into
prehistoric subsistence economies and people’s way of life.
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5400 year old cattle mandible, second molar extracted for strontium
and carbon isotope analysis (Photo: C. Gerling) and 87Sr/86Sr cattle
mobility pattern 2 (seasonal movement) at the Neolithic wetland site of
Arbon Bleiche 3, Lake Constance (Gerling et al. PLoS ONE 2017, 12,
e0180164, Fig. S1, Detail).

Alpine cattle economy (Photo: J. Schibler).
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How to Apply Compound-Specific Isotope Analysis to
Complex Environmental Samples

Violaine Ponsin*a, Timothy E. Buscheckb, and Daniel
Hunkelera
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Keywords: BTEX · CSIA · Heart-cutting · Isotope ratio mass
spectrometry · Multidimensional GC · Stable isotope

Compound-Specific isotope analysis (CSIA) is an increasing-
ly applied tool to evaluate the origin and fate of volatile organic
compounds such as benzene, toluene, ethylbenzene, and xylenes
(BTEX), which are widespread contaminants in the environ-
ment. CSIA is commonly performed using a gas chromatograph
coupled to an isotope-ratio mass spectrometer (GC-IRMS). The
compounds eluting from the GC column are transformed into a
single analyte before entering the source of the mass spectrom-
eter (CO

2
for carbon, H

2
for hydrogen). Thus, an excellent chro-

matographic resolution is crucial for GC-IRMS to obtain accu-
rate isotope measurements. BTEX present a great challenge for
GC-IRMS because they occur as part of a complex mixture of
hydrocarbons at most contaminated field sites. The objective of
this study was to implement a two-dimensional heart-cutting GC

hyphenated to an IRMS detector to analyze carbon isotope in
BTEX in complex environmental samples (groundwater and gas-
phase samples), i.e.with a high load of non-targeted compounds.

Accuracy of carbon isotope values measured with the newly
implemented 2D-GC-IRMSsystem remained comparable to clas-
sic 1D-GC-IRMS whilst precision was still very high. Samples
from two field sites were successfully analyzed, and substantial
enrichment of 13C in toluene was shown in some samples, which
is a proof of in situ biodegradation by indigenous microorgan-
isms. The final 2D-GC oven program was shorter than programs
previously implemented for 1D-GC for similar compounds for a
much better resolving capacity. Furthermore, there was no need
for an additional oven for the second column as both columns lie
within the same GC oven.

2D-GC-IRMS was successfully applied to groundwater
and gas-phase samples that could not be analyzed by classic
1D-GC-IRMS for the determination of carbon isotope ratios
in BTEX. This technique expands the spectrum of environ-
mental samples suitable for isotope ratio measurements, and
will provide new insights into attenuation processes of BTEX
in contaminated sites.

Received: November 29, 2017
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2D-GC-IRMS configuration for carbon isotope analysis. The switching
device after the first column directs by default the flow to the FID
detector. Compounds of interest are sent to the second column by
heart-cuts defined according to their retention time on the first column,
and then to the IRMS detector.
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Ice-Core Evidence of Earliest Extensive Copper
Metallurgy in the Andes 2700 Years ago
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South America

Access to metal is considered as a main driving force for
the socioeconomic development of cultures and countries.
Advances in agriculture, warfare, transport, cookery, and the
entire Industrial Revolution would have been impossible without
metal. Historically, Andean copper (Cu) in particular was an
essential resource of wealth for pre- and post-colonial societies
and still plays a central economic role in many South American
countries today. Despite of this importance the onset of extensive
Cu metallurgy in South America is still debated. Comprehensive
archaeological findings point to first sophisticated Cu metallurgy
during the Moche culture ~200–800 AD.

In 1999, a 138.7 m long ice core was retrieved from Nevado
Illimani, the highest mountain of the eastern Bolivian Andes. In
the −20 °C cold room at PSI, inner core sections (~2.2 × 2.2 ×

70 cm) were cut out using a stainless steel band saw. Trace
element concentrationswere determined in the inner sectionswith
continuous ice melting inductively coupled plasma-sector field-
mass spectrometry (CIM-ICP-SF-MS). Based on the resulting
highly time-resolved ice-core data from Illimani glacier, we
reconstructed a 6500-years Cu emission history for the Andes,
providing the first complete record of large-scale Cu smelting
activities in South America.

Ice-core Cu originates from two different sources, namely
wind erosion of Cu-containing mineral dust and anthropogenic
emissions from mining and metallurgical processing. Cu
enrichmentfactorsabovethenaturaldustbackgroundwerederived
by normalizing the Cu concentration with the concentration of
cerium (Ce), a geogenic element present in mineral dust.

We find earliest anthropogenic Cu pollution during the
Early Horizon period ~700–50 BC, and attribute the onset of
intensified Cu smelting in South America to the activities of the
central Andean Chiripa and Chavin cultures about 2700 years
ago. Maxima in Cu enrichment factors were similarly observed
during the times of later SouthAmerican high cultures such as the
Moche, Tiwanaku, Wari, and Inca, as well as during the colonial
period and in the 20th century, matching the archaeologically
known periods of increased metal production during the last two
millennia. Our study is the first one to provide substantial
evidence for extensive Cu metallurgy in the Andes starting
already 2700 years ago.

Received: January 9, 2018
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Earliest extensive Cu artefacts are known so far from the Moche
culture in South America. Shown is a Moche belt ornament (Peru,
2nd–7th century AD), Credit: The Metropolitan Museum of Art, www.
metmuseum.org, bequest of Jane Costello Goldberg, from the
Collection of Arnold I. Goldberg, 1986.

Illimani ice-core record of anthropogenic Cu emissions over the past
6,500 years in the Bolivian Altiplano. Shown are Cu enrichment factors
(green) above the natural background from mineral dust (grey) during
the flourishing of the pre-Columbian Chavin/Chiripa cultures (onset of
Cu metallurgy), Tiwanaku/Wari/Moche cultures, the Inca, colonial times,
and the 20th century.



254 CHIMIA 2018, 72, No. 4 Columns

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, Unterstrasse 58, CH-9000 St.Gallen
Tel.: +41 71 222 16 81, E-mail: VRMeyer@bluewin.ch

doi:10.2533/chimia.2018.254 Chimia 72 (2017) 254 © Swiss Chemical Society

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Three-quarters of World’s Honey Contain
Neonicotinoids

Aline Mutabazi, Blaise Mulhauser, Matthieu Mulot,
Alexandre Aebi, Edward A. D. Mitchell, and Gaétan
Glauser*
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Since the discovery of imidacloprid in the late 1980s,
neonicotinoids have become the most widely used insecticides
in agricultural crop protection.Yet, in recent years there has been
growing concern about the impact of these systemic pesticides
on non-target organisms, especially on pollinators such as bees.
Indeed, due to their physicochemical properties, neonicotinoids
are translocated to all plant organs and can thus be found in
pollen and nectar which are the only sources of nutrition for
bees. To assess the risk posed by neonicotinoids for biodiversity
and ecosystems, it is urgent to obtain a global view of their
distribution in our environment.

In this study, we measured neonicotinoid concentrations in
198 honey samples collected from all around the world through a
citizen science project led by the Botanical Garden of Neuchâtel.
We focused on the fivemost commonly used neonicotinoids: acet-
amiprid, clothianidin, imidacloprid, thiacloprid and thiamethox-
am. First, we developed and validated a stable isotope ultra-sen-
sitive method able to quantify levels of neonicotinoids in the ppt
range in honey. For this, a QuEChERS-based sample preparation
followed by ultra-high performance liquid chromatography-tan-
dem mass spectrometry was employed. Second, we determined

the levels of each neonicotinoid in our honey samples. This re-
vealed that 75% of the samples contained quantifiable amounts
of at least one neonicotinoid, and that 45% contained more than
one. While concentrations were in all cases below admissible
limits for human consumption according to current EU and US
regulations, they were in a range where significant detrimental
effects on bees have been demonstrated. Our results illustrate
that advances in analytical techniques allow the detection of
traces of pesticides which would have previously remained
undetected, but are within the range now known to affect
bees and other insects, thereby profoundly transforming our
vision of ecological questions.

Received: February 7, 2018

Worldwide distribution of honey contamination by neonicotinoids
(reproduced from reference Mitchell et al. Science, 2017, 358, 109 with
modifications). Picture of bee: Blaise Mulhauser.

Analytical workflow for the determination of neonicotinoid concentrations in honey.
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High-resolution, Non-destructive X-ray Tomography

Mirko Holler*, Manuel Guizar-Sicairos, Esther H. R. Tsai,
Michal Odstrcil, Roberto Dinapoli, Elisabeth Müller, Ana
Diaz, Oliver Bunk, Jörg Raab, and Gabriel Aeppli
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Keywords: Integrated circuits · Nano tomography ·
Ptychography · X-ray imaging

Ptychographic X-ray Computed Tomography (PXCT) is a
lens-less microscopy technique that can fill the imaging gap be-
tween electron microscopy and conventional X-ray microscopy,
i.e. imaging at high resolution in the 10 nm range in combina-
tion with tens of microns thick samples. The method provides
quantitative information of the spatially resolved electron density
in the sample in 3D. PXCT was pioneered at the Paul Scherrer
Institut, and by now two dedicated microscopes have been con-
structed and are employed by internal and external users of the
Swiss Light Source for scientific projects ranging from materials
science to biology.

Many projections of the sample are acquired at different ro-
tation angles by scanning it through a coherent X-ray beam and
collecting far-field diffraction images. There is no imaging lens
between the sample and the detector, the image is formed compu-
tationally from the diffraction images using iterative algorithms
explicitly developed for this purpose. As a lens-less imaging
method, PXCT bypasses limitations of X-ray optical systems,
making it currently the X-ray microscopy technique with the
highest spatial resolution.

We are continuously exploring new fields of application of
PXCT, one of them being non-destructive imaging of integrated
circuits.As an examplewe showhere the imaging of an Intel® pro-
cessor (G3260) manufactured in a 22 nm node. Conventionally
such samples are measured destructively in a FIB-SEM (focused
ion beam, scanning electron microscope combination) using the
slice-and-view technique. We extracted a 10 micron diameter
pillar from the chip and using non-destructive PXCT achieved
a resolution of 15 nm in 3D which allowed the identification
of all electrical connections in the circuit down to the transistor
layer. This measurement took 22 h, but with next generation syn-
chrotron sources, improvedX-ray optics and detectors, we expect
the measurement speed to increase by orders of magnitude. In
preparation we are currently building a new instrument in lami-
nography geometry which will no longer require the extraction of
a small pillar from the initially flat sample, such that the imaging
volume will be purely determined by measurement time.

X-ray ptychography in laminography geometry and fore-
seeable improvements in imaging speed and resolution may
make a significant contribution to chip inspection and lead
to rapid and non-destructive imaging of integrated circuits
for optimization of production processes, failure analysis and
validation of chips used in critical application fields such as
healthcare and aviation.

Received: February 27, 2018
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3D rendering of the internal structure of a microchip (metal components
in an Intel processor). A piece of a G3260 processor of around 10 µm
diameter was investigated. The layer at the top level shows where the
transistors are located. The material in yellow is copper showing the
processor’s connections between individual transistors.

Chip sample pillar
prepared by FIB-SEM for
the X-ray measurement.
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Analyzing Breath with Chemical Sensors
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Non-invasive breath analyzers could facilitate rapid and
routine disease screening for early stage detection and improved
therapies. In fact, elevated breath concentrations of keymolecules
havebeenassociated tophysiologicalandpathological states, such
as ammonia to kidney failure, acetone to diabetes and enhanced
fat metabolism or NO to asthma, the latter being applied actively
in today’s clinical practice. Especially promising to detect these
‘breath markers’ are solid-state gas sensors due to their compact
design and low cost, making them ideal for incorporation into
wearable devices.

In specific, gas sensors based on chemo-resistive metal-
oxides nanoparticles offer sufficiently low detection limits in the
part-per-billion (ppb) range, fast response and recovery times
(seconds to few minutes), however, they lack selectivity. This
can be tackled for some tracers by material design (e.g. Si-doped
WO

3
for acetone, Si-doped MoO

3
for ammonia), microporous

filter membranes or the combination of sensors to arrays.
Recently, a filter-sensor system was developed for fast

and highly selective breath isoprene detection. Isoprene is a
promising marker for high blood cholesterol levels. The sensor
system consists of a filter of activated alumina in combination

with a non-specific but highly sensitive Pt-doped SnO
2
sensor.

Isoprene is hydrophobic, in contrast to other major breath
compounds including acetone, ammonia, ethanol and methanol.
The filter exploits this by ab-/adsorbing and retaining them
while isoprene passes unhindered and is registered by the sensor
without interference. That way, isoprene is detected quickly
(<5 s) down to5ppbwith selectivities>100overother compounds
in simulated breath mixtures, unprecedented by state-of-the-art
sensors. As a result, this sensor-filter system is promising as
breath isoprene detector for non-invasive monitoring of high
blood cholesterol levels.

Suchsensors canbe integratedreadily intoportablebreath
analyzers for individualized health monitoring at home. This
was demonstrated recently with breath acetone sensors that
monitored individual fat burn rates in 20 volunteers during
exercise and rest.
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Isoprene detector based on an alumina-powder filter to retain
hydrophilic compounds and a highly sensitive Pt-doped SnO2 sensor
to quantify isoprene concentrations. Adapted with permission from van
den Broek et al., ACS Sens. 2018, 3, 677. Copyright (2018) American
Chemical Society.

Response of the Pt-doped SnO2 sensor without (top left) and with
activated alumina filter (top right) to 500 ppb of breath-relevant analytes
at 90% RH. Response of the filter-sensor system to ultra-low isoprene
concentrations of 5, 10 and 20 ppb at 90% RH (bottom). Adapted
with permission from van den Broek et al., ACS Sens. 2018, 3, 677.
Copyright (2018) American Chemical Society.
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Detective Work on the Rhine River in Basel – Finding
Pollutants and Polluters
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Around 58 million people live along the Rhine, and many
are dependent upon the Rhine for drinking water and wastewater
disposal. The riverside industrial activity is among the highest
in the world. In order to monitor the Rhine water quality, the
countries using the Rhine operate a network of monitoring
stations. The first such station, the RÜS, was built in Weil a.R.
(Germany) in 1993. This station and the associated laboratory are
operated by theAgency for Environment and Energy of the Swiss
canton Basel-Stadt.

Every day, the laboratory monitors over 350 substances and
also performs screening of unknown compounds (non-targets).
The non-target screening is based on high resolution mass
spectrometry coupled with liquid chromatography (LC-HRMS/
MS) detection. The LCMS data is processed by the cutting-
edge, automated trend-detection software enviMass, which can
recognize patterns in periodic time-series data. This software
was developed in cooperation with the Eawag (Swiss Federal
Institute of Aquatic Science and Technology) and it red-flags
features (characterized by mass fingerprint, retention time, and
signal intensity) with a suspicious temporal trend or unusually
high intensities. Various compound databases (like Pubchem or
Chemspider) are then queried to obtain a molecular structure.
Ideally, the identification of the compound is confirmed via
reference standards.

At times, the structural search is inconclusive. Additional
meta information can help to identify an unknown substance.
The usefulness of such complemental information can be
illustrated with a feature red-flagged by enviMass in June 2016.
Identification efforts suggested the structure ofN-(chloromethyl)-
triethylammoniumcation, but no reference standardwas available
for confirmation. An upriver sampling campaign, including e.g.
tributaries and wastewater treatment plants, revealed a point
source in an adjacent canton. The company in question assisted
the effort greatly by synthesizing a reference standard for the
previously unknown byproduct of an industrial process. The
calculated load of that byproduct into the Rhine over the period
of one month was 1.1 tons. Since then the company has managed
to eliminate the compound via process modifications.

Daily non-target-screening is essential for detecting the
presence of unknown pollutants in our rivers; however,
collaboration with industry and local authorities can be
crucial in the enduring effort to eliminate sources of pollution
and to protect our waters.

Received: May 22, 2018
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enviMass is a data-mining workflow based on LC-HRMS/MS data and
extraction of mass profiles in time. In June 2016, enviMass reported
an unusual profile pattern of a substance with m/z 150.104 which
subsequently could be identified as N-(chloromethyl)-triethylammonium
cation.

A: Sampling sites along the Rhine with positive (green marks) and
negative results (red crosses) of the substance N-(chloromethyl)-
triethylammonium cation. B: Based on these findings, the source was
identified and the emission stopped. The total load in the Rhine was 1.1 t.
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Enlightening the Lactate Degradation Processes in
Cheese and Bacterial Cultures Using Phenylboronic
Esterification and GC-MS

René Badertscher*, Carola Freiburghaus, Daniel
Wechsler, and Stefan Irmler
*Correspondence: R. Badertscher, Agroscope, Schwarzenburgstrasse 161, CH-
3003 Bern, E-mail: rene.badertscher@agroscope.admin.ch

Keywords: Bacterial cultures · Butane-2,3-diol · Cheese · GC-
MS · Propane-1,2-diol · Propane-1,3-diol

Infoodproduction, fermentationplaysakeyroleforpreserving
food. At the same time, the process can be used to achieve the
desired qualities of aroma, taste and texture. For example, for
various cheeses, the eye formation is important, which is caused
by the release of carbon dioxide during the ripening process. The
bacteria used for this have a multitude of metabolic activities that
can also release other gases. Some of the degradation pathways
lead to the formation of diols. Lactobacillus parabuchneri is an
interesting example for such a pathway, because it canmetabolize
lactate to propane-1,2-diol with simultaneous release of acetate
and carbon dioxide. Lactobacillus buchneri, on the other
hand, produces propane-1,3-diol during the co-fermentation of

carbohydrates and glycerine. The 2,3-butanediol fermentation
is a way of breaking down carbohydrates to produce energy
under anoxic conditions. The pathways that convert lactate into
acetate under anaerobic conditions are not well understood at
the molecular level. A sensitive method was therefore developed
and validated for the simultaneous quantitative measurement of
the metabolites propane-1,2-diol, butane-2,3-diol, and propane-
1,3-diol in cheese and bacterial cultures. In a first step, the diols
are extracted in water and esterified directly in the extract with
the aid of phenylboronic acid. After extraction with toluene, the
resulting phenylboronic esters are measured directly using GC-
MS in selected-ion monitoring (SIM) mode with an external
calibration using butane-1,2-diol as the internal standard. The
method is simple, fast, robust, allows precise measurements
in the mg/kg range and can be used in complex matrices due
to selective double extraction and is therefore also of interest
for plant and non-dairy food fermentation.

Received: July 25, 2018

Reference
R. Badertscher, C. Freiburghaus, D.Wechsler, S. Irmler. Food Chemistry
2017, 230, 372.

Eye formation in cheese, a quality feature. Selected-ion mode chromatogram of a standard diol calibration
sample. From left to right: Phenylboronic esters of propane-1,2-diol,
butane-2,3-diols, butane-1,2-diol (internal standard), and propane-1,3-
diol.
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Radionuclides in Human Hair of Swiss People
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Radiocaesium (134Cs and 137Cs) and radiostrontium (90Sr)
belong to the radionuclides, which are emitted to the environment
when nuclear fission gets out of control. Their main source is
from bomb fallout, when over 600 bombs were tested in the
atmosphere from 1945 to 1970.Additionally, they originate from
nuclear accidents, such as the reactor fire at the nuclear power
plant (NPP) of Chernobyl or the core melting of three reactors
at Fukushima Dai-ichi in 2011. In Switzerland, the fallout from
bomb tests and from the Chernobyl reactor-fire contributes to the
internal dose mainly by consumption of food.
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Mean activities in hair from Swiss people compared to contaminated
Japanese hair from the exclusion zone of Fukushima Dai-ichi.

Radioactive fallout, which is incorporated with food and via air, is
deposited in human hair to some extent.

One possibility to investigate these internal doses is bywhole-
body counting (mainly gamma rays are detectable) or analysing
urine and faeces. Scientists often use the analyses of teeth or
bones to estimate the amount of incorporated radiostrontium. The
analysis of hair offers another approach. Hair is a commonmatrix
to test for drug abuse or for intoxications (e.g.with a toxic metal).
Yet, little is published about hair analysis for the determination of
radio contamination in man.

In 2017, we investigated the pooled hair samples collected
by hairdressers of the city of Basel and surrounding villages.
The hair was washed with detergents and water. After drying
the hair, it was ashed at 600 °C. The ashes were analysed with
gamma spectrometry (radiocaesium). Then, after several clean-
up steps, the extracts were analysed with beta spectrometry
(radiostrontium).

We compared the results to human hair of Japanese people
from Minamisoma City (a town in the exclusion zone of the NPP
Fukushima Dai-ichi) collected by a hairdresser in 2011 and 2017.

Today, the Swiss hair show little radio contamination.
While the hair from Japanese people who were exposed
directly to the fallout from the NPP Fukushima Dai-ichi
showed significantly higher contamination. Seven years
after the NPP accident, the radio contamination of the hair
dropped to about 10% (137Cs) and 30% (90Sr), respectively, of
the original contamination level.

Received: August 13, 2018
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Genome Mining-guided and MALDI Imaging-assisted
Discovery of New Antibiotics

Silke I. Probst, Christine Vogel, Julia A. Vorholt, and Jörn
Piel*
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Genome mining · MALDI imaging

Despite rapid technological progress, the discovery of new
antibiotics has stalled. Meanwhile, long-term prescription
and misuse of antibiotics has resulted in increased resistances
culminating in the current antibiotic resistance crisis. Most
therapeutically relevant antibiotic classes are based on natural
products discovered from bacteria. Traditionally, ‘talented’
natural product producers such as soil Actinomycetes were
used as sources for antibiotics discovery. However, the focus on
taxonomically related bacteria from similar habitats increasingly
results in the re-isolation of known compounds.

A powerful discovery strategy is based on the computational
prediction of biosynthetic products from microbial genome
sequences. Natural products are generated by enzymes encoded
in clustered sets of genes called biosynthetic gene clusters (BGC).
Knowledge of their function allows prediction of natural product
structures for some compound classes. Advanced bioinformatic
tools are used to identify BGCs in bacterial genomes and compare
these to known biosynthetic pathways, thus providing insights

into the biosynthetic potential for novel natural products in a
bacterium.

These in silico dereplication techniques can be applied
to bacteria from as-yet chemically poorly explored taxa and
ecosystems. We studied bacteria associated with leaves of the
model plant Arabidopsis thaliana as bacteria colonizing this
nutrient-poor habitat might employ antimicrobial warfare
against competitors. A large collection of leaf bacteria were
subjected to genomic analysis in combination with thousands
of binary interaction assays, which revealed a large number of
novel BGCs and antagonistic interactions. For bacteria showing
potential in both analyses, Matrix Assisted Laser Desorption
Ionization Imaging Mass Spectrometry (MALDI IMS) was used
to scan the spatial distribution of ions around colonies grown on
sensitive strains. It allows metabolic changes to be detected, such
as an increased secretion of metabolites when confronting the
producer strain with a competing organism.Moreover, it suggests
which ions belong to an antibiotic by comparing the shape of
the inhibition zone around the colony with the distribution of
the detected compounds. Compounds of interest were purified
guided by the in silico, analytical, and activity data, followed by
full structure elucidation. This resulted in the identification of
two novel antibiotics from a single producer.

This combinatorial approach of interaction data, genome
mining and MALDI IMS streamlines the identification of
new talented producers and simplifies the HPLC purification
and elucidation of novel molecules.

Received: September 24, 2018
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Arabidopsis thaliana overlaid by bioactive compounds from the isolated
Brevibacillus sp. Leaf182.

MALDI IMS of a bacterial colony forming an inhibition zone on a lawn of
competing bacteria. The intensities of color-coded masses correspond
to two isolated secondary metabolites, the antibiotics macrobrevin (m/z
667.2) and marthiapeptide A (m/z 655.0).
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Micro- and Nanoplastic Analysis in Soils

Moritz Bigalke*a, Montserrat Filellab, Daniela Fischera,
Anna Muntwylera, Michael Scheurera, and Benjamin
Wattsc
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of Geneva, Boulevard Carl-Vogt 66, CH-1205 Geneva; cPaul Scherrer Institute, CH-
5232 Villigen PSI.
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Microplastic (MP) and nanoplastic (NP) pollution in the
environment are of great concern. Even though the amount of
MP applied to soils is greater than the yearly load to the ocean,
terrestrial systems are much less studied in terms of MP and NP
concentrations and characteristics. The main reason for the very
limited number ofMP analyses in soils is the lack of an established
method to perform this kind of analysis. We separate the 1–5 mm
sized MP particles by sieving the dry sample and identifying the
plastics by attenuated total reflection Fourier transform infrared
spectroscopy (ATR-FTIR). The particles of <1 mm size are
separated by wet chemical methods, i.e. by density separation
from the mineral soil matrix. Natural organic substances (with a
similar density) are oxidized and a second density separation is
used for the final cleanup. Finally, the sample is filtered – on a filter
transparent at wavelengths between 1250 and 4000 cm–1 – and the
single particles are analyzed by FTIR microscopy in transmission
mode. The quantification is done by precisely measuring the
size of the single particles and calculating their weight using an
empirical relationship between particle size and weight.

While the number of MP analyses in soils is limited, there is
no single publication that analyses NP in soils. The lack of NP
research is mostly due to the fact that the analytical techniques
appliedtoMPresearch(e.g.FTIRandRamanspectroscopy)donot
work for nanoscale particles, and that other methods established
for nanoparticles (e.g. transmission electron microscopy) cannot
distinguish plastic from natural soil organic matter. We have

recently begun testing the use of scanning transmission X-ray
microscopy (STXM) to analyze NP in soils. The STXM method
can display NP with a resolution of about 30 nm and identify the
plastics via near edge X-ray absorption fine spectra (NEXAFS)
at the carbon K-edge.

MP and NP particles in soils can be analyzed by wet
chemical sample preparation, FTIR microscopy and STXM
to investigate their occurrence and fate in the environment.

Received: October 12, 2018
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Filter with particles <1 mm from a Swiss
floodplain soil with FTIR spectra of a particle from
the soil (in red) and of polystyrene from a polymer
database (in blue). Size of the filter = 13 mm.

STXM image of polystyrene fibers recorded at
320 eV and corresponding NEXAFS spectra from
270–350 eV. Scale bar = 1 µm.

Sieve with particles >1 mm from Swiss floodplain
soils. Many of the particles are plastics, as
confirmed by ATR-FTIR spectroscopy.



Columns CHIMIA 2019, 73, No. 1/2 91

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, Unterstrasse 58, CH-9000 St.Gallen
Tel.: +41 71 222 16 81, E-mail: VRMeyer@bluewin.ch

doi:10.2533/chimia.2019.91 Chimia 73 (2019) 91 © Swiss Chemical Society

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

Hazardous Plastics in Swiss Lakes?
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The accumulation and impacts of plastic litter in marine
environments has received extensive attention over the past
decade. In contrast, littering in the freshwater environment has
received relatively little study, despite the presence of plastics on
the shores and beds of lakes and suspended in the lentic water
column that are likely to pose the same problems to wildlife
as marine plastics. Regardless of the type of water system,
the majority of research in this area has targeted the presence
of plastics themselves and, sometimes, their accumulation of
persistent organic micropollutants (e.g. PCBs, PAHs). Only very
recently attention has been paid to the occurrence of chemical
elements, like metals, metalloids and halogens, that are either
adsorbed to the plastic surface or incorporated into the polymer
itself as an additive.

Following initial work on beached marine plastics,[1] we
have turned our attention to the presence of chemical elements
in plastics on lake beaches.[2] The sampling and measuring
workflow is illustrated in the Figure. The plastic stock was
collected from the shores of Lake Geneva and consisted of pieces
or blocks of expanded polymer (polystyrene or polyurethane
foam), identifiable primary objects of various size and color
(e.g. bottles, bottle tops, cotton buds, pens, toys, straws) and an
heterogeneous assortment of secondary fragments whose origin
was either discernible or unknown. Several hundred samples
were analyzed by energy-dispersive portable X-ray fluorescence
(XRF) spectrometry, a technique that is perfectly adapted to
this type of study because of its non-destructive nature and high
throughput capacity. Significantly, the results revealed high
concentrations of hazardous elements or compounds amongmany
of the plastics analyzed; specifically, Cd, Hg, Sb, Pb and Br were
frequently detected with maximum concentrations of 6760, 810,
27.100, 23.500 and 27.400 ppm, respectively. The abundance of
hazardous elements in beached plastics that have been restricted
or banned point to a high residence time of the plastic stock
in lakes. The migratability of hazardous elements from the
polymeric matrix is likely to determine their environmental
impacts and is recommended as a future area of research.

Received: November 26, 2018
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Workflow of the study in Lake Geneva, Switzerland, showing samples
with high Hg contents.
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Piperine Analogs as Modulators of the Central
Nervous System
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Central nervous system-active drugs such as benzodiaze-
pines or the so-called Z-drugs act via an allosteric modulation of
GABA

A
receptors. However, these drugs have well-known side-

effects which largely result from their lack of GABA
A
receptor

subtype selectivity. Therefore, drug discovery efforts in this field
are directed towards identifying subtype-selective GABA

A
recep-

tor modulators to overcome the limitations of existing drugs. In
a library screening for GABA

A
modulatory natural products, we

identified some years ago piperine as a positive allosteric modu-
lator which interacted with a benzodiazepine-independent bind-
ing site, which was compliant with Lipinski’s rule of five, and
which showed in vivo activity in rodents. Given that piperine is
also an activator of TRPV1 (transient receptor potential vanilloid
type 1) receptors involved in pain signaling and thermoregula-
tion, systematic structural modifications of the parent structure

were carried out in several cycles of optimization, aiming at sepa-
rating GABA

A
modulatory from TRPV1 activity.

To guide further structural modifications, biopharmaceuti-
cal properties of selected compounds from three cycles of op-
timization were assessed. Using fit-for-purpose bioanalytical
UHPLC-MS/MS methods and UHPLC-QTOF-MS, we evaluat-
ed i) metabolic stability and metabolite formation in microsomal
incubations, ii) performed CYP450 (cytochrome P450) reaction
phenotyping in Silensomes, and iii) determined unbound fraction
in whole blood using rapid equilibrium dialysis.

Piperine analogs (SCT-29, LAU 397, and LAU 399) were
rapidly metabolized, with a significant contribution of the highly
polymorphic CYP2C9 (which would lead to a highly varying
drug response between individuals) and showed strong binding
to blood constituents (which in turn would result in a low hepatic
extraction ratio).

Therefore, the next cycle of medicinal chemistry optimi-
zation focuses on lowering lipophilicity, in order to decrease
metabolic liabilities and extensive protein binding.

Received: January 4, 2019

Reference
V. Zabela, T. Hettich, G. Schlotterbeck, L. Wimmer, M. O. Mihovilovic, F.
Guillet, B. Bouaita, B. Shevchenko, M. Hamburger, M. Oufir, J. Chromatogr. B
2018, 1072, 379.

Drug-like properties optimization of piperine (from Piper nigrum) and
analogs as GABAA receptor modulators using various drug metabolism
and pharmacokinetics assays.

Chemical structures of piperine and selected analogs from three cycles
of optimization.
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Revealing Pre-analytical Pitfalls in Concentration
Determination of Peptides by Quantification of Amino
Acid Fluorescence
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Synthetic peptides are important for drug discovery and have
been identified as hit and lead compounds. There is a growing
interest in developing simple, fast and accurate analytical assays
for the quantification of peptides and proteins in the early drug
discovery process. Most peptides are purified by reversed phase
(RP)-HPLC by using an acidic modifier such as formic acid, ace-
tic acid or trifluoroacetic acid (TFA). The peptides form salts
with the acidic modifier, which binds specifically to free NH

2
termini and to the side chains of exposed basic residues. Given
the molecular weight of the TFA molecule (114 Da), the associa-
tion of a single molecule to a peptide of 500 Da would increase
the formula weight by more than 20%. The evaluation of the
concentration of the peptides prior to biological activity testing
is therefore crucial to avoid a source of error in concentration-
dependent biological activity assays. However, the question is
which molecular weight – either of the formed salts resulting
from the purification process or the neutral form – is used for
the calculation. Furthermore, other pre-analytical pitfalls such
as weighing errors, pipetting performance or solubility issues
can lead to false interpretation of the activity data. An analyti-
cal approach which allows to identify pre-analytical differences
between the nominal and actual concentration is needed.

Therefore an easy, accurate and broadly applicable HPLC-
fluorescence-detection method for the quantitative determination
of the aromatic amino acids (AAA) tyrosine (Tyr), phenylalanine
(Phe) and tryptophan (Trp) using an isocratic elution was devel-
oped and validated. The peptides are hydrolyzed under heated
and acidic conditions to yield the monomeric AAAs. To prevent
the AAAs from oxidative decomposition, cysteine as protective
agent is applied. The separation of the three AAAs and the in-
ternal standard was performed using ion-pair chromatography.
The AAAs and the internal standard anthranilic acid are clearly
separated. The power of the method was confirmed by the correct

quantification of a protein reference standard to 98.6% over all
fluorescence traces.

Interestingly, for a peptide which contains five basic AAs,
the method yielded an 85% lower concentration than expected.
The observed value was confirmed independently on Tyr and Trp
traces. Considering five TFA counter ions, one would expect only
a 40% lower amount of the indicated concentration.We speculate
that the observed lower amount resulted from other impurities
like fluorescent or UV-inactive organic species or residual sol-
vents. The presented method requires only a few pre-analytical
steps and can be implemented with standard laboratory equip-
ment. Furthermore, only one solution is needed to perform quan-
tification, UV-purity tests, and subsequent activity testing.

The developed fluorescence-basedmethod is able to quan-
tify peptides and proteins and is applied to determine accu-
rately the concentration of peptides to limit the risk of erro-
neous activity data in drug discovery projects.

Reference
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Salt formation, weighing errors, pipetting errors or solubility issues can
lead to false declaration of peptide concentration. After chemical cleav-
age, the actual concentration of peptides can be determined by quanti-
fication of amino acid fluorescence.
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Sophie Bravo-Veyrat and Gérard Hopfgartner*
*Correspondence: Prof. Dr. G. Hopfgartner, University of Geneva, Life Sciences 
Mass Spectrometry, Department of Inorganic and Analytical Chemistry,  
24 Quai Ernest-Ansermet, CH-1211 Genève 4, E-mail: gerard.hopfgartner@unige.ch

Keywords: Blood · Differential mobility spectrometry · MRM · 
Quantification · Trap/Elute LC 

During the 42 days of legal storage of blood bags, red blood 
cells can be altered due to an increase of oxidative stress de-
grading blood quality prior to transfusion. Oxidative stress can 
be measured by the ratio between the accurate concentrations of 
reduced and oxidized glutathione (respectively GSH and GSSG). 

Quantitative liquid chromatography coupled to multiple reaction 
monitoring mass spectrometry (LC-MRM/MS) is the current 
gold standard for quantitative bioanalysis, and different assays 
have been reported for the quantification of GSH and GSSG. 
However, analysis times of 5 to 10 minutes limit their application 
for high-throughput analysis. Flow-injection analysis in MRM 
is not an alternative as matrix effects during ionization alter the 
limit of quantification, and non-separated endogenous analytes 
affect the selectivity of the assay. A decrease of analytical time 
while maintaining good precision and accuracy passes by the 
shortening of the column length. Replacing a 50 mm Hypercarb 
column for a 10 mm C18 column (short LC) gives a 1-minute 
runtime but inaccurate and non-precise quantitative results. As 
blood cannot be injected directly into an LC column a protein 

precipitation (PP) step is mandatory. The use of organic solvent 
would require an additional evaporation/reconstitution step. 
Perchloric acid is an efficient PP agent and allows to inject a large 
volume onto a trapping column. In the present work a short LC 
column was used in trap/elute mode, with an in-line front flush 
preconcentration performed with ion-pairing trifluoroacetic acid. 
MS sensitivity was improved by backflush elution with formic 
acid. One-dimensional separation with the short LC column al-
lowed to control suppression effects but selectivity was still lack-
ing for GSH and GSSG. Modifier-assisted differential mobility 
spectrometry (DMS) was added as a second dimension of separa-
tion without compromising analysis time. This ‘in-space’ sepa-
ration of GSH and GSSG, based on their compensation voltage 
(CoV) in the DMS cell, was tuned with the addition of modifiers. 
Thereby, the best resolution was obtained with ethanol, allowing 
to separate GSH and GSSG with different CoV values. With this 
2D separation, oxidative stress could be measured in 10 human 
donors in 1.5 min per sample with accuracy and precision. 

This generic approach combining perchloric protein pre-
cipitation, multidimensional trap/elute short LC column, and 
differential mobility spectrometry with MS detection is an 
alternative to LC for high-throughput bioanalysis with the 
capability to quantify 400 samples in 10 hours.
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Chlorinated paraffins (CPs) are industrial chemicals with a
production volume ofmore than 1million tons per year. Technical
CPs are complex mixtures of thousands of isomers, covering a
range of carbon chain lengths (C

10
–C

30
) and degrees of chlorina-

tion (30–70% Cl by mass). They are applied in plastic consumer
products as plasticizers or flame retardants. In 2017, short-chain
chlorinated paraffins (SCCPs, C

10
–C

13
) were listed under the UN

Stockholm Convention on Persistent Organic Pollutants (POPs)
for global elimination. Accordingly, acceptable SCCP levels in
consumer products have been recently lowered to 0.15% by mass
(EU and Switzerland).

Mass spectrometry is the method of choice to analyze CPs.
Due to high degrees of chlorination, CPs have many isotopo-
logues (35Cl, 37Cl) resulting in broad isotope clusters that over-
lap for different CP homologues. If mass resolution is low
(R < 7,000), these clusters interfere, which impedes a correct
quantification of CPs. We could show that high-resolution mass
spectrometry (HRMS, R > 100,000) is required to resolve mass
interferences of (a) different CP homologues, (b) transformation

products (e.g. chlorinated olefins), (c) other chlorinated organic
compounds (e.g. polychlorinated biphenyls), and (d) fragment
ions formed in the ion source. If mass resolution is insufficient,
mathematical deconvolution procedures can be applied to derive
non-interfered data.

In a pilot study, we tested whether SCCP levels in selected
plastic consumer products are below the limit of 0.15%. Samples
were cut and extractedwith solvent (dichloromethane). Processed
extracts were analyzed using HRMS. SCCP levels ranged be-
tween 1% and 4.4%. Hence, the tested plastic products exceeded
the legal limit by 7 to 29 times. Many plastic products are im-
ported from countries that do not have legal limits for SCCPs.
Monitoring of SCCPs in imported goods is therefore an impor-
tant but challenging task. High-resolution mass spectrometry
is the preferred tool for the accurate quantification of SCCP
levels in consumer products and other samples.
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CPs are applied as plasticizers or flame retardants in various plastic
consumer products.

Mass spectrum of a SCCP mixture. Chloride-adducts [M+Cl]ˉ are forced
under the given ionization conditions. Isotope clusters of different CP
homologues overlap and interfere in case of insufficient mass resolution
(R), but can be resolved with HRMS.
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Nuclear magnetic resonance (NMR) allows, among many
other applications, for non-invasive studies of intact living entities.
In particular, NMR is successfully employed for imaging and to
obtain detailed information on the chemical composition of large
living animals. NMR experiments at the volume-scale of single mi-
croorganisms and single cells are hindered by the limited sensitivity
of the detector and the difficulties in positioning such small samples
in proximity of the detector. Many interesting biological entities
(e.g. the human ovum and those of other mammalians) have typi-
cal volumes below 1 nL. Commercial NMR probes have a too low
sensitivity for the investigation of such small important entities.

Recently, we introduced an innovative generation of NMR
probes, based on the combination of single-chip CMOS integrated

electronics together with high-resolution 3D printed microfluidic
structures. The CMOS technology is used to implement miniatur-
ized probes, where a multilayer microcoil is co-integrated on the
same chip with the transceiver electronics. The microfluidic struc-
tures are fabricated using a two-photon polymerization 3D print-
ing technique having a resolution better than 1 µm3. The adopted
3D printing approach allows to fabricate complex microfluidic
structures tailored to position and feed biological samples in the
most sensitive region of the CMOS-integrated microcoil. Using
a probe having a sensing volume of 200 pL and a sensitivity of
2×1013 spins/Hz1/2, we demonstrated direct reading of endogenous
compounds in sub-nL eggs of microorganisms and in sub-sections
of worms. In the figures we report spectra of body sections and
eggs of small animals (which show differences among species and
heterogeneities among individuals) and of a test liquid solution
(which demonstrates a spectral resolution of 2 Hz). The proposed
combination of CMOS and 3D printing technologies achieves
state-of-the-art sensitivity for the NMR studies of nanoliter
and subnanoliter living biological entities.
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Fig. 1. (a) Single-chip CMOS transceiver with co-integrated microcoil, and (b) assembled with a 3D printed microchannel. (c) 1H NMR spectrum of a
single tardigrade ovum, belonging to Richtersius coronifer (Rc), in H2O. (d) 1H NMR spectrum of an intact Caenorhabditis elegans worm subsection
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tode Heligmosomoides polygyrus bakeri (Hp)). (g)1H NMR spectra of eight, visually identical, Rc ova in D2O.
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Micropollutants such as residues of pharmaceuticals, ingredi-
ents of products for daily use or plant protection products (PPP) 
occur in the aquatic environment in concentrations of microgram 
to nanogram per liter. Some of them can be harmful for water or-
ganisms even at such low concentrations. Micropollutants enter 
the water bodies either by discharge of wastewater, as so-called 
point sources, or as diffuse entrances directly from the site of 
application into the water, e.g. by run-off of PPPs. Major rivers 
are mainly affected by point sources from urban wastewater, with 
pollution increasing the higher the percentage of wastewater. Due 
to the large water amounts, these micropollutants are diluted to 
lower concentrations, thus reducing the ecotoxicological risk for 
water organisms. But the high load of micropollutants in these 
major waters is a matter of concern. Diffuse inputs account quan-
titatively less than point sources. But since they affect all sizes 
of water bodies, especially in small rivers and lakes, they are 
often responsible for enhanced concentrations. In these cases, 
the associated risk increases with the intensity of land use in the 

catchment area. The main source for diffuse inputs is agriculture, 
especially the use of PPPs. It is therefore not surprising that peaks 
of high concentrations of critical substances are found mainly 
during the application period.

Micropollutants, especially if they are persistent and mobile, 
are also found in groundwater aquifers. Concentrations are usu-
ally very low and mostly non-hazardous for humans and animals. 
However, these micropollutants in the groundwater lead to a po-
tential contamination of our drinking water. For precautionary 
reasons we should strive to keep this important resource free of 
impurities. Besides, groundwater aquifers tend to being inert and 
having a long lasting memory. It will take ages to decades for 
showing improvements, even if measures are implemented today.

Micropollutants are ubiquitous in Bernese Waters and 
can be detected in running waters, in lakes, and in groundwa-
ter. Pollution increases with population density and intensity 
of agricultural activities in the catchment area. For precau-
tionary reasons, especially water bodies being used for the 
production of drinking water deserve special protection.
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Micropollutants in the river Aare at six downstream measuring points 
with increasing population density and intensity of agricultural activi-
ties in the catchment area. The concentrations are not critical for water 
organisms, but the load at Murgenthal (top right) of 16.2 kg micropollut-
ants per day is very high.

Micropollutants in the Wolferbach, a tributary to a small lake in a  
rural area, show concentration peaks at the beginning of May, a period 
that correlates well with the application time of PPPs. This results in a 
strong risk for water organisms.
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Fat-soluble vitamins are essential to maintain metabolic func-
tions in humans and other species. Vitamin A is vital to maintain 
normal vision and healthy skin. Vitamin E’s primary action in 
the human body is the protection of the cellular membranes from 
oxidation. Vitamin D is required to maintain healthy bones and 
muscles. Vitamin K plays an important role in blood coagulation. 

Fat-soluble vitamins, due to their physicochemical proper-
ties, are frequently extracted from the food matrix using large 
volumes of organic solvents. The different compounds are then 
analyzed using liquid chromatography, most of the times in 
normal-phase mode using organic solvents as the main mobile 
phase.

Supercritical Fluid Chromatography (SFC) uses a fluid in 
supercritical condition as mobile phase. Different fluids have 
been historically used, which presented several health, safety, 
and environmental concerns. In the past decades, SFC has 
evolved into modern SFC, based on the use of CO

2
, with en-

hanced safety and environmental advantages. CO
2
 is safe and 

nontoxic. Additionally, when compared to liquid chromatogra-
phy, SFC separations are faster and provide sharper peaks and 
improved resolution.

A new method for the analysis of fat-soluble vitamins using 
SFC-MS/MS was developed aiming to decrease the use of or-
ganic solvents. The extraction solvents used are aqueous papain 
solution, methanol, and isooctane. The extraction procedure al-
lows the simultaneous isolation of vitamin A (as retinyl acetate, 
palmitate or retinol), vitamin E (as α-tocopherol or α-tocopheryl 
acetate), vitamin K (as phylloquinone or menaquinone-4) and 
vitamin D (cholecalciferol and ergocalciferol). The method is 
successfully applied in daily routine work.

The application of supercritical fluid chromatography 
coupled to mass spectrometry allows the simultaneous anal-
ysis of fat-soluble vitamins in foods. The method shows en-
hanced safety and reduced cost as compared with previous 
methodologies. Its application in control laboratories dra-
matically increases sample throughput and reduces solvent 
consumption.
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Fat-soluble vitamins are essential to maintain health. Vitamin A (retinol) 
is found in eggs, milk and meat. Vitamin E (α-tocopherol) is naturally 
present in oils and nuts. Vitamin K (phylloquinone) can be found in leafy 
greens and oils, while vitamin D (calciferol) in the diet originates mainly 
from eggs and milk.
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Microfluidic paper-based analytical devices (µPAD) have been 
introduced as simpler variants of lab-on-a-chip (LOC) devices, 
aiming at point-of-care (POC) diagnostics of various analytes. 
While colorimetric detection is a promising signal output princi-
ple, it has difficulty meeting the requirements of the World Health 
Organization and associated feasibility of commercialization.

This work describes µPADs for the equipment-free detection 
of K+ in a 10 µL serum sample where K+ concentration is trans-
lated to a distance-based signal. This goal is achieved by separat-
ing recognition and detection steps. The recognition part uses an 
ion-selective film solvent-cast into a glass capillary. This coating 
contains a charged dye, thioflavin T (ThT+), along with the K+ 
ionophore valinomycin. Once a 10 µL sample volume is aspi-
rated into the capillary by a commercial pipette, K+ in the sample 
is allowed to be exhaustively exchanged with ThT+, thereby re-
leasing a quantity of ThT+ that reflects the original amount of K+. 
To allow for a distance-based detection, this ThT+ is discharged 
into a paper channel defined by hydrophobic wax barriers. As the 
sample flows, ThT+ binds electrostatically to anionic function-
alities of the cellulose substrate, which is further enhanced by a 
polyanionic coating. Higher amounts of K+ translate into a higher 
quantity of ThT+, in turn resulting in an increased distance of the 
perceivable color band on the µPAD.

The exhaustive depletion of K+ makes it possible to detect K+ 
with high sensitivity in a narrow concentration range, suitable for 

serum diagnostics (3.5~5 mM). In comparison with traditional 
ion optodes, this readout principle does not depend on the sample 
pH and gives a more sensitive response while maintaining a high 
selectivity. The distance-based readout is more robust than colo-
rimetric detection, which is notoriously difficult to quantify, and 
does not require any readout equipment. This device principle 
may pave the way for the practical realization of µPADs for 
the detection of ions.
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Apply a drop of serum through a special capillary into a paper channel 
and get the result!
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In 1904, Marshall Barber reported about the invention of 
glass micropipettes for bacterial isolation and inoculation. A 
century afterward, glass pipettes are a standard tool for single-
cell manipulation. As they are rigid, the technical challenge is 
to implement a feedback to enable a controlled and thus gentle 
approach onto a cell. 

We established a microfabrication process to produce atomic 
force microscopy (AFM) cantilevers with an embedded micro-
channel in order to take advantage of the force feedback. They are 
bendable because they are entirely made of the resin SU-8. With 
these devices, we are able to determine the adhesion force of hun-
dreds of yeast cells on glass and chemically coated glass enlarg-
ing the statistical relevance of such experiments. The tough issue 
was to find the right material compatible with the SU-8 process-
ing as sacrificial layer for the formation of the microchannel. We 
used an electrochemically deposited copper film which allows 
for a flexible choice of its thickness up to tens of micrometers. 
In this way, we can load the probe with a solution containing live 
cells and utilize it as a tool to pattern single-cells on a substrate 
with micrometric precision. We defined two main protocols: the 
direct deposition (additive patterning) and the selective removal 
of cells (subtractive patterning). Cells can be placed in elasto-
meric wells and on flat adhesive surfaces by physical confine-
ment and mechanical squeezing upon application of a positive 
pressure. On the other hand, detachment and removal of chosen 
cells from a cell layer is achieved by exerting a negative pressure 
depending on the chemical functionalization of the substrate (ad-
hesive or repulsive). In this way, we realized complex networks 
of neurons that could be tracked after several days. Such patterns 
can be eventually adjusted by subsequent in situ deposition or 
removal of mature cells. They represent the first milestone for the 
bottom-up approach of engineering neuronal circuits with con-
trolled topology to investigate basic mechanisms in neuroscience 
such as signal transmission and neurocomputation. 

Our sideways microfabrication scheme offers the possibility 
of designing various types of cantilevers with different shapes 

and lengths within a single wafer. We are now envisaging the 
fabrication of AFM SU-8 pipettes with embedded self-sensing 
aiming at a system with several micropipettes, each one having a 
different task and thus driven independently, for applications not 
only in sequential single-cell manipulation but in multimaterial 
3D printing.
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A) Subtractive patterning of primary hippocampal neurons on pre-
patterned surfaces: Neurons before and B) after removing the un-
wanted cells from the pattern. By 12 days in vitro, neuronal processes 
originating from the cells on the left side of the smiley closed the loop 
by following the pattern. C) SEM image of a side-view SU-8 micropi-
pette with a 500-µm long tip. D) Superposition of a bright field optical 
image and of the corresponding fluorescent one showing a pipette ap-
proached onto the selected neuron in matrigel for the isolation process 
(the blue arrow indicates the rectangular probe apex).
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Recognition of global mercury (Hg) pollution has prompt-
ed research and policy development that led to the 2013 UN’s 
Minamata Convention aiming to reduce human exposure to this 
neurotoxin. 

Soil plays a key role in the global cycle of Hg. The bioavail-
ability of soil Hg, and consequently its potential health risks, are 
a function of its reactivity. Traditionally, the reactive fraction of 
soil Hg has been determined by chemical extraction; however, 
extraction methods are prone to many inaccuracies resulting from 
the enforced release of solid-phase Hg to the extraction solution. 

Stable isotope dilution (SID) has recently become the most 
promising approach to estimate the reactivity of soil metals due 
to the greater availability and abilities of Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS). However, the logistical 
and analytical complexities resulting from the multiple stable 
isotopes and chemical forms of Hg has made it very challenging 
to apply SID on Hg.

We have developed, for the first time, a SID protocol to quanti-
fy Hg lability (Hg-E) in soils using enriched 199Hg (spike isotope) 
and 202Hg (reference isotope). Application of the developed pro-
tocol on soil samples collected from Visp, Switzerland, delivered 
novel knowledge in comparison to the conventional extraction 
methods. The reactive Hg pools estimated by CH

3
COONH

4
 and 

MgCl
2
 extractions were considerably lower than the Hg-E values. 

However, the limited range of Hg-E (12–25% of total Hg), as 
opposed to the wide range of total Hg concentrations (0.37–310 
mg kg–1), demonstrated the capability of soils to stabilise large 
amounts of Hg, and therefore diminishing the risks of Hg transfer 
to humans and animals. 

The temporal change in the solubility of newly added Hg 
to soils was also followed and modelled using trace levels of 
196Hg+2 spikes. The very low natural abundance of 196Hg (0.15%) 
rendered it a perfect candidate to study the reactivity of Hg in 
soil under almost natural conditions. Kinetic simulations of the 
obtained results predicted that in organic-rich soils Hg is immo-
bilised within minutes of contact, whereas in alkaline arid soils 
Hg may remain reactive for many years.

Our investigations demonstrated the viability and versa-
tility of stable isotope dilution methods to study and predict 
the fate of Hg in soil and to assess its potential risks with high 
precision and with minimum disturbance to the natural soil 
equilibrium. 

Received: December 9, 2019
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Isotopic dilution procedure.

0

20

40

60

80

100

0 5 10 15 20 25 30 35 40 45

Hg in
Soil

Solution
(%)

Time (days)

• Short Term Sorption
• Seconds - Minutes
• Chemical Reaction with

Organic Matter
• Long Term Sorption
• Days – Months
• Diffusion and Transport

1% Organic Carbon

2% Organic Carbon

4% Organic Carbon

Highlights of Analytical Sciences
Huang Fig 2

for CHIMIA 1-2 2020

Temporal reduction in the solution phase concentration of Hg added to 
soil microcosms. The sorption kinetics of Hg were modelled using a pa-
rameterized Elovich expression fitted to the experimental data of 196Hg+2 
sorption in soils with different properties. Modelled lines are displayed 
for a range of soil organic carbon values at a fixed pH of 4.4.
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Autologous cell and gene therapies, such as the Chimeric 
Antigen Receptor Therapy (CAR-T), use the patient’s own im-
mune system to fight certain types of cancers. A patient’s T cells 
are reprogrammed with a viral vector to express a transgene re-
ceptor, CAR, enabling them to destroy the cancer cells which 
express a particular antigen: B cells expressing CD19 (Cluster of 
Differentiation 19). 

Leukapheresis material is collected and cryopreserved at the 
clinical site and then sent to the manufacturing facility where the 
enrichment and activation is taking place, making use of CD3/
CD28 antibody-coated beads before T cell transduction with a 
lentiviral vector for genetic reprogramming. T cell expansion is 
the next step before bead removal, formulation and cryopreserva-
tion. Then, the cells are shipped back to the clinical site and the 
administration is taking place. In the patient, the antigen-binding 
domain recognizes CD19 on B cells. The CD3-zeta signaling do-
main initiates T cell activation and mediates antitumor activity.

The quality control of such a therapy is very specific and ‘cus-
tomized’, with biological/molecular methodologies being essen-
tial. For Identity testing, a Polymerase Chain Reaction (PCR) 
based test confirms the presence of the CAR transgene. Safety 
testing is key, to confirm there is no microbiological contami-

nation and no residual virus DNA in the final product. Tested 
parameters are: bacterial endotoxins, sterility, mycoplasma, and 
determination of virus DNA by quantitative PCR. Purity testing 
includes cellular phenotyping by flow cytometry testing for vi-
able T-cell percentage, transduction efficiency tested by CAR, 
quantitative PCR and cell viability test. For Impurity testing, 
residual beads are tested by microscopy, and CD19 B-cells are 
determined by flow cytometry. For Quantity, the cell count is 
measured and used together with the purity analysis to calcu-
late viable cell number and dose.  Finally, for Potency, CAR-
expression by flow cytometry and release of IFNγ in response to 
CD19-expressing target cells is determined. 

The laboratories for the execution of quantitative PCR test 
methods and the rooms for the cell-based assays are to be clearly 
separated from each other to avoid cross-contamination. Stability 
is necessary to assure the shelf life of the product. In addition, an 
important point to consider is the stability of samples and critical 
analytical reagents in the laboratory. 

Cell and gene therapies offer the potential to transform 
medicine. Analytical tools and technology are key for ensur-
ing the quality of the treatment being produced. 

Definitions
T-cell: Type of lymphocyte that develops in the thymus gland.
B-cell: Type of white blood cell of the small lymphocyte subtype.
B-lymphocyte antigen CD19: Transmembrane protein encoded by the 
gene CD19.
The CD3 protein complex is composed of polypeptide chains. With the 
T-cell receptor (TCR) and the zeta chain, they form the TCR-CD3 com-
plex, used to activate T lymphocytes.
CD28 is one of the proteins expressed on T cells that provide co-stimu-
latory signals required for T cell activation.
IFNγ: Dimerized soluble cytokine that is the only member of the type II 
class of interferons. Interferon-γ is involved in inflammatory processes. 
It has antiviral, immunostimulating and anti-tumor properties.

Received: January 15, 2020

Cell and gene therapy cell processing at the manufacturing site.
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Mode of action: CAR-T cells express chimeric antigen receptors. VL, VH: 
light and heavy chain variable domain, respectively.



Columns� CHIMIA 2020, 74, No. 4  299

Can you show us your analytical highlight? 
Please contact: Dr. Veronika R. Meyer, Unterstrasse 58, CH-9000 St. Gallen  
Tel.: +41 71 222 16 81, E-mail: VRMeyer@bluewin.ch

doi:10.2533/chimia.2020.299 � Chimia 74 (2020) 299  © Swiss Chemical Society

Highlights of Analytical Sciences in Switzerland
 
Division of Analytical Sciences
A Division of the Swiss Chemical Society

Age and Provenance Analysis from Micrograms  
of Artwork Pigments

Stefan Kradolfer*a, Laura Hendriksb, Tiziana Lombardoc, 
Vera Hubertc, Markus Küffnerd, Narayan Khandekare, 
Irka Hajdasb, Bodo Hattendorfa, Arno Synalb, and Detlef 
Günthera

*Correspondence: S. Kradolfera, E-mail: stefan.kradolfer@inorg.chem.ethz.ch. 
aDepartment of Chemistry and Applied Biosciences, ETH Zurich,  
Vladimir-Prelog-Weg 1, CH-8093 Zurich; bDepartment of Physics,  
ETH Zurich, Otto-Stern-Weg 5, CH-8093 Zurich; cLaboratory for Conservation 
Research, Collection Centre, Swiss National Museum, Lindenmoosstrasse 
1, CH-8910 Affoltern am Albis; dSwiss Institute for Art Research (SIK-ISEA), 
Zollikerstrasse 32, CH-8008 Zurich; eStraus Center for Conservation and Technical 
Studies, Harvard Art Museums, 32 Quincy Street Cambridge, MA 02138, USA

Keywords: 14C-dating · AMS · Art · Lead isotopes ·  
MC-ICPMS · Paintings

Generally, it is possible to make a lot of money in the business 
of selling art, and art forgery is a direct consequence. However, 
no art buyer wants to be fooled, thus in the puzzle of artwork 
authentication the demand for scientific evaluation is continu-
ously rising. Isotopic analysis is a very promising approach to 
tackle these problems by providing insights into the age and the 
provenance of specific materials. In this study, we focused on 
lead white (2PbCO

3
 · Pb(OH)

2
), a widely used pigment from 

ancient times up till the middle of the 20th century. Accelerator 
mass spectrometry (AMS) allows us to measure the 14C age of 
the pigment carbonate anion, while multi-collector inductively 
coupled plasma mass spectrometry (MC-ICPMS) yields highly 

precise lead isotope ratios for a geographical classification, as 
shown by Fortunato et al. This study had only become possible 
due to recent advances in AMS allowing accurate age determina-
tion from µg-levels of carbonate – hereby allowing to minimize 
the sample size. 

Twenty paintings with signed dates covering the 17th up to the 
20th century, originating either from Switzerland or Great Britain, 
were investigated. Sample amounts ranging from a few hundred 
µg’s to a maximum of 1.5 mg allowed the Pb isotope ratios of 
the carbonates as well as the corresponding 14C ages of both the 
carbonates and the oil binders to be determined. The results of 
all paintings, except one, allowed the conclusion that the used 
pigment was produced following a traditional production process 
incorporating atmospheric CO

2
 and allowed to give a time range 

for the production of the used pigment. The lead isotope measure-
ments showed no clear distinction between the artworks’ origins 
but corresponded to lead ore deposits located in Europe. In con-
clusion, these results illustrate the great potential of combin-
ing isotope analyses from a minute piece of lead white in the 
mg-range, allowing for insights into its age and provenance. 

Received: January 28, 2020
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Lead white samples are taken directly from paintings and further analyzed by AMS (radiocarbon age) and by MC-ICPMS (lead isotope signature). 
The 14C  ages allow conclusions to be drawn about the production process of the pigment and give a time-range of its production. The lead isotope 
signatures are used for geographical classification and are in agreement with European ore sources. 
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Azo dyes are best suited for coloring textiles, however, they 
have the disadvantage of the potential occurrence of aromatic 
amines (AAs) used in the manufacturing process of these col-
ors. AAs can be released upon physical skin contact through 
skin bacteria by wearing textiles. Due to their carcinogenic and 
mutagenic characteristics, 22 of these AAs are regulated by the 
European Union (REACH regulation). The regulated amines may 
be emitted by reductive cleavage of the textiles with a maximum 
of 30  mg kg−1. A normalized test method used in laboratories 
worldwide to determine these amines is the DIN EN 14362-1.

The most powerful method to determine the AAs is HPLC-
MS/MS. Unfortunately, some of these amines (e.g. toluidine) have 
different isomers that can lead to false-positive findings. These 
isomers cannot be separated by mass spectrometry, however, so 
the chromatography parameters had to be optimized. Choosing 
a modern stationary phase with a biphenyl modification, the in-
teraction with the aromatic functional group of the amines works 
best. By finding the optimal pH conditions at 3.5, the isomers can 
be baseline separated. To enhance the sensitivity of some amines, 
e.g. o-toluidine, a post-column addition with formic acid is used. 
In addition, more amines suspected as carcinogenic or mutagenic 
were implemented in the analytical method. For better identifica-
tion and differentiation of all 58 amines, a combination of reten-
tion times, MRM-transitions, ion ratios and enhanced product ion 
scans (EPI) showed excellent information. The linearity of the 

system was tested with eight points. The very good regression 
coefficient (>0.99) allowed calibration of the system with only 
one point. The method was completely validated and presented 
excellent quantitative performance.

Finally, the described method was applied on 150 different 
textile samples from local stores. The results show that about 
50% of the samples contain one or even more AAs, but only in 
three samples regulated amines were found. The study shows 
that even more amines than the 22 regulated are present in tex-
tiles. The developed method is a powerful tool to differenti-
ate important positional isomers from regulated AAs and to 
analyze additional, non-regulated AAs of interest.
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Textiles with different colors and fibers were analyzed.
Positional isomers of toluidine and diaminotoluene are separated by 
chromatography at pH 3.5.
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Pesticides, including herbicides, fungicides and insecticides, 
are frequently found in surface waters in agricultural areas, where 
these bioactive substances can pose a threat to the aquatic eco-
system. In particular, pyrethroid and organophosphate insecti-
cides can be detrimental to aquatic organisms already in the pg/l 
range. Only recently, a quantitative analytical method able to 
reach these very low, but ecotoxicologically relevant concentra-
tion ranges has been developed[1] in consultation with the Swiss 
intercantonal laboratory group ‘Task-Force Pyrethroids’.[2]

To determine the dissolved and particulate-bound pyrethroid 
and organophosphate insecticide concentrations, unfiltered water 
samples were extracted by liquid–liquid extraction using n-hexane 
up to an enrichment factor of 4000. Gas chromatography coupled 
to tandem mass spectrometry by means of chemical ionization 
under atmospheric pressure was used for ultrasensitive (pg/l) de-
tection of these insecticides. With this approach, method limits of 
quantification (MLOQ) between 2.5 and 125 pg/l were achieved, 
thus reaching chronic environmental quality standards (AA-EQS) 
for pyrethroids and organophosphates for the first time. Using this 
method, concentrations of these insecticides were determined in 
six small- to mid-sized Swiss streams with agricultural land use 
from mid March to the beginning of October 2018. A total of 84 
two-week time proportional composite samples were analyzed.

The concentrations of the individual insecticides with positive 
detection ranged between 6 and 77000 pg/l, with a median value 
of 110 pg/l. Acute environmental quality standards (MAC-EQS) 
were exceeded for 5 out of the 18 investigated insecticides, whereas 
AA-EQS were exceeded for 6 out of the 18 investigated insecticides. 
At least one MAC-EQS was exceeded in 15% of the samples and 
at least one AA-EQS was exceeded in 55% of the samples. These 
results indicate at times unsatisfactory water quality in the six 
investigated Swiss streams, as the measured pyrethroid and or-
ganophosphate concentrations pose a risk to invertebrates, the 
most vulnerable aquatic organism group to these insecticides. 

Received: March 30, 2020
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The combination of gas chromatography (GC) with chemical ionization 
under atmospheric pressure (APCI) and tandem mass spectrometry 
(MS/MS) allows for ultrasensitive quantification (pg/l) of insecticides. 
Photos: Alessandro della Bella, Eawag.

Concentration ranges of positively 
detected pyrethroid and organo-
phosphate insecticides measured 
in two-week composite samples 
taken from six Swiss streams in 
2018. The method limits of quan-
tification (MLOQ; blue line) as well 
as chronic (AA-EQS; green triangle) 
and acute environmental quality 
standards (MAC-EQS; red asterisk) 
are indicated for each analyte. The 
numbers under the analyte names 
indicate in succession the number 
of composite samples analyzed 
(black) / number of detections 
(black) / number of detections > AA-
EQS (green) / number of detections 
> MAC-EQS (red). The achieved 
MLOQ slightly varied between ana-
lytical runs. Here illustrated are the 
lowest MLOQ observed.[3]
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Our research topics integrate innovative aspects and inventive
interdisciplinary approach at the boundaries between art conser-
vation and natural sciences, with the aim to act against corro-
sion on metal artefacts (i.e. sculptures, archaeological items) or
composite objects, such as painted metals. Thanks to advanced
chemical imaging techniques, we study interactions between
metals and their environment, and aspire to propose alternative
green approaches in metal conservation.

For example, the application of biopassivation processes
result in the formation of biogenic layers whose performances
are assessed through stratigraphy studies and ageing procedures.
Not only copper-based substrates are successfully treated but also
iron and modern alloys, such as zinc and aluminum.

In addition, extraction methods based on siderophores or
specific bacterial metabolisms are developed to remove iron or

sulfur species from archeological iron objects or waterlogged
wood with iron parts. Siderophores and sulfur-oxidizing bacte-
ria solubilize harmful Fe/S species without damaging the wood
structure. Also, iron-reducing bacteria are able to reduce iron(iii)
compounds and to form biogenic minerals.

Finally, fungal-induced translocation is applied to success-
fully remove rust, demonstrating high potential to develop bio-
cleaning methods for altered and tarnished surfaces from iron but
also copper and silver artworks.

In the case of painted metals, the use of spectral imaging
techniques allows to provide end-users with a non-destructive
diagnostic tool.

Applying the latest advances in chemical imaging and bio-
technology to conservative perspectives, significant steps are
achieved toward going beyond the boundaries and precon-
ceived ideas allowing to solve the complex and multifaceted
issues of heritage degradation.
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The electronic cigarette (e-cigarette) industry is a fast-grow-
ing industry, already representing a multi-billion-dollar market.
E-cigarettes deliver nicotine to the user through droplets generat-
ed from an e-liquid. E-cigarettes hence represent an alternative to
conventional tobacco products. The health impact of e-cigarettes
is still debated among scientists. Despite numerous studies on
e-cigarette droplets, certain aspects remain largely unexplored.

In this study, we addressed two key aspects of e-cigarette
droplets: the time evolution of their chemical composition and
the partitioning of their main constituents between the droplet
and gas phase. For this, in situ Raman scattering measurements
were performed on single e-cigarette droplets isolated in air by
using an optical trap. Thereby, we were able to measure the time
evolution of the concentrations of the main compounds in the
e-cigarette droplet phase separate from those in the gas phase.
The results demonstrated that the chemical composition of the
e-cigarette droplets undergoes major changes on a time scale of
a few to some 10 s. More than 50% of the total mass of the e-
cigarette droplets evaporates within 20 s. Moreover, the pH of the
e-liquid dictates the time evolution of the nicotine concentration
inside the generated e-cigarette droplets. When an e-liquid with
acidic pH is used, nicotine remains in the generated e-cigarette
droplets, while, under basic pH, nicotine completely evaporates
from the droplets within ~20 s.

Such destruction-free in situ measurements of single par-
ticles are opening up new perspectives for further research on
e-cigarette droplets and e-liquid manufacturing. The measured
partitioning of the main e-cigarette compounds between the
droplet and gas phase as a function of time will improve our
understanding of their deposition in the respiratory tracts
and hence of their impact on health.

Received: July 9, 2020
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The foreground graph of the figure shows the typical time evolution of
the propylene glycol (PG) concentration in e-cigarette droplets isolated
in air. Most of the PG in the droplets is evaporating within 20 s and its
concentration then stabilizes around 20%. The background shows a
person vaping an e-cigarette and the droplets generated from it.

Picture of the optical setup used for trapping single e-cigarette droplets.
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Beside colorful displays, flowers also attract pollinators by
using volatile chemicals. Since the invention of high-resolution
capillary gas chromatography, thousands of flower bouquets
have been analyzed chemically, with the insight that floral scent
is stunningly complex, with thousands of floral scent compounds
known today. But what are the functions of this chemical diver-
sity? Important advances in answering this question were gained
by the coupling of gas chromatography with electrophysiology,
enabling the screening of volatile blends for those compounds
that are actually detected by pollinators. This led to the discov-
ery of novel, pollinator-attracting compounds, and indirectly
showed that many floral chemicals have other functions, such
as anti-microbial or herbivore deterrence. Floral scent works in
combination with color, and often encodes highly specific sig-
nals, because plants usually emit chemically unique bouquets of
volatiles.

An example is the unusual floral scent compound 1,4-benzo-
quinone, specifically emitted, together with more common com-
pounds, by Echium flowers. This compound, which is known as
a deterrent compound in other insects, is used byHoplitis adunca
bees (viper’s bugloss mason bee) specialized on Echium (viper
bugloss) for pollen collection, together with the blue color of the
flowers, to reliably identify their host plants.

Floral scent also enables floral mimicry, the imitation of at-
tractive but deceptive signals.[1] Some flowers imitate the intra-
specific sexual signals of pollinators, and trick them into attempt-
ed copulations with the flowers, thereby enabling pollination.An
Australian orchid employs a unique compound, chiloglottone,
for such sexual mimicry. Upon its discovery in 2003, chiloglot-
tone represented a new class of natural products and its biosyn-
thesis is currently still unknown, but interestingly dependent on
UV-B light.[2]

An example for an ‘honest signal’ is the relatively common
compound phenylacetaldehyde, synthesized in plants from phe-
nylalanine. The amount of this compound is associated with the
volume of nectar available in flowers, and therefore encodes
information about the profitability of a given plant for pollina-
tors.[3] In conclusion, the combination of high resolution gas
chromatography with electrophysiological detection has led
to the identification of new, unexpected compounds and gave
new insights into the role of chemical signals in pollinator
attraction in general.
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Specificity in pollinator attraction through floral scent in Echium flow-
ers. The specialized bee Hoplitis adunca is attracted by the blue color
of the flowers from a distance, but uses the specific scent compound,
1,4-benzoquinone to identify its host plants at close range.

Sexual mimicry through floral scent in the Australian orchid genus
Chiloglottis. The pollinator of this orchid, the wasp Neozeleboria cryp-
toides, uses a single compound, 2-ethyl-5-propylcyclohexan-1,3-dione
(‘chiloglottone’), as sex pheromone. The females of this wasp are wing-
less and call with the pheromone for a male, which picks them up and
mates with them (photograph above). The orchid Chiloglottis trapezifor-
mis produces the same chemical to lure the males into attempted cop-
ulations with its flowers, leading to pollination (photograph below). The
figure shows gas chromatograms (FID, flame ionization detector) with
electroantennographic detection (EAD) using a male wasp antenna.
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Cryogenic electron microscopy (cryo-EM) enables the de-
termination of protein structures without crystallization using a
single particle analysis (SPA) approach. Unfortunately, classical
protein preparation strategies are a bottleneck in this workflow.
Furthermore, EM is rarely used as an analytical tool. Here we
present a modular, microfluidic toolchain called cryoWriter for
EM sample preparation. We will discuss (i) microfluidic protein
isolation coupled to EM specimen preparation for structure de-
termination, and, (ii) single-cell lysis connected to EM sample
preparation for the proteome-wide detection of structural rear-
rangement of protein complexes.

In SPA, a thin layer of isolated protein complexes in vitrified
ice is imaged. Only several thousand to a few million record-
ed particles are needed to calculate a high-resolution structure.
We show that this amount of protein can be prepared using our
microfluidic approach. We isolated the human proteasome 20S
from < 1 µL cell lysate using a combination of immuno extrac-
tion and photo elution.[1] The structures of all 14 subunits of the
proteasome 20S at 3.5 Å resolution are shown. Additionally, the
tobacco mosaic virus (TMV, added as resolution control) was
resolved at 1.9 Å.

The microfluidic EM sample preparation system can be di-
rectly combined with a single-cell lysis device. The cell is dis-
rupted by electroporation, and the cell content is aspirated into
the microcapillary and subsequently used for lossless EM grid
preparation.[2] Finally, the total cell lysate is imaged by EM. A
differential visual proteomics algorithm allows for the detection
of rearranged protein complexes on a proteome-wide scale.[3]
While this method is still in its infancy, we demonstrate the power
of microfluidic sample preparation combined with the single-
molecule detection limit of EM.

We show the application of microfluidic sample prepa-
ration methods for high-resolution structure determination
and single-cell nano analytics.
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Microfluidic protein isolation and sample preparation for high-resolution
cryo-EM.[1] A) Isolation of the human proteasome 20S from less than
1 µL cell lysate. Resolution at 3.5Å. An atomic model for all 14 subunits
was built. Antibody fragments (red arrowheads) were used for the isola-
tion of the endogenous protein. B) TMV. Resolution at 1.9 Å, note the
holes in the aromatic rings.

Single-cell lysis and lossless EM sample preparation for differential
visual proteomics.[2,3] A) Principles: (i) Single-cell lysis observed by light-
microscopy; aspiration of lysate into microcapillary. (ii) Conditioning
of the 3 to 5 nL lysate plug. (iii) Dispensing on EM sample-carrier. B)
Typical image of the cell lysate. Here, amyloid fragments (arrows) are
visible from a single neuron-like cell (scalebar: 500 nm).
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When S. Sørensen started to quantify solution acidity in 1909
by introducing the now ubiquitous concept of pH, he did so on the
basis of a potentiometricmeasurement cell. From theNernst equa-
tion this gives a change of the electromotive force that depends on
the logarithmic hydrogen ion activity. Because this earliest link
between pH and resulting potential has existed from the start, the
practical pH scale is still based on the output of a properly cali-
brated potentiometric pH probe. Today, glass electrodes measured
against a standardized reference electrode containing a 3M KCl
electrolyte in contact with the sample through a liquid junction are
most often used, but other electrode materials are also established.

Unfortunately, potentiometric probes give reproducibilities
on the order of mpH units and are therefore not adequate for
some applications where exquisite sensitivities are required. One
such example is the reliable monitoring of ocean acidification, an
anthropogenic problem of potentially enormous significance that
requires ultra-high resolution data. In the past 30 years, ocean pH
has decreased by 0.035 units, about 1.2 mpH per year or just 97
µpH per month. This is a difficult measurement science problem.

We have recently reported that pH measurements from po-
tentiometric probes can be made dramatically more sensitive by
operating in a capacitive detection mode.[1,2] It requires a cell po-
tential that is held constant while the sample pH is compared with
that of a reference solution. The unique feature relative to earlier
work is the use of an electronic capacitive component placed in
series with the pH probe (labeled as C in the Figure). Any small
pH deviation between the reference and sample solution still re-
sults in the same potential change, but since the cell potential
is held constant it must be compensated by an opposite voltage
change over the capacitive element. This gives rise to a current
spike that is more easily identifiable than the underlying potential
change. The current is background-subtracted and integrated to
give the corresponding charge, which serves as signal because it
is directly proportional to the change of pH. In our initial work
with membrane electrodes containing an aqueous inner solution,
a reproducibility (standard deviation) of 28 μpH in buffer and 67
µpH in stabilized seawater samples was achieved, which is orders
of magnitude better than with direct potentiometry.[1]

More recently, the concept has been extended to all solid-state
membrane electrodes that are pressure-insensitive and therefore
more practical for environmental use.[2] The inner ion-to-electron
transducing material is already characterized by a capacitance. It
is, however, non-ideal and gives rise to sluggish current transients

that are very difficult to quantify if no additional external capacitor
is added. Kirchhoff’s law is useful to choose the appropriate value
for the external capacitor as it needs to be chosen to dominate the
capacitance of the entire cell. We now aim to make this principle
applicable for the electrochemical in situmonitoring of ocean pH
with unsurpassed precision. A capacitive readout method is or-
ders of magnitude more sensitive than direct potentiometry.
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Arial

Principles of potentiometry and capacitive readout. Left: With established
potentiometric pH probes, a small pH change from a reference to a sam-
ple solution (bottom) results in a potential change that is often difficult to
distinguish from baseline drift (top). Right: With the new methodology the
cell potential is held constant and the potential change at the pH probe
results in a charging of the capacitive element C placed in series (bot-
tom). This results in a current spike that is more easily identified and iso-
lated (top). The final sensor signal is the charge from the integrated cur-
rent, which is proportional to the capacitance value and the pH change.

Humpback whale off Sydney Harbour. © Eric Bakker, 2020.
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Thallium (Tl) is a toxic trace element. From Tl-contaminated 
soils, Tl may enter the food chain or leach into groundwater, and 
may therefore also threaten human health. However, mechanistic 
studies on the geochemical behavior of Tl in soils are still scarce. 
In the Swiss Jura mountains, on the Erzmatt near the village Buus 
(BL), soils with high Tl contents have developed on carbonate 
rock that hosts a hydrothermal mineralization.

In a first study, we used synchrotron-based X-ray absorption 
spectroscopy (XAS; Tl L

III
-edge) to show that Tl in topsoil ho-

rizons was mainly monovalent Tl(I) associated with micaceous 
clay minerals (illite and muscovite) and only to a minor extent 
trivalent Tl(III) associated with manganese (Mn) oxides. In sub-
sequent work, we examined the extent and mechanisms of Tl 
sorption onto illite and Mn oxides. In our most recent study, we 
used XAS to characterize the speciation of geogenic Tl in numer-
ous topsoil samples from the Erzmatt, and performed chemical 
extractions to determine the concentrations of Tl in soil porewa-
ter and the amounts of exchangeable and Mn oxide-associated Tl, 
using inductively coupled plasma-mass spectrometry (ICP-MS) 
for solution analysis. From our results, we derived the follow-
ing conclusions: (i) Most of the geogenic Tl in topsoils from the 
Erzmatt (~95%) is fixed in the structure of micaceous clay min-
erals. (ii) Only ~3% of the total Tl is adsorbed onto micaceous 
clay minerals in readily exchangeable form, and the solubility of 
this fraction can be described with a model for Tl adsorption onto 
illite. (iii) About 2% of the total Tl is associated with Mn oxides.

Our results allow to explain the observation of the local au-
thorities that Tl transfer from soils to plants on the Erzmatt is 
limited and to better predict the effects of variations in soil chemi-
cal conditions on the solubility of Tl in soils. In conclusion, syn-
chrotron-based XAS together with chemical soil extractions 
is a powerful approach to advance the mechanistic under-
standing of the behavior of potentially toxic elements in soils.
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Geogenic Tl in topsoils from the Erzmatt (Buus, BL).

X-ray absorption spectra (at the Tl LIII-edge) of Tl in 3 topsoil samples 
with ~10 to 1000 mg/kg geogenic Tl in comparison to reference spectra 
of Tl(I) adsorbed onto illite, Tl(I) incorporated into muscovite, and Tl(iii) 
sorbed onto Mn oxide.

Exchangeable soil Tl (1 M NH4-acetate extract) dissolved Tl in soil solu-
tion (0.01 M CaCl2 extract) (red squares), compared to the relationship 
predicted using a cation exchange model for Tl adsorption onto illite 
(black line, gray area).
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We are using a modified RSII+ DNA sequencer to study mo-
lecular interactions and chemical reactions at the single-molecule 
level. Molecules are immobilised on a chip containing 150’000 
nanostructures of about 150 nm in diameter and well depth, re-
spectively. The small dimensions create a zero-mode waveguide 
through which light cannot pass but becomes evanescent. For 
this reason, only fluorescent molecules near the surface can be 
excited and thus perfectly discriminated from bulk solution.[1] 
Typically, some 10’000 single molecules can be monitored in 
parallel with a time resolution of 13 ms resulting in a large num-
ber of single-molecule fluorescence traces to give an excellent 
statistics for determination of binding kinetics.

We investigated the hybridisation of immobilised probes 
(7–93 nucleotides, nt) with short oligonucleotides labelled with 
CY3 dye derivatives whose fluorescence is very sensitive to the 
stacking base pair.[2,3] Hybridisation reveals a sequence of pulses 
which can be monitored over a long period. The pulse sequence 
creates a pattern characterised by pulse width (PW), interpulse 
duration (IPD), and fluorescence intensity, from which kinetic 
constants can be calculated.[2] In many fluorescence traces, pulse 
pattern changes were observed that indicate chemical reactions 
take place at the immobilised probe which are initiated by a pho-
toinduced electron transfer from a guanine (G) donor to the dye 
(Fig. 2).[4] The G radical cation can react with water, oxygen, and 
reactive oxygen species, respectively, leading to a large number 
of oxidation products, of which we so far identified 8-oxoG, and 
products of secondary reactions. Product formation was con-
firmed by SPR measurements using oligonucleotides modified 
with the respective oxidation product of G, and static fluores-
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Fig. 1. Experimental setup and a resulting pulse sequence.

cence spectra since CY3 fluorescence strongly depends on the 
local environment, i.e. the stacking base pair.[3]

After hybridisation to a cyclic 93 nt oligonucleotide, the RSII+ 
allows the chemically converted molecules to be sequenced. The 
nature of lesions can be determined by the delay of polymerase 
activity (IPD ratio) that is specific for a base modification.[5]

Fig. 2. Hybridisation of a 34 nt probe with CY3B-7 in the presence of 
oxygen. a) Formation of a product characterised by a loss of affinity 
(termination), b) formation of a low affinity product (short pulses), c) 
formation of short-lived 8-oxoG followed by termination, d) formation 
of 8-oxoG followed by creation of a low affinity product, e) formation of 
a product that is strongly quenching CY3 fluorescence, f) formation of 
8-oxoG in the guanine adjacent to the hybrid region, further oxidation 
does not influence hybridisation kinetics. c) and d) feature different 
reaction pathways of 8-oxoG oxidation.

Monitoring the fate of single molecules over a long period 
enables us to follow sequences of chemical reactions, to an-
alyse reaction pathways, to detect short-lived intermediates, 
and to determine product yields.
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During a lifetime, the immune system is challenged by a large 
number of bacterial infections, but also by the trillions of com-
mensal bacteria that colonize the gastrointestinal tract. Protective 
antibodies are produced upon contact with bacterial antigens 
which specifically bind and control bacterial expansion. The sur-
faces of Gram-negative bacteria are almost entirely covered with 
lipopolysaccharides (LPS), providing membrane integrity and 
stability. Exposed on the cell surface, LPS interact with the sur-
roundings and protect the bacterium from environmental threats, 
and are known to induce strong immune reactions. The outermost 
part of the LPS, the O-antigen, is highly diverse structurally and 
in sugar composition; the basis for bacterial serotyping. About 
176 O-antigens are known for Escherichia coli alone.

The tremendous diversity of O-antigens on bacterial lipopoly-
saccharides contributes to the generation of a vast repertoire of 
protective antibodies. Analysis of antibody reactivity to LPS in 
human samples such as blood or breast milk provide an indi-
cation about infection history but also confirm the presence of 
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protective antibodies. Microarrays displaying a library of LPS 
are ideally suited for this kind of analyses. The limiting factor 
of LPS microarrays is the availability of probes that must be ex-
tracted from bacteria in an elaborate process since only a few are 
commercially available.

From the analytical point of view, the limit of detection of a 
microarray is determined by the affinity of the probe–analyte pair 
at the surface which is lower compared with solution. The quality 
of analysis critically depends on spot morphology, i.e. the ho-
mogeneity of probe distribution within the spot that determines 
the variability of the fluorescence signal as an essential part of 
the experimental error. For microarray production, we optimised 
spotting conditions, buffer composition, pH and ionic strength, 
and immobilisation conditions for 50 LPS. Array processing con-
ditions were optimised regarding surface blocking (8 h, 23 °C), 
incubation time and temperature (16 h, 10 °C), including the sub-
sequent reaction with a secondary fluorescence labelled antibody 
(1 h, 23 °C).

LPS microarrays are convenient tools to study bacterial 
antigen–antibody interactions and past exposure of an indi-
vidual to pathogenic and commensal bacteria.

Received: March 30, 2021

Dye

Secondary
antibody

LPS

Antibody
from patient
sample

A C

D

H
.
al
ve

i

K.
pn

eu
m
on

ia
e

P.
vu

lg
ar
is

P.
ae

ro
gi
no

sa

Escherichia coli
serotypes

Salmonella enteriditis
serotypes

Bacteroides
serotypes

co
nt
ro
ls

co
nt
ro
ls

co
nt
ro
ls

co
nt
ro
ls

c1

c2

c3

c4 Dilution series of LPS
in 9 replicate spots

Serratia
species

co
nt
ro
ls

co
nt
ro
ls

B

Yersinia
species

Sa
lm

on
el
la

E.coli
rough
strains

rough
strains

co
nt
ro
ls

co
nt
ro
ls

A Scan of a microarray incubated with blood plasma, B LPS spotting 
scheme, C scheme of a sandwich assay, D enlarged part of the array 
visualizing spot morphology (spotted volume: 1.5 nL).



550  CHIMIA 2021, 75, No. 6� Columns

Highlights of Analytical Sciences in Switzerland
 
Division of Analytical Sciences
A Division of the Swiss Chemical Society

doi:10.2533/chimia.2021.550 � Chimia 75 (2021) 550  © Swiss Chemical Society

High-throughput Quantification of Cheese Bacteria

Matthias Dreier* and Daniel Wechsler

*Correspondence: M. Dreier, E-mail: matthias.dreier@agroscope.admin.ch

Agroscope, Schwarzenburgstrasse 161, CH-3003 Bern

Keywords: Cheese quality · High-throughput · Microfluidics · 
Raw milk · Real-time qPCR

Raw milk cheeses are considered richer in flavor than cheeses 
made from pasteurized milk due to the beneficial impact of the mi-
crobial community in raw milk. However, the impact of starter and 
non-starter lactic acid bacteria (NSLAB) on cheese quality in terms 
of flavor, texture and ripening stability is still incompletely under-
stood in Swiss cheese varieties. So far, mainly culture-dependent 
methods with a limited set of selective media were used to study 
microbial communities of Swiss raw milk cheeses. Quantitative 
real-time PCR (qPCR) is a well-established method for detecting 
and quantifying bacteria. High-throughput qPCR (HT-qPCR) using 
microfluidics brings further advantages by providing fast results and 
by decreasing the cost per sample.

Recently, we validated our new HT-qPCR system targeting 24 
bacterial species relevant for cheese quality in collaboration with 
the Genetic Diversity Centre (GDC, ETH Zurich). The developed 
qPCR assays were highly specific for the target species under iden-
tical amplification conditions. The HT-qPCR system offers a fast, 
accurate, and cost-efficient monitoring of desired and undesired 
microorganisms in cheese. As for example, with a 192.24 Dynamic 
array integrated fluidic circuit (IFC, Fluidigm Corporation) chip, a 
simultaneous screening of the 24 species in 56 cheese DNA samples 
in technical triplicates in a single run is possible.

Microfluidics brings many advantages, allowing thousands of 
reactions to be performed in parallel in very small volumes (nano-
liter-scale) and thus consuming massively less material and reagents 
in comparison to standard qPCR. However, there is also a trade-off 
in terms of significantly higher detection limits. This disadvantage 
can be partially compensated by a multiplex-PCR step with a low 
number of cycles to selectively enrich the target DNA sequences. 
This preamplification step can be used to qualitatively detect bac-
terial species with low abundance (< 8×104 genome equivalents/g 
cheese).

The use of the new HT-qPCR approach will provide more com-
prehensive data on the growth and succession of microbial species 
during cheese ripening, thus providing a better understanding of the 
influence of individual species on cheese quality. Moreover, we see a 
great potential for new diagnostic possibilities regarding the identifi-
cation and monitoring of microbially induced cheese quality defects. 

In conclusion, HT-qPCR is a fast, reliable and economic ap-
proach to quantify quality-relevant bacterial species in cheese 
and has promising applications, such as monitoring the compo-
sition of the bacterial microbiome of raw milk cheeses to ensure 
consistent product quality.
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Fig. 1. Raclette du Valais AOP, a smear-ripened, full-fat semi-hard 
cheese made from raw milk. The cheese microbiome and thus also the 
quality of raw milk cheeses is influenced by environmental factors as 
well as manufacturing and ripening conditions.

Fig. 2. Overview of the HT-qPCR workflow (created with BioRender.
com). DNA samples and qPCR assays were loaded on the Dynamic 
Array integrated fluidic circuit (IFC, Fluidigm Corporation) chip. The 
Biomark instrument (Fluidigm Corporation) performed qPCR for the 
4608 singleplex-qPCR reactions on the chip in parallel and recorded 
the fluorescence signal with a high sensitivity camera. Quantification 
cycle values were compared to qPCR standard dilution series and the 
number of copies in the DNA samples was calculated.
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Uranium – Lead Geochronology by ID-TIMS at  
Highest Precision and Reproducibility
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Age determination utilizing the radioactive decay of 238,235U into 
206,207Pb is one of the backbones of modern Earth sciences. Precise 
and accurate temporal correlations are needed to understand the 
interaction of geosphere, hydrosphere, atmosphere, and life in 
the geological past. A timely example are periods of dramatic 
biodiversity loss (‘mass extinctions’) in the geological past 
that can be related to largest-scale volcanism (Large Igneous 
Provinces or LIPs), triggering profound disturbance of the carbon 
cycle and the climate, and affecting life. The geological record 
is mostly restricted to marine life, which has repeatedly suffered 
near-extinction. The most pronounced one at the Permian-
Triassic boundary (252 million years ago) coincides with 
volcanic activity in the Siberian LIP. Precise U-Pb dating of these 
volcanic products, as well as of volcanic ash beds within marine 
sedimentary sections, allows for temporal correlation between 
volcanic activity, changes in biodiversity and marine biomass, 
and seawater temperature at a precision of a few 10’000 years. 

The dating employs isotope-dilution techniques using a 
202,205Pb–233,235U mixed tracer solution, which is distributed by 
the EARTHTIME consortium. This solution is precisely known 
for concentration and isotope composition of U, Pb and its U/Pb 
ratio, and allows for precise Pb, U isotope analysis of individual, 
100-µm-sized zircon (ZrSiO

4
) crystals through thermal ionization 

mass spectrometry. One such sample contains 2–5 pg (10–12g) of 
radiogenic 206,207Pb, which is isotopically analyzed in an ultraclean 
environment at a total procedural background level of 0.1–0.3 
pg Pb. However, the U-Pb system in zircon presents two main 
challenges: (1) zircon crystallized in a magmatic system over 
several 100’000 years, therefore 10 to 20 analyses of carefully 
selected zircon grains are needed per sample to identify the 
youngest products of crystallization; (2) the radioactive alpha-
decay of U, Th in zircon creates profound damage of the zircon 
crystal lattice that no longer behaves as a closed system for 
radiogenic nuclides. Therefore, an empirical ‘chemical abrasion’ 
treatment removes domains that have undergone >2 x 1018 alpha-
decays/g prior to dissolution and analysis. 

The precision, accuracy and repeatability of a U-Pb laboratory 
is controlled via isotope-dilution analysis of a synthetic 
EARTHTIME isotope calibration solution, which allows intra- 
and interlaboratory calibration at the 0.01% level of uncertainty 
for an apparent 206Pb/238U date. 

Long-term analysis of this calibration solution has 
confirmed that high-precision 206Pb/238U dates are reprod-
ucible between different laboratories at a precision level of 
0.01% (2s), providing a temporal resolution of 25’000 years 
for the correlation of environmental and biotic crisis at the 
Permian-Triassic boundary 252 million years ago.

Fig. 1. Secondary electron image of a zircon (ZrSiO4) in a volcanic ash 
bed used to date the age of deposition in a sedimentary rock.

Fig. 2. Measured apparent 206Pb/238U dates for the EARTHTIME ET100 
calibration solution in three laboratories applying identical analytical 
techniques and using the EARTHTIME 202,205Pb-233,235U tracer for isotope 
dilution.
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Bird’s-eye View of Localized Methane Emission 
Sources 
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The increase of greenhouse gas emissions from anthropo-
genic activities and its negative impact on the Earth’s climate is 
an urgent issue for our civilization. Beside the widely discussed 
carbon dioxide, methane (CH4) represents the second most im-
portant anthropogenic greenhouse gas. Its relatively short life-
time in the atmosphere creates unique opportunities for effec-
tive mitigation of climate change, especially with short-term 
benefits. Detailed and accurate knowledge about its sources, 
spatial distribution, and temporal variation are, as yet, lacking, 
and the partitioning of CH4 emissions by region and processes 
is currently not sufficiently constrained. To improve this situ-
ation, we developed laser-based sensing technologies that en-
able the tracking and identification of methane sources at local 
scale, regardless of terrain complexity. This is achieved by a 
dedicated lightweight and high-precision CH4 sensor based on 
mid-infrared laser absorption spectroscopy. Using a quantum 
cascade laser as light source, a narrow spectral range around 
a specific absorption line of methane is rapidly scanned, while 
the transmitted signal is used to retrieve the atmospheric con-
centration. The instrument is lightweight enough to be carried 
by commercial drones, thus yielding in a fully autonomous and 
highly mobile analytical system. 

For quantification of localized CH4 emission sources, the mo-
bile analyzer is combined with 3D sonic wind measurements, 
and the emission fluxes are estimated by mass balance. This 

approach is performed by flying the drone-integrated system 
through a vertical cross section, downwind of a given source, 
perpendicular to the main wind direction at several altitudes. 
A refined (cluster-based) Kriging framework was developed to 
spatially map individual CH4 measurement points into the mea-
surement plane, while taking into account the different spatial 
scales between background and enhanced methane values in the 
plume. Emission rates are derived by multiplying the CH4 fields 
with a corresponding wind field, i.e. by taking the net difference 
between fluxes into and out of a volume containing the source. 

We recently applied this method to support the ROmanian 
MEthane Emissions from Oil and gas (ROMEO) campaign, 
which quantified methane emissions from oil- and gas-production 
facilities in Romania using various techniques and approaches. 
Hundreds of facility scale observations were conducted to gen-
erate a robust quantification of individual sources, from which 
bottom-up estimates can then be derived.

In conclusion, mapping trace gas emission plumes using 
in-situ spectroscopic measurements from unmanned aerial 
vehicles (UAV) is an emerging and attractive possibility to 
quantify emissions from localized sources. 
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Scheme of CH4 emission source quantification using the mass balance 
approach. 

Picture of the CH4 laser spectrometer. The main parts are the quantum 
cascade laser, the segmented circular multipass cell, and a thermoelec-
trically cooled infrared detector. 
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Vacuum and Headspace – An Efficient and 
Fast Combination for the Extraction of Volatile 
Compounds

Pascal Fuchsmann*
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Keywords: Gas chromatography – mass spectrometry · In-tube 
extraction · Reduced pressure sampling · Vacuum-transfer in trap

Different methods of extraction of volatile compounds from 
the headspace are known. Most of these techniques are carried 
out at a pressure higher than atmospheric pressure due to the 
heating of the sample in a closed space. For these techniques, the 
sample has to be heated in order to quickly reach an equilibrium 
state in the headspace. Reduced pressure extraction techniques 
have also been shown to extract compounds over a wide molecu-
lar weight range.

The Flavour Research Laboratory of the Swiss Federal 
Competence Centre for Agricultural Research, Agroscope, has 
developed an innovative and cost-effective method for the extrac-
tion of volatile compounds for gas chromatography (GC) analy-
sis under the name of Dynamic Headspace Vacuum Transfer In 
Trap Extraction (DHS-VTT).[1,2] The technique also limits arte-
fact formation during the extraction process thanks to reduced 
temperature and extraction time.

The aim is to combine Headspace In-tube Extraction (ITEX) 
with a vacuum pump to obtain a dynamic extraction at reduced 
pressure. 

Volatile compounds from the sample are trapped in an ITEX-
filled needle using a vacuum of around 5–10 mbar. The extrac-
tion time depends on the compounds to be extracted but varies 
between 5 and 30 minutes. A temperature-programmed injector 
(PTV) completes the set-up perfectly to optimise the separation 
of volatile compounds in the GC-MS.

Fig. 1 Diagram of the GC–MS instrument with the autosampler and 
ITEX-2 hardware. Connection of the original nitrogen line to the new 
distribution block (in orange) and the solenoid valve. The vacuum and 
nitrogen lines are coloured green and blue, respectively. 

The DHS-VTT technique significantly improves the extrac-
tion of volatile compounds from a complex matrix such as fer-
mented dairy products in comparison with the ITEX and solid 
phase microextraction (SPME) method. The modification of the 
sampler is fast, economical and allows the use of commercial 
ITEX equipment. The method allows rapid extraction of target 
compounds using vacuum with little artefact formation or sample 
degradation. In addition, it is possible to extract large quantities 
of samples without having to replace the extraction equipment 
due to premature wear of the extraction parts or polymer. The re-
sults showed that the extraction equipment can be used for more 
than 850 injections without being modified; their relative stan-
dard deviation (total peak areas of 43 target volatile compounds 
over two weeks) was 9.6%. The technology is commercially 
available from CTC Analytics AG (www.ctc.ch).

DHS-VTT has many applications, such as working on 
projects requiring a large number of samples for metabo-
lomic analysis.[3] The high extraction capacity of the ITEX 
needle polymer allows olfactometric analysis to be carried 
out with several panelists simultaneously without the limita-
tions of the extraction media.
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Fig. 2 Chromatograms corresponding to the volatile fraction of plain 
yoghurt extracted by DHS-VTT, HS-ITEX, and HS-SPME methods. 
Analytes from left to right: acetaldehyde, acetone, ethylacetate, butan-
2-one, butane-2,3-dione, pentane-2,3-dione, hexanal, heptan-2-one, 
octanal, 3-hydroxy-butan-2-one, 2-methylpentan-3-ol, 2-hydroxy-
3-pentanone, nonan-2-one, nonanal, acetic acid, propanoic acid, 
2-methylpropanoic acid, undecan-2-one, butanoic acid, 2-phenylac-
etaldehyde, pentanoic acid, hexanoic acid, 6,10-dimethylundeca-5,9-
dien-2-one, 2-phenylethanol, octanoic acid, nonanoic acid, δ–decalac-
tone, decanoic acid, δ-dodecalactone. A = artifact.
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The flavour of cocoa and chocolate is beloved all over the 
world and can be regarded as the final result of many different 
processing steps along the cocoa value chain, such as the cultiva-
tion, the post-harvest treatment, and last but not least the techno-
logical processing such as roasting and conching. All these steps 
impact the flavour properties of the final product, the chocolate. 
For this reason, many different research groups started already 
more than 30 years ago to gain insights into the molecular com-
position of cocoa flavour. Thereby, a high number of volatile 
compounds (>500) could be identified in cocoa products and 
chocolate intermediates.[1] However, more recent research stud-
ies could show that only a small percentage of these volatiles 
significantly contribute to the overall aroma of cocoa.[2] The 
so-called key odorants of cocoa were also recently identified in 
Swiss dark chocolates[3] and cocoa beans deriving from different 
post-harvest treatments[4] by gas chromatography – olfactometry, 
a technique that allows the differentiation between odourless vol-
atiles and odour-active compounds. Based on the findings of our 
research and of other research groups, the key odorants of cocoa 
can be grouped in different categories based on their generation 

along the cocoa value chain. There are some compounds which 
are already present in raw and unfermented cocoa beans, others 
arising during the post-harvest treatment, and further compounds 
mainly formed during thermal processing. Interestingly, there is 
no odorant which elicits the odour of cocoa or chocolate itself, it 
is more the combination of odorants with different odour quali-

ties which have to be present in specific concentrations in order 
to evoke the aroma of cocoa or chocolate. These compounds have 
been recently compiled to a sensory kit, a cocoa aroma library 
containing 25 most important cocoa odorants, with the aim to 
give insights into the cocoa odour constitution and to be used as 
a training tool for the sensory evaluation of cocoa.[5]

Although a lot of research has been done in the past in 
order to decode the cocoa flavour on a molecular level, there 
is still a lot to do to understand the flavour properties of cocoa 
as a result of its variety and origin. This knowledge might 
also help to promote biodiversity and fair cocoa farming and 
ensure the quality of cocoa products in the future. 
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Fig. 1. Analysis of cocoa key odorants by gas chromatography – olfac-
tometry.

Fig. 2. Key odorants of cocoa. Compounds present in raw and unfer-
mented cocoa beans: (1) 2-isobutyl-3-methoxypyrazine, (2) linalool; 
compounds deriving from fermentation: (3) ethyl-2-methylbutanoate,  
(4) 2-phenylethyl acetate, (5) 2-phenylethanol, (6) 3-methylbutanoic 
acid, (7) acetic acid, (8) guaiacol, (9) δ-decenolactone; compounds de-
riving from thermal processing: (10) 3-methylbutanal, (11) furaneol, (12) 
2,3,5-trimethylpyrazine, (13) 2-ethyl-3,5-dimethylpyrazine, (14) 2-acetyl-
1-pyrroline, (15) dimethyl trisulfide.

Highlights of Analytical Sciences in Switzerland
 
Division of Analytical Sciences
A Division of the Swiss Chemical Society



Columns CHIMIA 2021, 75, No. 12 1047

Can you show us your analytical highlight?
Please contact: Dr. Veronika R. Meyer, Unterstrasse 58, CH-9000 St.Gallen
Tel.: +41 71 222 16 81, E-mail: analytical_highlights@chimia.ch

Highlights of Analytical Sciences in Switzerland

Division of Analytical Sciences
A Division of the Swiss Chemical Society

doi:10.2533/chimia.2021.1047 Chimia 75 (2021) 1047 © Swiss Chemical Society

Moving Standardization of HPTLC to the Next Level
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High Performance Thin Layer Chromatography (HPTLC) is
a well-known chromatographic separation technique applied in
a large number of methods, particularly for generating chemical
fingerprints of herbal drugs. Standardized HPTLC methods, fo-
cused on reproducibility and qualification of the chromatogram,
are the ticket to reliable analytical results in daily routine.

Traditionally, qualification is performed on each plate using
an appropriate system suitability test (SST). For that, nearly all
methods rely on the chromatographic behavior of specific chemi-
cal reference substances, typically related to the target analytes.
The search for individual substances is often cumbersome and
expensive. Therefore, a generally applicable, cost- and time-effi-
cient alternative for use in the SST was sought.

This led to the development of a novel approach using the
Universal HPTLC Mix (UHM), a pre-defined mixture of eight
substances. The selection of the substances started with consid-
erations of minimum environmental and health hazards. Then,
detectability, stability, availability and price were taken into ac-
count. The final mixture includes compounds from a broad polar-
ity range featuring different functional groups.

A large number of chromatographic systems separate the
UHM into a defined and unique pattern of zones with specific

response characteristics to changes of the activity of the plate,
composition of the mobile phase, and degree of saturation of the
developing chamber. The use of these patterns in the SST allows
checking whether a method was performed appropriately. Based
on assigned R

F
values and their respective windows obtained dur-

ingmethod validation, such SST can be performed automatically.
Furthermore, the SST can be used as reference point for adjust-
ments of R

F
shifts caused by differences in plate batches and for

the normalization of signal intensities between plates. The UHM
is now commercially available.

The Universal HPTLC mix opens the door to the next
level of standardization of HPTLC methods. Software-based
system suitability tests and normalization of data are getting
within reach, meaning that in the future, results will be highly
comparable in-between different laboratories and time peri-
ods. This is the first step towards a data-driven HPTLC with
focus on artificial intelligence.

Received: October 5, 2021
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System Suitability Test (SST) view using the UHM consisting of
[e]: phthalimide; [f]: 9-hydroxyfluorene; [g]: thioxanthen-9-one; [h]:
2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol. Note: the
other four substances of the mixture, namely guanosine, sulisoben-
zone, thymidine, and paracetamol stay at the application position.
HPTLC Silica Gel F254 glass plate developed in the HPTLC PRO Module
DEVELOPMENT, using toluene as developing solvent, and scanned at
254 nm.
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Induced XUV Spectroscopy (LIXS) 
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Laser-induced breakdown spectroscopy (LIBS) is a direct meth-
od for elemental analysis of solid materials thanks to no sample 
preparation, trace to major element sensitivity, and the spatially re-
solved acquisition. However, conventional LIBS in the optical range 
(UV to IR) suffers from low precision originating from 

(i) high continuum background, 
(ii) low repeatability of the plasma optical emission. 
It has been reported that the plasma emission shows poor repro-

ducibility, as a consequence of the hydrodynamic expansion. Indeed, 
the expansion is dominated by flicker noise, which is particularly 
critical for spatially resolved analysis in inhomogeneous samples. 
Fig. 1 shows the qualitative temperature evolution of laser-induced 
plasmas. The plasma temperature determines the range of spectral 
emission (kT = 1 eV corresponds to approx. 11’600 K). 

In the irradiation phase, the plasma is very hot and dense, such 
that it emits soft X-rays. After a few ns of expansion and cooling (end 
of laser pulse), the emission is dominated by a strong continuum, 
so that one must delay the collection for this background to drop. 
Soft X-ray and extreme ultraviolet (XUV) emission from the dense 
laser-induced plasma shows high reproducibility and consistency.[1] 

Therefore, laser-induced XUV spectroscopy (LIXS), as an evolution 
of LIBS, can mitigate the flicker noise and substantially improve the 
precision.

The potential of LIXS was investigated in a quantitative anal-
ysis of Li-Mn oxide samples, as shown in Fig. 2. Their use as 
energy materials requires homogeneity. One should be able to 
detect impurities and heterogeneities from the same shot. Indeed, 
increased sensitivity may shrink the dynamic range. In LIXS, the 
dynamic range is substantially extended while the sensitivity is 
reduced (Fig. 3a). This does not hinder the detection limits be-
cause the background noise is negligible. 

Finally, a fingerprint for oxidation was also demonstrated; 
where the oxidative pockets showed the same three O-VI emis-
sion lines at 12.99 nm, 15.01 nm, and 17.31 nm, which was not 
observed in LiF (see Fig. 3b). In short, LIXS is a novel evo-
lution to LIBS microanalysis with high precision and wide 
dynamic range. 
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Fig. 2. Depth profiling analysis in batteries using laser-induced 
spectroscopy (LIXS).

Fig. 1. Qualitative temperature evolution of laser-induced plasma. 

Fig. 3. (a) Calibration curves of LIXS (red) and LIBS (black) showing the 
different sensitivity and dynamic range. (b) LIXS spectra of three standard 
materials: Li2O/MnxOy standard sample (LM25), NIST 612 multielemental 
glass and a LiF crystal. Fingerprint lines of oxidation are observed at O VI 
12.987 nm, O VI 15.009 nm, O VI 17.308 nm (LIXS spectral range).
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Back to the Moon – in situ Chemical Analysis on the
Lunar Surface using LIMS
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Swiss instrumentation has a long history in lunar science explo-
ration, making its debut on the lunar surface as part of the Apollo
11 mission in the form of the SolarWind Composition experiment
(SWC), developed at the Physics Institute of the University of
Bern. Comprising an ultra-pure aluminum foil sail, the SWC col-
lected solar wind ions and was subsequently returned to Earth for
analysis. With the renewed interest in human lunar landings, e.g.
within NASA’s Artemis program, which serves also as a precur-
sor program for Mars exploration, new opportunities to perform
more complex scientific experiments on the Moon arise. Such in
situ experiments are of high interest to the field of planetary sci-
ences, since they can contribute to answering fundamental ques-
tions e.g. about the evolution of our solar system. Therefore, new
precise instrumentation, which e.g. can determine the element and
isotope composition of lunar rock, is required that would also sup-
port the astronauts’ on-site work. Such an instrument can facilitate
pre-classification and prioritization studies of samples selected for
sample return to Earth, as well as in situ analysis of samples for
which sample return is infeasible (e.g. volatiles in lunar perma-
nently shadowed regions).

At the University of Bern, we have been developing a Laser
Ablation Ionization Mass Spectrometer (LIMS) that is a candi-
date instrument for the Artemis program. LIMS offers advantag-

es over currently routinely used chemical analysis techniques on
planetary surfaces such as X-ray fluorescence, γ-ray or neutron
spectroscopy. One major advantage is the achievable dynamic
range, allowing for detection and quantification of main but also
trace elements. In combination with high lateral resolution at the
micrometer level, this yields a unique parametric set, which cur-
rently cannot be replicated by other methods used in planetary
research. We present the preliminary flight design of our minia-
ture LIMS system suited to operate on the lunar surface. A cage
system containing all relevant components of a flight design was
designed and realized to facilitate the evaluation of the laser and
optical setup. In anticipation of deployment on the Moon, this
setup is currently being used for characterization studies of the
system to ensure optimal preparation.

Aftermore than 50 years of Switzerland having been pres-
ent on the Moon, the next chapter in Lunar exploration is
right around the corner.

Received: January 7, 2022
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Lunar landing site of a manned mission within NASA’s Artemis program.
Scientific instruments can be operated within the pressurized habitat or
while performing Extravehicular Activities on mobile platforms. Adapted
from NASA Artemis III SDT Report.

Laboratory setup to test the laser and optical components of the LIMS
(A) and instrument flight design as shown by the CAD drawing (B). For
illustrative purposes the TOF mass analyzer has been placed directly
under the optical cage. Under operating conditions, it is mounted in a
vacuum compartment. The sample introduction system will be attached
to the bottom of the flight design.
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A New Approach for Identifying Positional Isomers of
Glycans Cleaved from Monoclonal Antibodies
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Glycosylation patterns in monoclonal antibodies (mAbs)
can vary significantly between different host cell types,
and these differences may affect mAbs safety, efficacy, and
immunogenicity. Recent studies have demonstrated that glycan
isomers with the terminal galactose position on either the Man
α1-3 or the Man α1-6 branch have an impact on the effector
functions and dynamic structure of mAbs. One of the most
powerful techniques for glycan investigation is the combination
of liquid chromatography (LC) with mass spectrometry (MS),
however, even this method cannot distinguish all the various
forms of isomerism. The development of a robust technology
to distinguish positional isomers of glycans is thus critical to
guarantee mAb quality.

Our group has recently demonstrated that cryogenic infrared
(IR at 45 K) spectroscopy provides unique vibrational spectra
of glycans. Since spectroscopic fingerprints can be extremely
sensitive to the slightest differences between molecules, we can
distinguish all the various types of isomerism present in glycans.
We apply the combination of IR spectroscopy with ultrahigh-
resolution ion mobility separation (IMS) based on structures for
lossless ion manipulation (SLIM) technology.

On the example of N-linked glycan G1F, we demonstrated
the ability of our technique to assign the mobility-separated
positional isomers (G1(α1-3)F and G1(α1-6)F) based on their
unique IR fingerprint spectra. We then used these results to
investigate the influence of the host cell line (CHO and HEK-
293) on the G1F profile at the isomer level.

Our results demonstrate that the combination of high-
resolution ion mobility and cryogenic ion spectroscopy
provides a fast and reliable method for glycan isomer
identification. It can be used to complement, or even replace,
existing methods for establishing the similarity of glycan
profiles between biological drugs and their biosimilars.
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Robinia pseudoacacia (Black Locust) – An Invasive
Species with Unsuspected Potential in Grappa
Ageing
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The use of different types of wood for the manufacture of
barrels for the maturing of wines has been used since the 5th

century BC. Wood has several physical and chemical properties
that allow gas exchange between the external environment and
the wine while conferring typical aromas to the species used.
Spirits such as whiskies, cognacs, armagnacs, grappas and others
are matured in wooden barrels giving aroma and color to their
coveted nectars.

The wine and spirits industry focuses on a range of well-
known species such as oak or chestnut in the production
process. However, the environment and climate change make the
accessibility and use of these species increasingly complex. In
this context, the characteristics of the Black Locust (false acacia –
Robinia pseudoacacia) (an ubiquitous and invasive species with
excellent drought resistance and few specific pathogens) make
it potentially resilient. Since the end of the 19th century Robinia

trees were widely planted in the Ticino for the production of
poles and beams. A project to develop the use of Robinia for
the production of barrel-aged Grappa in partnership with the
Swiss Federal Agricultural Research Institute (Agroscope) in
Wädenswil and the Swiss Federal Institute for Forest, Snow and
Landscape Research (WSL) in Birmensdorf has highlighted the
aromatic qualities of this species in the production of quality
distillates.

The project consisted of the manufacture of several 50-litre
Robinia barrels for the controlled ageing of Grappa produced
from typical Ticino Merlot marc. Regular samples of the
distillates during a 6-month ageing period were evaluated
by a sensory panel as well as by gas chromatography – mass
spectrometry – olfactometry to identify aromatic characteristics
throughout the maturation period.Very promising results showed
that the maturation in Robinia barrels had more intense floral,
fruity, and herbal aromatic characteristics than in oak barrels.
However, the maturation period is slower than in oak. It takes
about 50 days for the Robinia when the oak requires only 28 days
(according to sensory evaluation). This can be explained by the
denser wood fiber than in oak which limits exchanges with the
outside environment.

The analyses showed a slightly different diversity of volatile
compounds than with oak. Some aromatic compounds come
exclusively from oak (e.g. cis-Oak lactone or Eugenol) and give
spicyandfruitynotestothedistillatesthatRobiniacannotgenerate.
However, other compounds are present in both wood species but
are extractedmore rapidly in Robinia than in oak (O-guaiacol and
1H-pyrrole-2-carboxaldehyde). These compounds are therefore
found in greater quantities in the distillates and bring unique
aromatic variations to them.

In the future, Robinia barrels could offer a more diverse
range of aromas to the grappa producers.

Merlot grape, distillation, and ageing of the grappa distillates in Robinia
barrels.

Olfactometric profile (N=8) of grappa distillates aged in oak barrels
versus in Robinia barrels after 180 days.
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METAS UncLib – A Measurement Uncertainty
Calculator in Chemical Analysis
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Evaluation of measurement uncertainty (MU) in chemical
analysis is essential to make measurement results comparable
and to fulfill the requirement of metrological traceability to refer-
ence values obtained by agreed realizations of the SI units. It is
therefore also a requirement for all accredited laboratories work-
ing under ISO/IEC 17025:2017. With the Guide to the Expres-
sion of Uncertainty inMeasurement (GUM)[1], an internationally
accepted and uniform procedure for the evaluation of MU was
established. However, without the help of an uncertainty propa-
gation software, it can be very challenging and time-consuming
to implement this approach in a mathematically correct way, es-
pecially for complicated analytical methods.

METASUncLib[2], a software library that facilitates the linear
propagation of uncertainties through a measurement model is in
full accordance with the GUM and is one of the most versatile
MU calculators available. METAS UncLib can be downloaded
free of charge at [3]. It is written in C#, andMATLAB and Python
wrappers exist. So far, METAS UncLib has been mainly known

in the physical community.We think that it can be of great use for
chemists as well for establishing their MU budgets.

In our laboratory, we use METAS UncLib together with
Python for the evaluation of the MU in the determination of
polycyclic aromatic hydrocarbons (PAHs) in food matrices, for
example. The analytical method is composed of solvent extrac-
tion of the test material, multi-stage purification by solid-phase
extraction (SPE) and/or gel permeation chromatography (GPC),
and measurement with GC-MS/MS using isotopically labelled
internal standards. It currently includes the 16 PAHs listed in
EPA610. For each PAH, our measurement model relates more
than 45 input quantities, each exhibiting uncertainties, to the out-
put quantity, the mass fraction of the PAH in the tested food. As
an example, the figure shows the results of a measurement of
contaminated infant formula. While for PAH4 (sum of benz[a]
anthracene (BaA), benzo[a]pyrene (BaP), benzo[b]fluoranthene
(BbF), and chrysene (Chr)), the lower bound of the MU at the
95 % level (k = 2) is clearly above the regulated maximum level,
there is an overlap of the MU range for BaP. In this case, MU is
a key factor for conformity assessment.

In conclusion, METAS UncLib is perfectly suited as a mea-
surement uncertainty calculator in chemical analysis, especially
for complicated analytical methods including a large number of
chemical compounds.

Received: May 7, 2022
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Fig. 1: Selected mass fractions and uncertainties (95 %, k = 2) for the PAHs benz[a]anthracene (BaA), benzo[a]pyrene (BaP), benzo[b]fluoranthene
(BbF) and chrysene (Chr) determined in contaminated infant formula (proficiency test material, BIPEA 09-2344). Maximum levels (1 µg/kg) of BaP
and the sum of BaA, BaP, BbF and Chr (PAH4) listed in the Swiss contaminants regulation (SR 817.022.15) are indicated with red dotted lines.
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Dietary Changes in Bronze Age Switzerland
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Stable isotope analyses applied to archaeological remains
allow to reconstruct aspects of prehistoric human lifestyle
that were completely inaccessible until recently. Particularly,
carbon, nitrogen, and sulfur stable isotopes from cereal and
legume seeds (δ13C, δ15N), animal bone collagen (δ13C

coll
, δ15N,

δ34S), human bone and dentin collagen (δ13C
coll
, δ15N, δ34S),

and tooth enamel (δ13C
enamel

) provide essential information in
the reconstruction of human diet, mobility, and subsistence
strategies.

The analysis of carbon isotopic ratios (δ13C) allows to distin-
guish the environment where humans acquired their resources
(terrestrial vs aquatic) and notably the type of plants consumed:
C

3
type plants (wheat, barley) are typical of a temperate environ-

ment, whereas C
4
type plants (millet, sorghum) usually reflect an

open and warm environment. The nitrogen isotopic ratios (δ15N)
detect the trophic level occupied by an organism within a food
chain: plants present lower values than animals and humans that,
as consumers, show higher nitrogen ratios. The sulfur isotopic
ratios (δ34S) provide information on the origin of food sources
– from a terrestrial, marine, or freshwater ecosystem – and con-
tribute to detect human mobility.

In this study we considered three cemeteries located on the
Lake Geneva Basin and dated from the Early to the Late Bronze
Age (2200–800 BC). Our results show that these human groups
mainly consumed terrestrial foodstuffs, despite the proximity of
Lake Geneva. Furthermore, a change in the main staple crops
along the Bronze Age is highlighted due to the transition from a
diet mainly based on C

3
plants during the Early (2200–1500 BC)

and Middle/Recent (1500–1100 BC) Bronze Age to the signifi-
cant consumption of C

4
plants at the Final BronzeAge (1100–800

BC). The millets, first domesticated in China, are more resistant
to aridity and were cultivated in Switzerland especially from the
11th century BC onwards. They could have contributed to the
prosperity of the Late BronzeAge. Dietary differences according
to sex, age-at-death or graves goods were not detected.Moreover,
soil fertilization seems to have been increased along the Bronze
Age, suggesting changes in agriculture strategies.

The use in archaeology of techniques from the natural
sciences, such as chemistry, contributes significantly to our
knowledge of the human way of life in the past.
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Fig. 1. Scatter plot of δ13C and δ15N bone collagen values for humans,
animals, and botanical remains according to their chronological periods
(C3 plants include wheat and barley, C4 plants include broomcorn and
foxtail millet; representation of mean and sd for the plants). TO = Chens
sur Léman, Tougues. EBA = Early Bronze Age, MBA = Middle Bronze
Age, FBA = Final Bronze Age.

Fig. 2. Tolochenaz (Vaud) La Caroline. Map of the Final Bronze Age
(1050–800 BC) cemetery with indication of funerary rituals, grave
goods, sex/gender, class age, and sampled individuals.
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Cell and gene therapies are revolutionizing the treatment of pa-
tients with cancers or genetic diseases, but they are complex: The
respective starting materials, e.g. blood cells, have an impact on
the quality and variability of the final product. Tailored analytical
methods need to properly control and understand the starting mate-
rials, the process, and final product. In order to adhere to commer-
cial current Good Manufacturing Practice, CQAs (Critical Quality
Attributes) must be identified and their dependence from the CMAs
and CPPs (Clinical Process Parameters) must be clear. Safety and
efficacy requirements must be met and quality controlled.

Viral vectors (VVs) are the key vehicles to introduce thera-
peutic benefit into human cells. Various types can be employed
such as Adeno-Associated Viruses (most common vectors used),
Lentiviruses, or oncolytic viruses. Functional and potency as-
says need to be tailored for the respective virus types. Testing the
strength includes cell count and viability, physical titer ddPCR
and qPCR, HPLC titer, optical density titer, and infectious titer.
Identification is done with cell line identification, Sanger sequenc-
ing, next generation sequencing, and restriction enzyme mapping.
Purity testing includes residual Benzonase, Triton testing. For po-
tency, ddPCR and ELISA are employed as well as in vivo testing.
Safety testing includes methods for detection of retrovirus, adven-
titious agents, sterility, mycoplasma, endotoxin, and bioburden.

Autologous therapies use the patient’s own T-cells which
are reprogrammed making use of VVs. The patient is at the be-
ginning and end of the supply chain. The quality of cells differs,
so even though it is not possible to produce a standard, the prod-
uct must meet certain specifications. Process comparability is
more frequently required with a more complex design, which
requires adequate analytical methodologies capturing the CQAs.
Rapid disease progression may be an issue, and product shelf-life
can be short: quality control release testing is time-critical. A
step-wise release process, e.g. interim sterility, may be needed.
Automated plate-reading technologies allow faster turn-around
times (TAT). Generally, methods applied include: Identity: PCR
testing for transgene presence. Safety: Endotoxin, sterility, my-
coplasma, and virus DNA qPCR. Purity: Cellular phenotyping by
flow cytometry for viable T-cell percentage. Transduction effi-
ciency is tested by CAR, qPCR, and cell viability test. Impurities:
Microscopy to check for residual beads. Potency: Release of

Interferon Gamma in response to CD19-expressing target cells
(Cluster of Differentiation 19, B-lymphocyte antigen).

Allogenic therapies allow for off-the-shelf centralized
manufacturing. They stand out for their scalability with challenges
similar to those of traditional biologics. Induced pluripotent stem
cells can differentiate into any of the 220 plus cell types found in
the human body. This allows for tissue material standardization
and analytical method standardization. Allogenic CAR-T has the
potential to solve the major CAR-T challenge of donor variability
with a pool of well-characterized reference donors. CQAs to be
tested are less variable. There are multiplex gene editing options,
and a combination of viral and non-viral methods can be employed.

Exosomes function as intercellular messengers and are key
mediators of cell-to-cell communication by transfer of nucleic acids,
proteins, and lipids and accordingly influence functional aspects of
recipient cells. All cells produce and absorb these round nanovesi-
cles. They play fundamental roles in altering the activity of recipi-
ent cells as a response to physiological stress and disease. Tailored
functional assays are required for Exosome quality control testing.

Generally, analytical quality control methods must be ca-
pable of testing for safety, identity, strength, purity, and overall
quality (SISPQ). The methods must be validated for specific-
ity, accuracy, precision, linearity, range, limit of detection, and
limit of quantitation in accordance to the regulatory guidances.
Robustness criteria need to be met.

All main areas in cell and gene therapy are unique and with
specific needs for both manufacturing and the analytical sci-
ences. The requirements on product quality and the analytical
methodologies remain the same as with traditional treatments.

Received: June 15, 2022
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Fig. 1. The Lonza Cocoon® system for the manufacturing of autologous
cell therapies.
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Ultrastructure Expansion Microscopy to Uncover
Novel Features of the Parasite Trypanosoma brucei
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Trypanosoma brucei is a single-celled eukaryotic parasite
causing human African sleeping sickness and nagana in cattle.
The parasite is transmitted by the tsetse fly in sub-SaharanAfrica
and infections in humans are fatal if left untreated. Aside from
the medical and also veterinarian relevance, T. brucei has been
developed into a model system for a number of basic biological
questions including flagellum- and mitochondrial biogenesis.

The flagellum is required for the propulsion of the cell and
attaches alongside the cell body. Biogenesis of the highly con-
served flagellar structure initiates at the basal body inside the
cell, which itself is also a very conserved organelle in biology. In
T. brucei the basal body is in proximity to the mitochondrial ge-
nome, which is termed kinetoplast or kDNA. In fact, the kDNA is
physically linked to the basal body via the unique protein-based
tripartite attachment complex. Since this structure is essential for
the parasite and is not present in the human or animal host it pro-
vides a potential avenue for therapeutic interventions.

In order to better characterize this ~200 nm wide structure
inside the cell we require high-resolution microscopy techniques.
Ultrastructure Expansion Microscopy (U-ExM) is a powerful
novel approach to overcome resolution limits in microscopic im-
aging by increasing the size of the sample rather than increasing
the resolution of the microscope.[1] We recently adapted the pre-
viously developed approach to trypanosomes.[2,3] For this the T.
brucei cells are incubated in an anchoring solution to link all cell
components to a gel polymer at nanometer scale. After the po-
lymerization of the gel, the sample is heated to 95 °C in a solution
with detergent to prepare the cell for the expansion step, which
is followed by standard immunofluorescence staining to iden-
tify the molecular components of interest. The U-ExMmethod is
compatible with epifluorescence or confocal microscopy, result-
ing in ~ 50 nm to 10 nm spatial resolution. In this our study the
cells were isotropically expanded to 4.5 times their original size,
which allowed us to closely observe the mitochondrial kDNA
and its associated protein factors.

U-ExM enables the localization of individual cell com-
ponents at nanometer scale, thus bridging the gap between
light- and electron microscopy.
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Fig. 1. U-ExM workflow in T. brucei.
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Fig. 2. Representative images of non-expanded and expanded
T. brucei. Cells stained with anti alpha-tubulin antibodies (magenta;
Alexa 647) and DAPI (cyan; kDNA and nucleus).
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A Novel Chemical Assay that Brings Endotoxin
Analysis into the 21st Century
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Endotoxins (ETs) cover, non-covalently bound, to about
75% the outer cell wall of all Gram-negative bacteria. These
are ubiquitously found in our environment, e.g. in non-sterile
pharmaceutical preparations and bioprocesses, nutrition, and
at working places like butcheries or cotton fields. If ETs enter
the human blood stream, they initiate at very low concentrations
a strong immune response with potentially fatal outcome. In
consequence, health authorities worldwide regulate strictly the
maximal ET content in pharmaceutical preparations at very low
levels, e.g. 0.25 EU (0.025 ng)/mL for water of injection.

Today, ET testing is performed with biological assays; the
gold standard is the 1977 FDA-accepted Limulus Amoebocyte
Lysate (LAL) assay. However, for the widely used LAL test,
the blood of horseshoe crabs (Limulus polyphemus) is needed, a
marine species that is highly endangered. Those biological assays
are very sensitive and specific to the complex, heterogeneous,
and large molecular weight distribution of ET molecules. But
they are expensive and show inherent poor reproducibility and
recovery. Results are strongly dependent on sample handling and
composition. That may lead to false negative test results as shown
for certain ET-spiked monoclonal antibody (MAB) formulations,
endangering patient safety.

In the framework of an ET-removal depth filter development
project, our group established a reproducible, automatable, low-
cost chemical ET assay. Every ET molecule contains one to three
units of 3-deoxy-d-manno-oct-2-ulsonic acid (Kdo), which is
almost only found in ETs. Kdo is quantitatively released by mild
acidic hydrolysis. To reach sensitive detection, Kdo is derivatized
with the fluorophore 1,2-diamino-4,5-methylenedioxybenzene-2
HCl (DMB) which recognizes specifically its α-keto-acid
functionality. That circumvents matrix effects of, e.g., neutral
sugars from the ET molecule or proteins, present in complex
bioreactor matrices. DMB increases Kdo’s hydrophobicity,
making it suitable for reversed-phaseHPLC separation, e.g., from
sialic acids. The Kdo content is converted to ET content. LAL
and Kdo-DMB-HPLC assay results show a strong correlation
even in crude bioreactor ET samples.

The Kdo-DMB-HPLC assay opens the transition of
endotoxin analytics to the 21st century.
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Art picture of an E. coli bacteria cell in front of a horseshoe crab
whose harvested blue blood is used to extract the enzymes needed to
perform the conventional LAL assays. In the foreground on the right,
an exemplary chromatogram is visible as it is obtained for Kdo-DMB
separation from sialic acids in a Gram-negative bacterium bioreactor
matrix.

Scheme of the Kdo-DMB-LC assay workflow. The first step is mild
acidic hydrolysis of the ET molecule followed by derivatization of the
released Kdo sugar acid with the fluorophore DMB. The mixture is
separated by RP-(U)HPLC from matrix compounds, and Kdo-DMB is
detected via fluorescence detection.
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Broken glass is a common piece of evidence in burglaries, car
crashes, and violent crime.When a glass object breaks, fragments
are spread in the surrounding area and can be found in the clothes
and skin of people who were in the vicinity at the time of the
object breaking. If glass fragments found on a suspect are from
the same source as the fragments at a crime scene, it can link the
suspect to that crime scene.

In order to determine whether two fragments originate from
the same source, different glass properties are analyzed and
compared. The most successful application so far is the use of
Single-Pulse Laser Ablation Inductively Coupled Plasma Mass
Spectrometry (LA-ICPMS) to quantify the concentrations of a set
of elements in samples of known and unknown origin and com-
pare them to one another. The court-approved establishedmethod
makes use of sequential mass analyzers and high-dispersion ab-
lation cells, using long and stable signals for quantification. Six
measurements are made using large spot sizes and 500–600 laser
pulses for each data point. However, this method requires larger
samples of the size of 400 µm x 200 µm x 100 µm (20 µg), while
most of the fragments found on suspects are smaller.

Changing to fast-washout low-dispersion ablation cells, in-
dividual laser pulses can be resolved and the sample is analyzed
layer by layer with each pulse representing an independent mea-
surement. This allows to get more information out of the small
samples and to quantify using less material. As sequential mass
analyzers are too slow for multi-elemental analysis of the faster
transient signals, a (quasi-) simultaneous time-of-flight mass
analyzer was used instead. Furthermore, it was possible to sig-
nificantly increase the amount of data points, allowing for more
sophisticated options with the statistical treatment of the mea-
surements.

This approach allowed for a 25-fold reduction in the
amount of sample material required to 100 µm x 100 µm x
33 µm (0.8 µg) while offering comparable matching and mis-
matching capabilities.
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Ratios of concentrations for glass fragments when compared to frag-
ments of the same source or a different source.

Photograph of a typically sized glass fragment found as evidence on a
suspect, placed on tape.
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Chlorinated paraffins (CPs) are complex mixtures of poly-
chlorinated alkanes with carbon chain-length n

C
between 10 to 30

(C-homologues) and chlorine numbers n
Cl
between 2 to 14 (Cl-

homologues). CP materials are widely used in metalworking flu-
ids and in plastic. Short-chain CPs (SCCPs, C

10-13
) are restricted

and classified as persistent organic pollutants (POPs) under the
Stockholm Convention. Medium-chain CPs (MCCPs, C

14-17
) are

under evaluation for legal restrictions as well, while information
about environmental hazards of long-chain (LCCPs, C

≥18
) is scarce.

Technical CP mixtures can contain hundreds of homologues and
millions of constitutional isomers and stereoisomers. This analytical
complexity increases even more when CP transformation products,
such as chlorinated olefins (COs), are present.

We developed a method based on liquid chromatography cou-
pled to atmospheric pressure chemical ionization and Orbitrap
mass spectrometry (LC-APCI-Orbitrap-MS) with mass reso-
lution of ≥100’000 that allows to study complex CP mixtures.
Respective mass spectra can contain up to 7’300 ions from 384
homologues. Manual data processing of this vast number of ions
consumes several weeks.

Therefore, we developed an R-based automatic spectra eval-
uation routine (RASER) to identify and read-out MS-signals
and report here data from a plastic insulation. The algorithm
identifies signals by comparing simulated isotope clusters with
measured ones. With RASER, CP-distributions of such materi-
als were obtained within hours only. The workload to evalu-
ate such mass spectra was reduced by a factor of 75. In total,
2’225 signals from 163 CP-homologues were identified in the
spectrum of the plastic material. The distribution is bimodal
with respect to the C-homologues and unimodal with respect
to the Cl-homologues. MCCPs (52%) were the major CP-class,
with relevant contributions of SCCPs (23%) and LCCPs (25%).
Therefore, LC-APCI-Orbitrap-MS in combination with
RASER is a selective and time-efficient method to study
complex CP mixtures from plastic materials and environ-
mental samples.
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Technical CP mixtures are applied in plastic materials as plasticizers
and flame-retardants. Photo by Marco C. Knobloch.

Evaluation of complex CP mass spectra from LC-APCI-Orbitrap-MS
can take weeks when done manually. RASER reduces the workload
to hours and provides C- (n

C
= 9 to 30) and Cl- (n

Cl
= 4 to 14) homologue

distributions of CPs as found in the plastic coating of various electric
cables.
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Zwischgold – The Secret Nanomaterial of Medieval
Gilding
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Zwischgold is a bi-layer metal leaf made from a thin gold
layer atop a silver base. Since it uses less gold to present an actual
gold surface than simple gold leaf, its application was popular on
medieval sculptures and altarpieces, and was strictly regulated by
guilds. However, information about the materials and production
of medieval Zwischgold is scarce. In addition, the chemical insta-
bility of the silver component has been an obstinate problem for
the conservation of Zwischgold artefacts. Difficulties in identify-
ing well-preserved examples[1] and the need for nanoscale mea-
surements[2] have also hindered modern research of Zwischgold.

We used an advanced imaging technique, Ptychographic
X-ray computed tomography (PXCT), to measure nanoscale,
quantitative 3D images of a Zwischgold micro-sample taken
from the central figure Mary of the 1420-dated Leiggern Altar,
which is on permanent exhibition in the Swiss National Museum,
Zurich. The PXCT measurements clearly demonstrate a decreas-
ing density (increasing porosity) of the leaf materials and the
development of corrosion products within this 800-year-old sam-
ple. The voids at the underside of the metal leaf that reach over
50% of the total leaf area indicate a delamination tendency of the
leaf from its substrate, which may be a critical issue for the future
conservation of Zwischgold-applied artefacts.[3]

The PXCT measurements show that the Mary sample has an
average gold layer of ca. 127 nm and full leaf thickness of ca. 252
nm, which stand at the higher end of the thickness range observed
in our previous SEM measurements of 74 medieval samples.[2]
The nanoscale thickness range (ca. 20–50 nm) of the gold layer
of medieval Zwischgold strongly supports its competitive market
price compared to gold leaf (ca. 160 nm thick on average[4]).

The revelation of nanomaterials in Zwischgold demon-
strates that theMiddleAges was not the DarkAges but rather
a climax epoch that produced exquisite art technologies.
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(a) Segmented PXCT 3D image of the Mary sample showing the loca-
tions of Au (red), Ag (blue), silver corrosion products (green), voids (or-
ange), and other segments in shades of grey. (b) Stack plot of the depth
profile of the sample, aligned to the Au segment. Reproduced from Wu
et al.[3]

The central altar figure Mary (Inv. No. LM16701.2) in the Leiggern Altar
(Inv. No. LM16701.1), 1420, Swiss National Museum. The sample-
taking position is indicated by a green arrow. Reproduced from Wu et
al.[3] Copyright: Schweizerisches Nationalmuseum, (source: Inv. No.
LM16701.1, DIG-2195).
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Nanoparticles Are Everywhere, Even Inside Trees
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The presence of natural nanomaterials in the Earth system has
always been abundant since billions of years. Since the Industrial
Revolution and the advent of nanotechnology, new types of nano-
materials are released into the atmosphere, water and soil as a
byproduct from human activities and as engineered nanoparticles
(NPs) from NP-based products. To understand the consequences
of NP pollution, numerous studies are assessing the fate, trans-
port and interaction of NPs in humans, organisms and environ-
mental systems.

Trees have been used for phytoremediation and as bio-mon-
itors of current and past pollution as they can store various con-
taminants in the roots, stems and leaves. Seemingly, trees must

have been exposed to naturally occurring NPs since they first
evolved. Recent evidence of foliar uptake and transport of silver
NPs in trees increased the attention on understanding the inter-
actions between NPs and trees. Today, still not much is known
about the mechanisms of uptake of these particles, neither the
risks related to their exposure, as a function of size and chemi-
cal properties of the NPs. This assessment will contribute to en-
lighten the potential role of trees in mitigating the NP pollution
and related impacts.

In the framework of studying trees as bioindicators of pollu-
tion, we used gold (Au) NPs as model NPs to investigate their
uptake and transport in European beech and Scots pine trees. We
found that Au NPs were taken up by roots and leaves, while a
small fraction was transported to the stem in both species. Gold
was transported from leaves to roots but not vice versa. 2D X-ray
fluorescence imaging of a beech leaf, complemented by 3D con-
focal XRFmicroscopy, revealedAuNPs hotspots sparsely distrib-
uted over the entire scanned part of the leaf.While severalAu NPs
were mostly trapped on the leaf surface, abundantly associated
with trichomes along the midrib and lateral veins, a small number
ofAu NPs could penetrate the leaf, probably through the stomata.

Our results show that trees can absorb NPs. Now we need
to understand how they translocate them to different tree
compartments.

Received: February 14, 2023
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Experimental design to investigate the (A) root and (B) leaf uptake and
transport of Au NPs in European beech and Scots pine trees. The NPs
were hydrophonically applied to the roots and sprayed to the leaves in
a greenhouse chamber at the WSL Swiss Federal Research Institute.

Microscopic, two- and three-dimensional chemical imaging. 2D XRF
images show the distribution of gold nanoparticles on leaf and petiole
of European beech (top row). A tomographic sub-volume (indicated
by the square), obtained by confocal X-ray microscopy, revealed two
isolated gold nanoparticles, one in the leaf blade and one inside/on a
trichome (bottom, right). The schematic representation of the section
of beech leaf indicates the position of the tomographic slice shown
in both panels. The 2D/3D chemical imaging was conducted at the
microXAS beamline at the Swiss Light Source of the Paul Scherrer
Institute.
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Visualizing a Carbon-Fixing Nanowire Inside Bacteria
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Bacteria have evolved unusual ways to obtain energy in ex-
treme environments with no oxygen. The hydrogen-dependent
CO

2
reductase (HDCR) enzyme from acetogenic bacteria is one

particularly ingenious example. HDCR performs the reversible
conversion of molecular hydrogen and CO

2
into formic acid much

more efficiently than any other known chemical catalyst. To un-
derstand how HDCR achieves such an impressive turnover rate,
we sought to visualize its molecular structure.

Working in collaboration with the research groups of Volker
Müller (University of Frankfurt) and Jan Schuller (University of
Marburg), we used cryo-electron microscopy to obtain a high-
resolution 3D structure of purified HDCR proteins. This advanced
imaging technique, pioneered by Swiss Nobel laureate Jacques
Dubochet, involves rapidly freezing the sample in vitreous ice
to preserve its structure under the electron beam. The results re-
vealed that HDCR is a novel type of biological nanowire, which is
decorated by hydrogenase and formate dehydrogenase enzymes.
The enzymes and nanowire proteins are all interconnected by a
chain of iron-sulfur clusters, which efficiently shuttle electrons

between the catalytic subunits, thereby coupling the hydrogen-
splitting and carbon-fixation reactions.

Furthermore, we also used cryo-electron tomography to visual-
ize the HDCR filaments in their native biological context inside
Thermoanaerobacter kivui cells. These cells were preserved in vit-
reous ice and then thinned by focused ion beam (FIB)milling before
tomographic imaging. The 3D reconstructions showed that around
100HDCRnanowires bundle together to form ~200 nm circular su-
perstructures attached to the cell membrane. This ordered bundling
of HDCR filaments in the cell may be a concentration mechanism
that further explains how these organisms are so efficient at carbon
fixation. How the HDCR nanowires attach to the plasmamembrane
and interact with the other components in the acetogenic metabolic
pathway are questions that remain to be explored.

Understanding themolecular architecture of HDCR paves
the way towards its use in biotechnological applications. For
example, it could be used to store hydrogen fuel in a more
efficient and safer way as formate, or in carbon-capture tech-
nologies aimed at mitigating global warming.
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Visualizing HDCR filaments using
cryogenic electron microscopy
techniques. a) Using cryo-elec-
tron tomography (cryo-ET) on
FIB-milled T. kivui bacteria, we
observed bundles of HDCR fila-
ments (blue) attached to the cel-
lular membrane (gray). b) These
native HDCR filaments were
resolved to 17 Å with subtomo-
gram averaging. c) Single-particle
cryo-electron microscopy (cryo-
EM) of purified HDCR filaments
resolved the structure to 3.4
Å. d) Combining the structural
data from cryo-EM and cryo-ET
at different scales, we built an
atomic model for the HDCR fila-
ments, showing that a nanowire
of iron-sulfur clusters (orange and
yellow) connects the catalytic
centers of the hydrogen-splitting
(HydA2) and carbon-fixing (FdhF)
enzymes.
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Drug checking services (DCS) allow recreational drug us-
ers to have drug samples chemically characterized. For the DCS
Drogeninfo Basel (DIBS) analyses are conducted at the Institute
of Forensic Medicine Basel. During sample collection, the visi-
tors, who remain anonymous throughout, are obligated to con-
duct a nationwide questionnaire and professional counseling.
After three days, the visitors are informed about the identity and
purity of the sample. During the pilot phase (mid-2019 to mid-
2022), 744 samples have been issued for analysis at the DIBS
with cocaine being the most commonly analyzed drug (25%).

For the analysis, high-performance liquid chromatography
coupled to a diode array detector (HPLC-DAD) is used. This
method is validated for the quantification of over 20 analytes,
spanning most important scheduled drugs (e.g. amphetamines
and cocaine) and adulterants (e.g. caffeine, levamisole, phenac-
etin). In cases of ‘designer drugs’, further technologies are often
required. Thus, gas chromatography coupled to mass spectrom-
etry, GC coupled to vapor phase infrared spectroscopy (GC-IR),
HPLC coupled to high-resolution mass spectrometry (HPLC-
HRMS), and attenuated total reflectance IR (ATR-IR) are regu-
larly applied.

In 2020, the emergence of low-tetrahydrocannabinol (THC)
cannabis treated with synthetic cannabinoids (SCs) was observed
in Switzerland. Such products were sold to users who believe that
they are purchasing regular marihuana. SCs are potent syntheti-
cally produced compounds which act at the same target in the
human brain as THC (the main active ingredient of cannabis) but
have significantly aggravated risk profiles. Consequently, these
novel adulterated products raised serious public health concerns.
DCS enabled the rapid detection and monitoring of this trend,
which has recently seen a significant drop in numbers. In 2020,
a comprehensive qualitative screening method targeting over 60
SCs was developed and validated using HPLC-HRMS.

State-of-the-art technologies (e.g. GC-IR and HPLC-
HRMS) and continuous development efforts are needed to
react to the ever-changing illicit drug market in the context
of DCS.

Received: April 11, 2023
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MDMA-tablet containing 167 mg MDMA. Thorough documentation of
tablets is required to be able to issue warnings that are made publicly
available through diverse channels.

Cannabis and hashish samples found to contain the synthetic cannabi-
noid MDMB-4en-PINACA. To distinguish treated from untreated prod-
ucts, chemical analysis is required.



536 CHIMIA 2023, 77, No. 7/8 Columns

Biomarker-based Diagnostics for Mild Traumatic
Brain Injury (mTBI) at POC – Rising to the Challenges

Marc E. Pfeifer*, Milica Jović, and Denis Prim
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(POC) diagnostics · Spatially resolved electrochemilumines-
cence immunoassay (SR-ECLIA)

Every year 56 million people worldwide experience mild trau-
matic brain injuries (mTBI, concussion), and there are plenty of
unreported cases. Contrary to moderate or severe forms of head
injuries, mTBI is difficult to detect with imaging techniques (CT,
MRI) and patients often have only unspecific or no apparent
symptoms. Repetitive mTBI from multiple head impact events
(cf. sports accidents) has been associated with greater severity of
symptoms, longer recovery times, and with early onset of neuro-
degenerative diseases.

A laboratory in vitro diagnostic (IVD) test for mTBI devel-
oped by Banyan Biomarkers was approved by the FDA in 2018.
The test is based on a chemiluminescent ELISA for determining
two biomarkers, glial fibrillary acidic protein (GFAP) and ubiqui-
tin carboxyl-terminal hydrolase isozyme L1 (UCH-L1) in blood
samples. Early 2021 Abbott pioneered the first handheld POC
diagnostic test based on their i-STATTMAlinityTM device to mea-
sure these two biomarkers amperometrically. Other companies,
such as Medicortex, NanoDx, and ABCDx followed the same
path, developing POC diagnostic tests based on other analyti-
cal techniques and (partially) different biomarkers. However, all
these approaches are limited by the number of biomarkers that
can be measured simultaneously.

Aiming to develop a ‘next-generation’ POC multiplex IVD de-
vice for mTBI, our group established both a demonstrator device
and a sensitive 3-plex assay to simultaneously quantify the biomark-
ers GFAP, human fatty acid-binding protein (h-FABP), and S100
calcium-binding protein B (S100b). The test is based on a spatially
resolved electrochemiluminescence immunoassay (SR-ECLIA),
supported by a low-cost screen-printed carbon electrode (SPCE)
that can be integrated into a disposable cartridge. Signal generation
occurs at distinct areas of the electrode functionalized with cap-
ture antibodies, via a tripropylamine-mediated redox process with
Ru(bpy)

3
2+-luminophores attached to detection antibodies. At the

current development stage, the demonstrator is a compact tabletop
device that includes a specifically designed light collection module
and an sCMOS detector. The threemTBI biomarkers can reproduc-
ibly be quantified in 50% diluted serum in the pg mL–1 range.

The demonstrator device and assay signify milestone
achievements towards a future high-sensitivity multiplex
IVD system for mTBI testing at the POC.

Received: June 7, 2023
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Fig. 1. Simulated use case scenario with a person having suffered a
TBI and first responders providing ad hoc patient care at the site of an
accident. At the bottom right, on the foldable patient stretcher, a model
of the envisioned POC diagnostic device for multi-biomarker detection
with inserted sample preparation cartridge is depicted. The five bars on
the display represent results from a putative 5-plex SR-ECLIA. Device
designed by MADI comunicazione and Marc E. Pfeifer. Copyright HES-
SO Valais-Wallis (based on Shutterstock photo).

Fig. 2. Early proof-of-principle of the spatially resolved electrochemilu-
minescence immunoassay (SR-ECLIA) experiment for the concurrent
detection of the mTBI biomarkers h-FABP, GFAP and S100b in dupli-
cate spots.
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A Simple, Rapid and Validated Method for the
Determination of Free Volatile Carboxylic Acids in
Cheese by GC-FID

René Badertscher, Grégory Pimentel*, Carola
Blaser, and Priska Noth
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Free volatile fatty acids, or more precisely free volatile car-
boxylic acids (FVCA), are formed during cheese ripening by
microorganisms via heterofermentative lactic acid fermentation
or amino acid deamination. FVCAs content varies greatly from
a cheese to another, depending on the type of bacteria or yeasts
present, and contributes significantly to the final taste and flavor
of each cheese.While the presence of some FVCAs is associated
with desirable typical flavors (e.g. propionic acid in Emmental
cheese), other FVCAs, resulting from fermentations by undesira-
ble microorganisms, can lead to unpleasant flavors or eye forma-
tion. Therefore, the quantification of FVCAs is of great interest in
cheese manufacturing as it can reveal ripening defects.

Many different approaches for FVCAs quantification have
been proposed over the years, improving sensitivity, but remain-
ing complex to implement. Such methods combine extraction
(with polar or apolar solvents, dynamic headspace, solid phase
(micro)extraction), pre-purification with various adsorbents,
conversion into sodium salts, drying, esterification and analysis
using gas-chromatography coupled with flame ionization (GC-
FID), thermal conductivity or mass spectrometry detectors.

Our new method allows the simultaneous quantitative de-
termination of FVCAs, and has been validated for eight target
analytes. It uses a weakly basic aqueous extraction, followed by
an esterification with ethanol directly from the aqueous phase in
a headspace vial. The ethyl esters thus formed are then analyzed
by GC-FID. The conditions for the extraction, esterification, and
headspace (amount of ethanol, sodium hydroxide concentration,
time and temperature) were optimized over the years. The limits
of detection (LOD) in cheese were less than 0.3 μmol kg–1. The
lower limits of quantitation (LOQ) were better than 0.001 mmol
kg–1. The upper LOQ varied from 39 to 136 mmol kg–1 depending
on the analyte. The Horwitz ratio showed good precision for all
analytes (less than 0.77).

Our new method is simple and rapid to implement. The
validation parameters of trueness, specificity, precision,
LOD, and LOQ demonstrate that it is sensitive, robust and
suitable for accurate quantification of FVCAs over a wide
range of measurements in cheese, in bacterial culture, and
potentially in other type of matrices.

Reference
R. Badertscher, C. Blaser, P. Noth, Food Chemistry 2023, 398, 133932,
https://doi.org/10.1016/j.foodchem.2022.133932.

Agroscope’s experimental cheese factory (A), Agilent 8890 gas chroma-
tograph coupled with a flame ionization detector and a PAL3 autosam-
pler in headspace mode (B).

Chromatogram of the free volatile carboxylic acids in their ethyl ester
form in a hard cheese sample. Formic acid (C1), acetic acid (C2), pro-
pionic acid (C3), isobutyric acid (i-C4), n-butyric acid (n-C4), isovaleric
acid (i-C5), isocaproic acid (i-C6) and n-caproic acid (n-C6). Samples’
headspace were analyzed with an Agilent 8890 GC-FID equipped with
an Agilent HP-5 cross-linked phenyl methyl silicone fused silica capil-
lary column, using helium as the carrier gas. The GC temperature pro-
gram was 40 °C (4 min), 8 °C.min–1 to 144 °C, then 30 °C.min–1 to
279 °C (0.5 min).
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Operando Surface Hydrogen Analysis by Plasmon
Spectroscopy

Andreas Borgschulte*, Emanuel Billeter, and Selim Kazaz
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Hydrogen is a ubiquitous element in the environment. The el-
ement plays a key role in biology, chemistry, and physics: It is
involved in numerous chemical reactions, from photosynthesis to
the combustion of its products, and plays an essential role in the
chemical industry and corrosion. The fast diffusion of hydrogen
in most materials, including nonorganic matter such as metals and
oxides, makes hydrogen an omnipresent impurity. Hydrogen is
used on large scale as a process gas in chemical industry. Under-
standing the interaction of hydrogen with matter is crucial for any
technology, with hydrogen involved as reactant, intermediate, or
product. Needless to say that hydrogen-solid interactions gain rele-
vance with the upcoming renewable hydrogen energy technology.

Hydrogen quantification in bulk materials is relatively
straightforward. However, the analysis of hydrogen at the sur-
face is much more difficult but no less important as it is the pre-
cursor of bulk hydrogen. Electron spectroscopy is the usual tool
to characterize surfaces; however, the most common one, X-ray
photoelectron spectroscopy, is a suboptimal technique for hydro-
gen detection due to the lack of a hydrogen core electron. The de-
pendence of plasmon excitation on the hydrogen content as mea-
sured by reflecting electron energy loss spectroscopy (REELS)
was found to be a reliable method to determine the sub-surface
hydrogen concentration, from which the surface hydrogen-pres-
sure composition isotherms are determined. The stability of hy-
drogen at the surfaces of hydrogen selective membranes is still

controversially debated and thus the ideal system to be studied by
the method. The Figure below shows the surface hydrogen pres-
sure composition isotherms of vanadium membranes as a proof
of principle of the technique. The energy dependence of REELS
reveals that the VH_x layer formed at higher pressures exhibits a
hydrogen concentration gradient at the surface. The experimen-
tal results deliver the input parameters to model and eventually
improve hydrogen-selective membranes.

Apart from hydrogen membranes, the laboratory-based
REELS method to analyze hydrogen at the surface of metals
and alloys is highly relevant for additional applications such
as hydrogen storage and hydrogen sensing.

Received: August 28, 2023
Reference
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Size comparison between a test device for measuring the permeability
of hydrogen selective membranes and a small industrial reactor. In
industrial membrane reactors, the membranes are designed as tube
bundles, while a flat design (a flat membrane is inserted at the location
indicated by index finger) is chosen for scientific characterisation. The
need for cheap membrane materials is obvious.
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Left: Principle of reflecting elec-
tron energy loss spectroscopy
(REELS) inset. Left and right:
REELS difference spectra of the
downstream surface of a vanadi-
um membrane at 100 °C exposed
to incrementally increased hydro-
gen pressure as 2D-contour plot
showing the continuous change
of the spectra upon hydrogen up-
take particularly strong at 5 and
8 eV. The corresponding pressure
surface composition isotherms
are derived from the area ratio at
these loss energies and the mea-
sured permeate pressure.
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Analysis of Breath-related Volatile Organic
Compounds with Laser Absorption Spectroscopy

Miloš Selakovićab, Raphael Brechbühlera, Philipp Scheid-
eggera, Herbert Loosera, André Kupferschmidc, Stéphane
Blaserd, Lukas Emmeneggera, Renato Zenobib, and Béla
Tuzson*a
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nic compounds (VOCs)

On-line breath analysis has gained much interest in recent
years as it has great potential for non-invasive point-of-care di-
agnostics and personalized medicine. Mass spectrometry is the
most frequently used technique, mainly for the untargeted analy-
sis of exhaled breath and the identification of volatile organic
compounds (VOCs) as biomarkers. For routine monitoring of
established biomarkers, however, there is a need for a method
that can provide fast and accurate response in a compact, easy-to-
use, and cost-effective instrumentation. Here, mid-infrared laser
absorption spectroscopy (LAS) is a promising alternative tech-
nique, as already demonstrated by the wide range of monitoring
applications, especially for small inorganic gaseous compounds.

Optical analysis of VOCs is, however, far more challenging,
because these compounds often exhibit broad, congested, and
spectrally overlapped absorption spectra. Consequently, there
is a stringent requirement on the laser source to provide broad
spectral coverage and high spectral resolution for a selective and
accurate multi-VOC analysis.

Our proposed solution to cope with this requirement is the
extended-tuning quantum cascade laser (QC-XT). Using this
device, we developed a spectrometer that can access six spec-
tral windows spanning over 40 cm−1 and provide high-resolution
scans (~10−4 cm−1) within the individual windows. Custom-built
electronics allow rapid switching between and tuning within the
six windows (~3300 scans/s), resulting in the measurement of
one complete spectrum every 360 ms. With this approach, we
can quantify VOCs at amount fractions down to tens of ppb. The
broad measuring range and the high spectral resolution of the
spectrometer, combined with the unique spectral fingerprints of
the investigated VOCs assure excellent selectivity of the method
and enable multi-compound measurements in the breath.

This approach allows for the simultaneous measurement
of concentration profiles of several VOCs, water vapor and
CO2 in one breath strokewith a relative expanded uncertainty
(k = 2) of <2 %.

Received: September 28, 2023
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Illustration of the measurement concept. The multi-frequency mid-IR
light beam (around 9.25 µm) emitted by the QC-XT laser is coupled into
a multi-pass absorption cell (76 m optical path) before reaching the IR
detector. A recorded spectrum of pyridine, on top, is shown as a typical
example of a broad and congested absorption spectra of VOCs. The
spectrometer targets on-line VOC analysis of human breath samples.

Methanol profile in breath before and after consumption of baby bana-
nas measured on-line with the laser spectrometer. Methanol level was
expressed as a mean value of measured amount fractions in the last
part of a single breath stroke as indicated by the gray bar in the inset.
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Fluorescently Labelled Tau Protein
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Aggregation of microtubule-associated protein Tau (MAP-
Tau) is involved in the progression of Alzheimer’s disease and
other neurodegenerative disorders. Collectively, these diseases
are termed tauopathies and affect millions of people worldwide.
Therefore, monitoring the aggregation of Tau protein is critical
for a better understanding of the pathological mechanisms of
neurodegenerative disorders. In this framework, single-molecule
fluorescence microscopy provides a compelling tool for studying
the formation of Tau aggregates. One challenge, however, is that
labeling Tau monomers with a fluorescent dye may interfere with
the regions involved in aggregation. The two hexapeptide hydro-
phobic regions in the microtubule-binding repeats R2 and R3,
which are responsible for Tau aggregation, and the cysteine resi-
due Cys-322, which is involved in the formation of dimers that
putatively drive the formation of fibrils, should not be perturbed.
Conventional approaches for preparing fluorescent derivatives of
Tau protein are, however, targeted to cysteine or lysine residues
and may hence perturb these essential regions of Tau.

Here, we designed a strategy to label Tau at its C-terminus,
using an approach mediated by the enzyme Sortase-A.We added
a short peptide sequence (LPETGG) to the C terminus of full-
length Tau, which enables Sortase-A to bind to the threonine
(T), forming a thioester. Then, a histidine-tagged fluorophore
(GGGH6C-Alexa647) is conjugated to Tau, with the terminal
glycine replacing the thioester with an amide bond and cleav-
ing off Sortase-A. We chose the fluorophore Alexa647 for its
photostability and for its strong fluorescence emission in the
far-red region of the visible spectrum, which prevents its excita-
tion and emission spectra to overlap with those of Thioflavin T
(ThT), a commonly used fluorophore for monitoring Tau aggre-
gation. Results from circular dichroism (CD) spectroscopy and
frommonitoring ThT fluorescence revealed that theseAlexa647-
labeledTaumonomers have similar secondary structures to native
Tau and that the presence of the fluorophore exhibits minimal ef-
fect on aggregation kinetics. Characterization of the morphology
of Tau fibrils by transmission electron microscopy (TEM) and
atomic force microscopy in a liquid cell revealed no difference
between fibrils from native (wildtype) Tau and the C-terminally-
labelled Tau introduced here.

This approach provides an effective way to prepare flu-
orescently labeled Tau protein while minimizing possible
effects on its aggregation kinetics and fibril morphology.
Since site-specific labeling by Sortase-A can also be carried
out inside living cells, the resulting Alexa647-labeled Tau
protein may be useful for studying Tau aggregation in vivo
and for carrying out single-molecule fluorescence micros-
copy studies.

Received: November 6, 2023
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Transmission electron microscopy images of amyloid fibrils formed by
native and Alexa647-labelled Tau protein. Sortase-mediated C-terminal
labeling of Tau does not affect the overall morphology of amyloid fibrils.
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Fluorescence microscopy images of amyloid oligomers, protofibrils and
fibrils formed by native and labelled Tau protein. Left: Native Tau protein
labeled with thioflavin T (ThT) in solution. Right: Alexa647-labeled Tau
protein without ThT in solution.
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Harvesting at Night or During the Day – What is the
Impact on the Sauvignon Blanc’s Varietal and Aroma
Profiles?

Pascal Fuchsmann*, Thierry Wins, Ágnes DienesNagy,
Stefan Bieri, and Andreas Bühlmann
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Grape harvesting at night is often used as a marketing argu-
ment. It gives it a romantic edge. But what about the advantages
of these methods on aroma generation in wine production?

One of the main reasons for harvesting at night is to preserve
the quality of the grapes and thus increase the quality of the re-
sulting wine. Harvesting at night allows the grapes to be picked at
a lower temperature than during the day. What about the impact
of temperature on the grapes? Uncontrolled fermentation by mi-
croorganisms naturally present on the grapes can lead to lower
quality wines. Higher temperatures additionally lead to chemical
changes and in particular oxidation of aroma compounds and their
precursors, and the risk of the production of off-flavours due to
spontaneous microbiological processes in defective grapes.

A comparative study carried out in collaboration between
Agroscope and theWeinbauzentrum inWädenswil (Switzerland)
was carried out with Sauvignon Blanc grapes harvested on the
shores of the Lake of Zürich (Switzerland). The aim of the proj-
ect was to demonstrate the impact of harvest time (day or night)
on Sauvignon Blanc quality. The night harvest was carried out
between 00h00 and 06h00 in the morning. The daytime harvest
took place between 06h00 and 13h00.

The thiol analysis shows that the 3-mercaptohexanol (3MH)
and 4-mercapto-4-methylpentan-2-one (4MMP) thiols typical of
Sauvignon Blanc are in greater concentration in the wines ob-
tained after night-time harvesting. These results indicate that the
precursors of these compounds are generally better preserved
with night harvests.Additionally, the analysis of the volatile com-
pounds showed significant differences between the two harvests.
C6-volatile compounds and esters showed the greatest differences.

Numerous external parameters influence aroma forma-
tion in the juice prior to fermentation, and subsequently in
the resulting wine. Of course, the yeasts selected for fermen-
tation make a major contribution to the final aroma. Apart
from economic and ecological reasons, the negative impact of
too high a temperature at harvest is an important factor in the
formation of aromatic precursors in grape juices. This study
also raises new questions. Would night harvesting also have a
positive effect on other grape varieties? Does night harvesting
in a hot climate or a temperate climate show the same results?
Does natural light during harvest also have an impact?

Received: December 19, 2023

Fig. 1. Night harvesting of Sauvignon Blanc grapes on the shores of
Lake of Zurich (K. Mackie-Haas, Agroscope).

Fig. 2. 3-mercaptohexanol and 4-mercapto-4-methylpentan-2-one in
Sauvignon Blanc grapes (K. Mackie-Haas, Agroscope).
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Reducing Endotoxin Contamination in Biopharma-
ceuticals for Happier Biotechnologist?

Anika Hoffmann, Kevin Pacios, and Franka Kalman*
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Bacterial bioreactors are frequently used in the biopharma-
ceutical industry.About 30% of approved therapeutic proteins are
produced in Escherichia coli strains and include products such
as human insulin or antibodies, e.g. Ranibizumab marketed as
Lucentis® by Genentech. E. coli is a Gram-negative bacterium.
Hence, it has endotoxin molecules integrated in its outer mem-
brane. During cell growth, lysis, and environmental adaptation
processes, these molecules are released into the culture media.
Therefore, endotoxins are widespread contaminations in antibod-
ies, bioplastics, or plasmid DNA produced by bacterial cultiva-
tions. They are very potent fever-inducing immunostimulants that
can cause organ failure at pg mL–1 concentrations when inside
the human blood stream. Consequently, products such as inject-
ables or biomaterials for medical applications need to undergo
very costly, time-consuming, and tedious downstream processing.

Could the endotoxin contamination of the product be mini-
mized by changing cultivation conditions, thus leading to lower
manufacturing costs and increased product safety? To answer this
question one needs a method to measure their concentration in a
simple and economic way.

The Kdo-DMB-LC assay allows endotoxin quantification in
challenging bioreactor matrices in a straightforward way. The
sugar acid 3-deoxy-D-manno-2-ulosonic acid (Kdo) is used as
an endotoxin marker. Released under mild acid hydrolytic condi-
tions, Kdo is derivatized with the fluorophore 1,2-diamino-4,5-
methylenedioxybenzene (DMB), and separated by HPLC from
matrix compounds. The endotoxin concentration was analysed in
lab- and pilot-scale bioreactors of E. coli K12 cultivated under
different conditions: one using glucose as the carbon source and
the other using a carbon source mix of glucose and arabinose. A
comparison of the ratio between the endotoxin concentration in
the cell culture media and the dry cell weight of samples at differ-
ent cultivation times showed that less biomass was produced with
the mixed carbon source and more endotoxin was released by the
bacteria. Bacteria that grow on their preferred food, i.e. in glucose
medium, have less adaptation pressure and release less endotoxins.

Our results show that changing bioreactor cultivation condi-
tions can change the endotoxin contamination levels to deal with
during downstream processing. Material costs and time expenses
can be lowered in the future.Or: Happy bacteria lead to happy
biotechnologists.

Received: January 20, 2024
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Fig. 1. Lab scale bioreactor with an Escherichia coli K12 culture. This
bacterial strain is used to produce injectables such as antibiotics that
need to be endotoxin-free.

Fig.2. Ratio of released endotoxin amount [ng] per bacterial biomass
[µg] for E. coli K12 grown on different carbon sources as glucose (blue
dots) and glucose / arabinose (orange diamonds).
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Phytotoxins (PTs) are bioactive compounds originating from
plants. Typically, they are small molecules (<1000 Da) acting as sec-
ondary metabolites to support plant growth and development. When
released into the environment, PTs are recognized as a new category
of environmental micropollutants and can lead to adverse effects
when the exposure levels exceed the tolerance thresholds for hu-
mans and animals.[1]To date, only a small number of PTs have been
investigated in terrestrial and aquatic environments. Consequently,
our understanding of their environmental occurrence, transport, fate,
and eco-toxicological risk remains limited.

Detecting and monitoring PTs in terrestrial and aquatic environ-
ments is challenging. This is due to their structural diversity, spatial
variability influenced by e.g. vegetation and land use, and fluctuat-
ing loads tied to seasonal and climatic factors. The lack of refer-
ence standards and informational databases further complicates their
qualitative and quantitative analysis.

To tackle the challenge, we suggest Source Supported Suspect
Screening (4S), a liquid chromatography-mass spectrometry based
analytical strategy in combination with knowledge on plant second-
ary metabolites to detect and identify specific source-related chemi-
cals. The 4S approach enables fingerprinting analysis of PTs along

their temporal and spatial trajectories, from plant origin to environ-
mental occurrence and fate in soil and water. Demonstrated in a five-
month crop field experiment in Switzerland with blue lupin (Lupi-
nus angustifolius L) (Fig. 1), the 4S approach successfully enabled
the detection of 41 flavonoids and 12 alkaloids in agricultural soil,
drainage water or surface water, linking them to the lupin plant (Fig.
2).[2] The study also revealed that the occurrence and abundance of
PTs in terrestrial soil and aquatic environments can be influenced by
both the stage of plant growth and weather conditions. The success-
ful application of the 4S approach in the lupin field study suggests a
great potential for using source-supported strategies in investigations
of PTs in aquatic and terrestrial environments.

The 4S approach can be an efficient and reliable strategy for
analyzing PTs in plant, soil and water, elucidating their occur-
rence from downstream environments back to the plant’s origin.

Received: February 26, 2024

[1] T. D. Bucheli, Env. Sci. Technol. 2014, 48, (22), 13027,
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Fig. 1. Photo of the lupin plant. Lupins are a popular European legume
crop. The seeds are rich in protein content, making them a promising
substitute for soybeans. However, the plant produces alkaloids and fla-
vonoids which can become toxic when exceeding certain thresholds.
© Agroscope, Gabriela Brändle
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Fig. 2. Illustration of using 4S
strategy to identify lupin-produ-
ced phytotoxins (PTs; flavonoids
and alkaloids) in the downstream
terrestrial and aquatic environ-
ments. sPLE, selective pressu-
rized liquid extraction; mSPE,
multi-layer solid phase extraction;
UHPLC, ultrahigh-performance
liquid chromatography; HRMS,
high resolution mass spectro-
metry.
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Towards Elimination of Aircraft Soot Emissions
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About a million tons of carbonaceous (soot) nanoparticles are
released every year by aviation through incomplete combustion
of jet fuel. Such nanoparticles are rather toxic affecting the health
of airport employees and nearby communities. Furthermore, air-
craft soot emissions contribute to global warmingmainly through
the formation of contrail cirrus clouds that make up more than
half of the total climate impact from aviation. Climate models
have revealed that a 90 % reduction of soot emissions can halve
the climate effect as a result of contrail cirrus clouds.

Such a reduction can be attained through judicious injection
of air downstream of aircraft combustors. In fact, the design of
quite a few of these combustors are based on the rich-quench-lean
(RQL) concept where swirling and cross-flow jets of air are used
in the primary (rich) zone of the combustor to burn the fuel and
generate the required energy for aviation resulting in high con-
centrations of soot (Fig. 1). This is followed by a lean zone where
additional air is injected to oxidize that soot. However, only a
fraction of it is removed in current RQL combustors. This is at-
tributed to the inhomogeneity of oxygen concentration and high
temperature particle residence time (HTPRT) there. As a result,
some soot survives oxidation and escapes into the atmosphere.

Here, an enclosed unit for spray combustion of jet fuel fol-
lowing the RQL concept is used that emulates soot emissions
from aviation. The elimination of such emissions is explored by
systematic swirl-injection of O

2
-containing N

2
through 12 jets

using a torus ring. This unit has been designed by computational
fluid dynamics (CFD) to optimize the mixing between particles
and gases and closely control the HTPRT. It has been shown that
increasing the O

2
concentration to 20 vol % in its dilution zone

of this unit enhances soot oxidation, cutting the emitted concen-
tration of soot by about 90% and its mass by 98% (Fig. 2).

Thus, a clever control of theHTPRT and particle-gasmix-
ing is essential for judicious injection of air in the dilution
zone of RQL aircraft combustors to reduce drastically their
soot emissions and minimize their impact on health and cli-
mate.

Received: March 07, 2024
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Fig. 2. Reducing soot emissions by swirl-injection of O2-containing N2

downstream of an enclosed unit for spray combustion of jet fuel (inset)
that has been designed for optimal mixing between particles and ga-
ses, as well as the HTPRT (orange-framed inset; adapted from Teleki et
al., [2]). The emitted soot volume fraction, fv, is measured at the exhaust
of the unit as a function of O2 concentration in the injected gas and
normalized with the fvo obtained at 0 vol % O2 (solid line & symbols; ad-
apted from Kelesidis et al., [3]).

Fig. 1. Cross-sections of an RQL aircraft combustor along with the soot
volume fraction (a) and temperature (b) profiles obtained during jet fuel
combustion (adapted from Mueller & Pitsch, ref. [1]).
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pHmeasurements are routinely performedwith the well-known
glass electrode, which is regarded as the gold standard. Its output is
accepted as the practical pH value, traceable across laboratories,
when combined with a reference electrode containing 3M KCl in
contact with the sample through a liquid junction. Unfortunately,
the potentiometric readings suffer from limited measurement re-
producibility, making it difficult to use in applications that require
very high precision. One example is anthropogenic oceanic acidifi-
cation owing to increasing atmospheric carbon dioxide levels. The
resulting pH change is estimated to –1.7 mpH per year and may
have important adverse consequences if not properly monitored.

Our group previously reported an increased sensitivity and
reproducibility using constant potential coulometric readout with
polymeric membrane-based pH electrodes.[1] In this protocol, the
cell potential is kept constant and a capacitor (C in Fig. 2) is placed
in series of the pH electrode. The sample pH is then compared to
that of a reference solution. Because the cell potential is fixed, any
potential change at the pH electrode induces an opposite potential
change over the capacitor and consequently a transient current is
observed. The latter is integrated to obtain the charge, which is
used as the analytical signal. Unfortunately, however, as the cur-
rent needs to flow through the pH electrode, it was impossible to
use glass electrodes owing to their high impedance of tens of MΩ.

This problem has now been overcome.[2]We recently reported
on a novel electronic circuit that uses a high-impedance input volt-

Fig. 1. Submersible probe platform developed by our group at the
University of Geneva. Photo Credit: Eric Bakker.

age follower (VF in Fig. 2) that separates the capacitive current
entirely from the electrochemical cell. Thus, even glass electrodes
can now be used in this configuration for enhanced sensitivity.
The work resulted in an attractive measurement reproducibility
of just 64 µpH for steps of 10 mpH units. pH determination was
also achieved over the entire pH range, which was not previously
possible.We now aim to implement this principle in a submersible
probe to achieve in situ ultrasensitive pH sensing in natural wa-
ters. This increased precision may also be correlated with in situ
trace metal detection developed in our group and could provide
new insights on metal speciation. This novel experimental setup
is appropriate for high precision pH sensing with a glass elec-
trode, but may be applied to any other ion-selective electrode
for enhanced sensitivity.

Received: April 23, 2024
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Fig. 2. Increasing the sensitivity of pH glass electrodes by constant
potential coulometry. Left: Traditional potentiometric setup. The potential
between the two electrodes is recorded over time, making very small
potential steps difficult to distinguish from background drift. Center:
Original experimental setup for coulometric readout with membrane-
based pH electrodes. The cell potential is held constant, forcing a
capacitive element to charge. This allows one to record current spikes
that are easier to identify than potential changes, resulting in increased
sensitivity. Unfortunately, a transient current must pass through the
measurement cell. Right: Novel arrangement using a voltage follower,
achieving constant potential coulometry without passing any current
through the cell. Highly resistive membranes such as the pH glass
electrode can now be used in this mode for the first time.
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Over 350’000 synthetic chemicals are currently used in com-
merce and this number continues to increase. As many chemicals
end up contaminating the aquatic environment, concerns over their
effects on the organisms living in water are growing as well. Fish
toxicity tests provide crucial data for chemical risk assessments,
which in turn are necessary to guide environmental protection ef-
forts. However, these tests sacrifice millions of fish and require
ample resources, raising both the ethical and cost-related concerns.

Alternative methods, such as fish-derived permanent cell
lines, represent promising animal-free toxicity test models, but
their properties need to be better understood to enable broader
uptake in research and regulation. For this, molecular profiling
could allow insights into both the general characteristics and the
functional capacity of these cell lines.

Here, we focused on the PAC2 cell line derived from early
embryos of zebrafish (Danio rerio). PAC2 was originally classi-
fied as ‘fibroblast-like’ based on cell morphology, but currently,
PAC2 cultures in ours and others’ laboratories exhibit a heteroge-
neous appearance with pronounced epithelial-like features in-
stead. Therefore, we set out to validate the initial classification by
examining the presence of protein markers characteristic of dif-
ferent cellular origins. For this, we relied on a mass spectrome-
try-based bottom-up global proteomics approach, an analytical
method that not only overcomes the absence of specific antibod-
ies for some of the fish proteins, but also enables simultaneous
detection and quantification of multiple proteins without prior
knowledge.

Among the ca.7000proteins covered by ourmethod,we could
observe fibronectin, N-cadherin, and collagen type I, known as
fibroblast-associated proteins, but not the most specific fibroblast
marker, vimentin. We also detected multiple proteins related to
epithelial-like morphology, including E-cadherin, syndecan,
mucin-5AC, and tight junction proteins, occludin and zona oc-
cludens 2. Our evidence thus suggests that PAC2 cell line harbors
mixed cell populations, which questions its official classification
as ‘fibroblast’only.This work demonstrates the power of mass
spectrometry-based global proteomics analysis for studying
non-mammalian cell models.
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Fig. 2. Protein markers associated with fibroblast and epithelial mor-
phology, measured in actively growing PAC2 cells by bottom-up glo-
bal proteomics, acquired with nanoLC-MS/MS on Orbitrap FusionTM

LumosTM TribridTM mass spectrometer in data-independent acquisition
(DIA) mode. Each dot represents a biological replicate.
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300μm

Fig. 1. Permanent fish cell line PAC2 was derived from early emb-
ryos of zebrafish (Danio rerio) in the 1990s and originally classified as
fibroblast-like. Phase contrast image shows recent culture of PAC2
cells from our lab, displaying heterogeneous appearance and notable
presence of cells with epithelial-like morphology.
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Students and technicians working in a biochemical,
pharmaceutical, or biology-oriented lab know very well the
tedious procedure of filling multi-well plates (e.g. with 96 or 384
wells) for biochemical analyses or for cell assays. Repeating the
same pipetting steps again and again is laborious, boring and
produces often experimental mistakes. For large numbers of
experiments, robotic systems are replacing humans to fill the
wells faster, more precise and in a systematic way. For very high
throughput, it is still time-demanding as well as compound- and
resource-consuming.

We developed microdroplet arrays as an efficient alternative,
enabling automated sample handling and miniaturisation of
sample volumes in the sub-nanolitre range.[1] Moreover, the
number of experiments that can be done on a single platform can
be massively increased. Fig. 1 shows such a glass platform which
can hold up to 7’200 droplets. Upscaling is straightforward – we
already fabricated plates for up to 100’000 droplets. The key is
the surface of the glass which is hydrophilic where the aqueous

sample droplets will be placed, and hydrophobic everywhere else.
The hydrophilic areas are comparable to the wells on a multi-
well plate; however, no walls surround the droplets. Instead,
they are covered by an oil to prevent evaporation. We use these
microdroplet arrays for a variety of biochemical assays and
long-term studies with cells, where we monitor the droplets
by brightfield or fluorescence microscopy. We also use mass
spectrometry to assess the content (usually, matrix-assisted laser
desorption/ionization (MALDI) mass spectrometry).

The ultra-high throughput is essential in many applications
suchas single-cell analysis or testinga large libraryof compounds.
For example, aiming at antibiotic drug testing, bacteria growth
is monitored while the cells are exposed to several compounds
in varying concentrations. We can perform experimental series
with a single compound but also combinations of two or more
compounds in a systematic way within a single experiment.
The effect of the compounds (e.g. bacteriostatic or bactericidal)
can be derived within hours as well as the minimal inhibitory
concentration (MIC). Further automation and integration of
data analysis is currently on the way to increase the number
of compounds that can be tested and make use of the full
potential of a 100’000-well plate, which drastically reduces
time and consumables for high throughput analysis.

Received: July 10, 2024
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Fig. 1. Photograph of a microdroplet array next to a 96-well plate. The glass plate carries picoliter droplets in high density (inset). When used in an
experiment, these droplets are covered by oil to prevent evaporation. The platform is used to test the effect of antibiotic compounds on bacteria
(data left side), achieved by assessing viability and morphology of the cells.
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Since the cooperative interaction between haemoglobin and
oxygen was first described over 60 years ago, protein allostery –
two ligands binding to a protein at different sites influencing each
other’s binding affinities – has fascinated structural biologists
due to its potential in understanding enzyme regulation, eluci-
dating biological mechanisms, and developing new therapeutics.

Studies of allosteric systems began using only static X-ray
crystal structures and have now progressed to simulated trajecto-
ries of atomic motion to provide insights into changes in struc-
tural dynamics. Thanks to developments in NMR methods, it is
also possible to analyse protein motion directly using experimen-
tal data in the proteins’ native environment.

Fig. 1. Two-state structure of the PDZ2 domain of the protein human
tyrosine phosphatase 1E, determined using eNOE NMR spectroscopy
(PDB ID 7QCX). State A is shown in cyan and state B in blue. Each state
is represented by 20 conformers, highlighting the quality of the data
(root mean square deviation).

ManyNMR techniques used for allostery studies are based on
differences in spectra upon addition of a known allosteric ligand
to a protein. Others use specific pulse programs to capture struc-
tural changes on a long timescale. Our eNOE (exact Nuclear
Overhauser Effect) technique takes a different approach by build-
ing on the standard NOESYmethod of protein structure determi-
nation by NMR and significantly increasing the number and pre-
cision of distance restraints extracted from the primary data. This
allows structure calculation of multiple states from a single set of
measurements, thus enabling experimental investigation of allo-
stery at an atomic level. For example, applying this method to the
PDZ2 domain of human tyrosine phosphatase 1E in a recent
study yielded detailed insights into its allosteric regulation mech-
anism upon binding of a peptide ligand.

An additional challenge is the detection of correlated mo-
tion or allosteric networks given an ensemble of protein struc-
tures.Many approaches originate in the molecular dynamics field
and require 3D superposition of each available structure prior to
analysis. Our software package PDBCor provides an alternative
approach to this problem by using information theory to identify
correlation based purely on dihedral angles or intra-structural
distances in a bundle of protein conformers.[1]

In conclusion, NMR spectroscopy is an ideal method for
the experimental investigation of protein allostery at atomic
resolution due to its dynamic nature and the development of
specifically tailored methods.

Received: August 8, 2024
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Fig. 2. Left: Inter-residue correlation values obtained from distance-
based PDBCor analysis of multi-state PDZ2, representing the allosteric
network. Right: Average correlation between each residue and its
neighbours projected onto the 7QCX protein structure using the same
colour scheme.
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Polar ice sheets serve as the sole direct archive providing in-
formation on past fluctuations in atmospheric greenhouse gas
concentration by preserving ancient air in bubbles. This unique
climate archive extends our understanding of Earth’s climate and
atmosphere far into the past, with the longest existing, continuous
records dating back 800 ka (kilo annum).

A new European Commission-funded deep-drilling project in
Antarctica, called Beyond EPICA (European Project for Ice Coring
in Antarctica) – Oldest Ice Core (BE-OIC), is underway to retrieve
a continuous ice core that covers the Mid-Pleistocene Transition
(MPT) period from ~1,200 to 800 ka ago. Marine sediment records
reveal that the MPT marks a transition in the length and ice volume
of ice ages, from glacial cycles with a cyclicity of 40 ka before, to
100 ka after theMPT. Themechanisms driving the transition are not
clear and present a major unsolved problem in the field of paleocli-
matology. Changing greenhouse gas forcing is at the heart of most
hypotheses put forward to explain the MPT and, thus, precise and
accurate ice core gas records are essential to resolve this riddle.
However, the MPT ice core record will be contained in highly
thinned ice at the bottom of the ice sheet, asking for new measure-

ment techniques with higher resolution and precision, and requiring
minimal sample volume.

To address this need, a coupled Laser Induced Sublimation
Extraction – Quantum Cascade Laser Absorption Spectrometer
(LISE-QCLAS) was developed by our laboratories. This allows
us to extract and analyse the greenhouse gas composition on ice
core air samples of only 1–2 mL, corresponding to 10–15 g of
ice or ca. 1.5 cm in vertical resolution. The small sample size
accounts for a temporal resolution of only a few hundred years
in 1.5 Ma old ice. The air is liberated by sublimating the ice un-
der vacuum through irradiation with a near-infrared laser, while
avoiding melting by controlled water vapor trapping within the
extraction vessel.[1] The QCLAS instrument is based on mid-in-
frared direct absorption spectroscopy. The dual-laser concept al-
lows us to simultaneously quantify the CO

2
concentration and its

stable carbon isotopic ratio (δ13C-CO
2
) as well as CH

4
and N

2
O

concentrations with precisions of 0.4 ppm in CO
2
, 3 ppb in CH

4
,

1 ppb in N
2
O and 0.04‰ in δ13C-CO

2
.[2]

With the development of the LISE-QCLAS system, we
can now perform continuous multispecies greenhouse gas re-
constructions from smallest ice core samples with very high
precision.
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Fig. 1. Schematic illustration,
how to decipher past climate
and greenhouse gas variations.
The air bubbles captured in ice
core samples from Antarctica are
released through the sublima-
tion extraction step using Laser
Induced Sublimation Extraction
(LISE). The quantification of
greenhouse gases of the air
follows, using a dual-Quantum
Cascade Laser Absorption
Spectrometer (QCLAS). The ob-
tained data are used for synthesis
and interpretation.
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High-field asymmetric-waveform ion mobility spectrom-
etry (FAIMS) allows for the separation of molecules based 

on their ion mobility in an electrical field with an asymmetric  
waveform.[1] FAIMS allows for the differentiation of constitution-
al isotopes, often linear and cyclic compounds, which would usu-
ally be non-differentiable with just a mass spectrometer. FAIMS 
is typically coupled to electrospray ionisation (ESI) sources. A 
drawback of ESI is its limited range of ionisable molecules, often 
needing a functional group to allow for the ion detection in the 
mass analyser. This leaves a plethora of molecules such as apolar 
molecules or those without a functional group to be invisible dur-
ing analysis. The coupling of a liquid sampling atmospheric pres-
sure glow discharge (LS-APGD) would allow for such molecules 
to be analysed.[2] Coupling APGD with FAIMS could unlock new 
analytical possibilities which are not yet available. By integrat-
ing this instrument further with an absorption-mode FT ‘booster  
system’, which includes an FPGA module for real-time data dis-
play and processing, the analysis achieves ultra-high resolution. 
The spectrum is then generated by the Spectroswiss software 
peak by peak (Fig. 1).[4–5]
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To demonstrate the system’s applicability, a polymer with 
two potential end groups was chosen for its complex analy-
sis and ability to form linear and cyclic compounds during  
polymerisation (Fig. 2).

APGD offers a much more complex and detailed mass spec-
trum due to more species being ionised and detected compared 
to ESI. ESI furthermore also shows more background due to the 
lower intensity of the detected species. By coupling FAIMS with 
APGD the differentiation between cyclic and linear polymers 
would be simplified and the product created by the ionisation 
source would be allowed to be analysed more easily. The booster 
could enhance the contrast for poorly resolved peaks and allow 
for isotope pattern analysis.

By achieving such high flexibility and utility in the fashion 
of a ‘Swiss army knife’, each module synergises with the oth-
er to compensate for what it is lacking, making the analysis 
of complex mixtures possible.

Received: December 18, 2024

[1]	 A. A. Shvartsburg, ‘Differential Ion Mobility Spectrometry: Nonlinear Ion 
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The global demand for disposable, portable, and miniaturized 
electrochemical sensors has driven printing-based manufacturing 
techniques for decades. The potential for low unit costs on 
a large-scale has been a key driver behind some of the most 
successful innovations in point-of-care sensor technology, such 
as the electrochemical sensing of blood glucose. However, other 
potential fields, such as in-field bacterial detection or roadside 
drug testing, are still underexplored. While screen printing 
has been the standard technique for years, modern analytical 
challenges require high-performance, scarce, and expensive 
sensing materials (e.g. Au, Pt, graphene). This makes screen 
printing less sustainable due to high material consumption and 
limited flexibility in pattern design and material choice.

Therefore, digital and mask-less deposition techniques, 
such as drop-on-demand inkjet printing (IJP), are increasingly 
replacing traditional mask-based methods. Picolitre-sized 
droplets (e.g. of graphene-based inks) are jetted on-demand 
at kHz frequencies by piezoelectric actuation of individually 

addressable nozzles. Combined with precise positioners, high 
accuracy is achieved, with optimally zero material waste in a 
reasonably short time. Subsequent thermal processing removes 
ink solvents and stabilizers, creating conductive electrodes. 
However, establishing defined printing and heating protocols 
is challenging to ensure consistent sensor performance and low 
sensor-to-sensor variation.

Careful optimization of our printing parameters and post-
print heating protocols enabled the large-scale fabrication of 
graphene-based electrodes with controllable and switchable 
analyte sensitivity. Analytical performance was tested for 
key antioxidants (e.g. uric acid), bacterial infection markers 
(e.g. resazurin) and cannabinol-sensitive redox indicators. By 
applying defined heating protocols in vacuum and air the same 
sensor can reversibly switch between a quantitative global 
signal and qualitative compound identification using the same 
measurement technique. Combined with superior sensitivity and 
selectivity over leading-edge carbon-based electrodes, such as 
glassy carbon, IJP sensors are likely to dominate future single-
use applications in electroanalysis.

The optimization of inkjet printing and post-processing 
enables cost-effective production of high-performance 
electrochemical sensors with seamless scalability from 
prototypes to industrial manufacturing.

Received: February 13, 2025

	 F. Weyand, S. Gianvittorio, F. Longo, J. Wang, A. Lesch, Electrochim. Acta 
2025, submitted.

Fig. 1. Schematic illustration of a lab-based inkjet printer showing cartridge, printhead and positioner (left). The magnified inset illustrates the printing 
process to fabricate high-performance and low-cost graphene electrodes. Defined post-print heating protocols allow reversible switching between 
a quantitative global signal (e.g. for antioxidant potential) and qualitative compound identification using linear sweep voltammetry (center). This 
provides a versatile tool to advance the use of IJP electrodes in new electroanalytic fields, such as roadside drug testing (right). (UA: uric acid, AA: 
ascorbic acid, DA: dopamine, XA: xanthine).
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Every breath we take contains countless aerosol particles – 
some more harmful than others, depending on their origin and 
processing through the atmosphere. To support efforts in mitigat-
ing pollution, particles are traced back to their emission sourc-
es, a process akin to searching for the invisible within a sea of 
invisibles. 

But how is this done? One approach involves collecting parti-
cles and analyzing their chemical and molecular composition us-
ing advanced mass spectrometers (Fig. 1). These instruments 
generate spectra – unique ‘fingerprints’ that reveal particles’ mo-
lecular information. Due to atmospheric complexity, air samples 
contain diverse particles that evolve chemically over time. Data 
mining techniques are used to identify patterns in their temporal 
behaviour and spectral composition, refining the separation of the 
different sources. By further comparing atmospheric measure-
ments to controlled laboratory experiments, specific emission 
sources within a collected air sample are determined.

Fig. 1. Combining detailed molecular and chemical composition 
measurements with data mining techniques allows for source and 
process identification of air pollutants. (Image generated from 
https://firefly.adobe.com/, last access 10.02.2025).

In our study, we measured aerosol molecular composition in 
central Beijing using a mass spectrometer over several months 
including the COVID lockdown period, capturing seasonal vari-
ability and periods of reduced urban activity. Results show that in 
winter, organic aerosols from solid-fuel emissions dominate, 
both from local sources and long-range transport from the Bei-
jing-Tianjin-Hebei Plain and mountainous areas west of the city. 
In summer, atmospherically formed so-called ‘secondary’ organ-
ic aerosols from aromatic emissions – likely originating from the 
Xi’an-Shanghai-Beijing corridor – become the main contribu-
tors. While biogenic secondary organic aerosols appear in small 
amounts, our methods can still detect them. We confirmed source 
identification by comparing spectra with chamber experiments, 
revealing interactions between biogenic and anthropogenic emis-
sions (Fig. 2). Beijing is one example of many where severe pol-
lution affects a large population. Our transferable approaches 
have been, and currently are being applied there to support efforts 
in improving air quality. A comprehensive identification and 
quantification of aerosol particle sources requires the inte-
gration of long-term measurements, chamber experiments, 
and data mining techniques.

[1]	 K. R. Daellenbach, J. Cai, S. Hakala, L. Dada, C. Yan, W. Du, L. 
Yao, F. Zheng, J. Ma, F. Ungeheuer, A. L. Vogel, D. Stolzenburg, 
Y. Hao, Y. Liu, F. Bianchi, G. Uzu, J.-L. Jaffrezo, D. R. Worsnop, 
N. M. Donahue, M. Kulmala, Nat. Geosci. 2024, 17, 747,  
https://doi.org/10.1038/s41561-024-01493-3.

Fig. 2. Comparison of the nighttime biogenic secondary aerosol 
mass spectrum from Beijing measurements with those from chamber 
experiments simulating biogenic-anthropogenic interactions (limonene 
and nitrogen oxides). Marker sizes represent the relative abundance of 
each molecule. Figure adapted from ref. [1]. 
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Alternative splicing is a fundamental cellular process that en-
hances the functional diversity of genes. Under normal conditions, 
most genes predominantly express a canonical mRNA molecule 
upon activation. However, in complex diseases such as cancer and 
Alzheimer’s, disruptions in the splicing machinery can lead to the 
overproduction of alternative isoforms with distinct biological func-
tions. Understanding and mapping these changes provides critical 
insights into disease mechanisms and serves as a valuable resource 
for identifying novel biomarkers and therapeutic targets (Fig. 1).

Despite its significance, the role of alternative splicing in com-
plex diseases remains understudied. To comprehensively identify 
and functionally assess disease-associated splicing alterations, a 
multidisciplinary approach is required. In our lab, we integrate bio-
informatics, machine learning, sequencing, structural and systems 
biology with molecular pathology to unravel the full complexity 
of isoform changes in cancer and other diseases.

As an example, in our latest study, we leveraged a cutting-edge 
single-cell long-read sequencing technology to analyze the alterna-
tive splicing landscape in clear-cell renal cell carcinoma (ccRCC), 
the most prevalent subtype of kidney cancer. Our analysis iden-
tified over 30,000 previously uncharacterized mRNA transcripts, 
many of which were cell-type specific and associated with genes 
that drive ccRCC progression. More than half of these novel tran-
scripts had the potential to encode functional proteins.

An interesting discovery was a previously unknown transcript 
of the NNMT gene. The NNMT gene is known to be part of 
ccRCC-related pathways. Our newly discovered isoform lacks the 
substrate-binding site, suggesting a loss of enzymatic activity. We 
were able to validate the novel mRNA sequence of NNMT using 
PCR. This finding underscores the importance of looking beyond 
DNA mutations in current standards of molecular diagnostics, as 
our samples revealed no functional loss at the DNA level. Func-
tional disruptions of NNMT were only observed at the alternative 
splicing level. Our research highlights the transformative po-
tential of splicing-based diagnostics and therapeutics, which 
will pave the way for new strategies to combat cancer and oth-
er complex diseases at their molecular basis.
� Received: March 21, 2025
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Fig. 1. Overview of functionalities 
of our disease-specific isoform 
database www.caniso.net. The 
database provides users with 
various statistics to support 
the functional interpretation 
of disease-specific mRNA 
transcripts (dMDT). (A) Disease 
page: frequency of top 10 
dMDT, most frequently observed 
in Alzheimer’s Disease. (B) 
Isoform page: visualization of 
interaction losses due to the 
disease-specific protein isoform 
of the gene ALDH18A1, which 
is known to be mutated in 
neurodegenerative diseases. 
(C) Network density score and 
the percentage of interaction 
loss of the ALDH18A1 isoform. 
(D) Sample page: Median and 
sample-specific expression level 
of normal and disease-specific 
mRNA molecules.
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Per- and polyfluoroalkyl substances (PFAS) are anthropogen-
ic chemicals widely utilized in various industrial and consumer
products due to their exceptional water and oil repellent proper-
ties. Their persistence and bioaccumulation in the environment,
particularly in aquatic ecosystems, have made PFAS global con-
taminants. Fish, due to their position in the food chain and direct
exposure to aquatic contaminants, are vulnerable to PFAS accu-
mulation, making them effective bioindicators of environmental
contamination and potential sources of human exposure.

We recently investigated the presence and levels of PFAS in
freshwater fish from Swiss lakes, addressing concerns about
widespread environmental contamination and potential health
risks associated with fish consumption (Fig. 1).

Fig. 1. PFAS analysed in 218 fish samples. Fish species analysed:
Coregonus wartmanni (whitefish) (N = 20), Cyprinus carpio (common
carp) (N = 11), Oncorhynchus mykiss (rainbow trout) (N = 11), Perca
fluviatilis (perch) (N = 38), Salmo trutta (brown trout) (N = 131), and
Squalius cephalus (common chub) (N = 7).

We analyzed 15 PFAS in 218 fish fillet samples from six spe-
cies commonly found in Switzerland. An optimized QuEChERs
(Quick, Easy, Cheap, Effective, Rugged, and Safe) extraction
method was employed, followed by LC-MS/MS analysis. The re-
sults were compared to EU regulations (Commission Regulation
(EU) 2022/2388) and EFSA guidelines for tolerable weekly in-
take (TWI) to evaluate potential risks to human health. The opti-
mized QuEChERS method offered a simplified and cost-effective
approach for extracting PFAS from complex matrices like fish
tissues, reducing interferences and improving analyte recovery.

The analysis revealed significant PFAS contamination across
all species. Perch exhibited the highest levels of PFOS and PF-
HxS, with concentrations frequently exceeding EU safety limits.
TWI calculations, based on a 70 kg person consuming 200 g of
fish fillet per week, were exceeded in a significant percentage of
fish (Fig. 2).

Analysis of 121 brown trout specimens revealed positive cor-
relations between fish size and PFBS, PFDA, and PFHxS lev-
els, suggesting bioaccumulation increases with age and size. In
contrast, PFPeA – a short chain C5 PFAS – showed a negative
correlation, likely reflecting the lower bioaccumulation potential
and short half-life typical of short-chain PFAS in animals.

These findings highlight the need for ongoing monitor-
ing, further research into PFAS sources and pathways, and
stronger regulations to protect aquatic ecosystems and hu-
man health from PFAS exposure via fish consumption.

Received: May 23, 2025
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Fig. 2. Percentage of fish exceeding the TWI set by EFSA here
calculated for a person of 70 kg body weight and an intake of 200 g
of fish fillets.
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Antimicrobial resistance (AMR) is one of the most concern-
ing health threats worldwide, with 4.95 million deaths reported 
in 2019. The spread of AMR is so rapid and challenging to han-
dle that it is considered a ‘silent pandemic’. Current diagnostic 
methods are based on time-consuming or expensive techniques. 
As a result, clinicians often prescribe broad-spectrum antibiotics, 
a practice that helps bacteria develop resistance mechanisms and 
is one of the main causes of AMR. 

Our research focuses on developing optical sensors based on 
bioresponsive nanomaterials suitable for the rapid and sensitive 
diagnosis of bacterial infections. Our strategy is to synthesize 
nanomaterials that react selectively with specific biomarkers re-
leased by the bacteria, leading to a variation of optical signals 
easily detectable without the need for sophisticated instrumenta-
tions. Such systems are also designed to be cost-efficient, easy-
to-use, and equipment-free, meeting the ASSURED criteria 
(i.e. Affordable, Sensitive and Selective, User-friendly, Rapid, 
Equipment-free, and Delivered). For example, in collaboration 
with Prof. Dr. W. Albrich and PD Dr. med. C. Kahlert from the 
Cantonal Hospital St. Gallen KSSG, we recently developed flu-
orescent particles for the selective detection of urease-producing 
bacteria such as K. pneumoniae, which is relevant for respiratory 
tract infections and ranked with high priority in the WHO’s 2024 
Bacterial Priority Pathogens List. To note, the particles enable the 
detection of 103 bacteria/mL in 5 hours, which were not detect-
able using a standard pH-based method. We are also developing 
wearable devices enabling self-monitoring by patients based on 
fluorescent or color changes, supporting rapid and accessible 
care.[1] These are intended to detect bacteria causing urinary 
tract infections (i.e. E. faecalis) and wound infections (i.e. S. 
aureus), among others. By reducing the delay in the diagnosis, 
these approaches will enable the prompt administration of the 
appropriate treatment, limiting the misuse of antibiotics, but also 
significantly improving patient outcomes. Furthermore, thanks to 
the cost-efficacy and portability, these methods will be suitable 
for the ambitious but necessary goal of globally tackling AMR, 
also in countries where access to medical care is limited. Such 
responsive materials will pave the way for the next generation 
of diagnostics, combining sensitivity, specificity, and cost-ef-
ficacy. 

Received: July 4, 2025
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Chem. 2024, 96, 20578, https://doi.org/10.1021/acs.analchem.4c05182.

Fig. 1. Fluorescent particles enabling the selective detection of urease-
producing bacteria. Confocal microscopy analysis confirmed the 
mechanism of detection: In the presence of urease-producing bacteria, 
the particle’s matrix expanded, leading to an increase in the fluorescent 
signal, enabling the quantification of the bacteria in the sample.
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Traditionally, analytical chemistry has relied on measuring 
billions of molecules at once, to obtain one characteristic en-
semble average. While this approach has underpinned the success 
of chemistry for centuries, it is naturally limited in its ability to 
resolve differences between individual molecules. Such differ-
ences exist in mixtures as well as in pure samples, e.g. if mol-
ecules undergo conformational changes or transient interactions 
(like those essential for biomolecular function). Just as the aver-
age posture of all players in the Euro 2025 football tournament 
fails to capture their individual movements, an ensemble average 
is similarly insufficient to fully characterize intrinsic molecular 
heterogeneity.

Therefore, in biophysical chemistry, a range of techniques 
were established that now enable the investigation of single mol-
ecules. For example, mixtures can be studied with the ultimate 
resolution of one single molecule, as in our work using label-free 
electrical nanopore recordings.[1] And fluorescence-based exper-
iments can observe single proteins at work: how they undergo 
intra- and inter-molecular rearrangements to perform their bio-
molecular function.[2] The resulting single-molecule trajectories 
uniquely reveal the timing and sequence of distinct functional 
events (e.g. a conformational change), which is usually ‘aver-
aged out’ and lost in ensemble experiments. This is because the 

latter rely on observing averaged equilibrium relaxation kinetics, 
while single-molecule trajectories can provide direct observa-
tions under all thermodynamic conditions, including the out-of-
equilibrium steady-state of the biological cell, and also thermal 
equilibrium. Ultimately, these studies offer combined kinetic 
and thermodynamic descriptions of biomolecular mechanisms, 
including quantitative kinetic rate constants and free-energy 
landscapes (Fig. 1).

Recently, our group described a new Förster Resonance En-
ergy Transfer (FRET) approach offering up to 100-fold more 
information per single molecule.[3,4] We achieved this advance 
with a trick we term DyeCycling, where we continuously replace 
the fluorescent markers to prevent them from bleaching, which 
would end the experiment. In this way, we can record the gym-
nastics of a single biomolecule for over an hour, offering unprec-
edented kinetic insight and data credibility.

While 3D structural models of biomolecules are readily avail-
able today, they lack temporal information to link protein struc-
ture and function. Time-resolved single-molecule techniques, 
such as DyeCycling, bridge this gap by providing a better 
mechanistic understanding of biomolecular function, to stim-
ulate progress in biomedicine and biotechnology.
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Fig. 1. Bio-macromolecules, such as proteins, DNA, RNA, are dynamic systems. (A) A three-dimensional (3D) structural snapshot represents one 
out of many functional states, e.g. conformational or interaction states adopted by the molecule in solution. (B) Time-resolved single-molecule 
techniques zoom in on one individual molecule and track these excursions into transient functional states in real time (here schematic states 1 to 4), 
revealing the timing and order of events. These data offer direct access to kinetics and thermodynamics that would be lost by ensemble averaging: 
(C) Schematic kinetic model (here 4 states, 6 rate constants kij) and the resulting free energy landscape. Structures in A and B) adapted from 
BioInteractive, HHMI, 4000 Jones Bridge Road, Chevy Chase, MD 20815.
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