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Reach higher peaks
in EA-IRMS

Choase the Thermo Scientific™ EA IsoLink™ IRMS System for CNSOH
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Willkommen, liebe Teilnehmer der ASI-Tagung 2018 im TUM-
Akademiezentrum Raitenhaslach,

Wir freuen uns, Sie zu unserer Jahrestagung der Arbeitsgemeinschaft Stabile Isotope
— ASI 2018 — begriRen zu dirfen, die dieses Jahr im TUM Akademiezentrum Raiten-
haslach stattfindet.

Das Akademiezentrum befindet sich im Siidosten Bayerns, etwa 120 km von Min-
chen. Das ehemalige Zisterzienserkloster wurde nach langeren Umbauarbeiten im
Juni 2016 feierlich er6ffnet. Auf rund 1.000 Quadratmetern bietet das Zentrum Wis-
senschaftlerinnen und Wissenschaftlern und den Mitarbeitenden und Studierenden
der TUM unter anderem, Seminarrdume, einen groBen Gewdlbesaal fur die Ausrich-
tung von Tagungen und Studierzimmer. Deshalb freuen wir uns, dass das Akademie-
zentrum der TUM mit seinem historischen Charme uns die Mdglichkeit bietet, die
ASI-Tagung 2018 in diesen Raumen ausrichten und das Zentrum zum wissenschaft-
lichen Austausch nutzen zu kénnen.

Ich wiinsche uns und Ihnen eine interessante Veranstaltung, an deren Ende hoffent-
lich nicht nur Antworten, sondern auch neue wissenschaftliche Fragen stehen wer-
den. Dadurch wird das Thema, insbesondere das der Isotopenhydrogeologie leben-
dig gehalten und verbessert die Chance u.a. auch unser Okosystem ,Grundwasser*
besser zu verstehen.

Vielen Dank!
Florian Einsiedl|

TUM Miinchen, Lehrstuhl fur Hydrogeologie

Paul Koniger, Michael Zech, Markus Greule

Vorstand der ASI



Leitung/ Wissenschaftliches Komitee

Tagungsleitung

Prof. Dr. Florian Einsied|, TU Miinchen

Lokales Organisationskomitee
Christine Englmann

Fatemeh Shajari

Florian Heine

Sebastian Holzapfel

Alejandra Pefia

Lisa Wild

Dr. Michael Zech

Dr. Anja Wunderlich

Wissenschaftliches Komitee

Prof. Dr. Karl Auerswald, TU Miinchen
(Boden)

Prof. Dr. Michael Béttcher, IOW (Klima)

Prof. Dr. Florian Einsied!, TU Minchen
(Hydro)

Prof. Dr. Martin Elsner, TU Miinchen
(Physiologie & Metabolismus)

Prof. Dr. Frank Keppler, Univ. Heidel-
berg (Physiologie & Metabolismus)

Dr. Paul Kéniger, BGR (Messtechnik)
Dr. Christoph Mayr, FAU (Klima)

Prof. Dr. Bernhard Mayer, Univ. of Cal-
gary (CSIA)

Prof. Dr. Doerthe Tetzlaff, IGB (Hydro)
Dr. Arno Rein, TU Miunchen (Boden)

Dr. Anja Wunderlich, TU Minchen
(CSIA)

Wir danken folgen Firmen fir die gro3ziigige Unterstiitzung:

Umwelt-Gerate-Technik GmbH
Sercon Limited

Elementar Analysensysteme GmbH
Air Liquide

Brechbihler AG

Thermo Fisher Scientific Inc.
Hekatech GmbH

IVA Analysentechnik GmbH & Co. KG

Thermo Fisher Scientific ladt am
Montag 19:30 im Hotel Glécklhofer
zu einem User Meeting ein




Programm

Uhrzeit |Sonntag Montag Dienstag Mittwoch Uhrzeit
30.9. 1.10. 2.10. 3.10.

09:00 Firmenprésentationen|Hydrologie und Klimaforschung und  [09:00
- /-vortrage/-tutorials |Hydrogeologie Stoffkreislaufe -
09:30 einschlieBlich 09:30
10:00 Tiefengrundwésser 10:00

Kaff Post: i it
1030 affeepause K:fsfeeersesswn mi 1030
1100 Hydrologie und 1100

) Hydrogeologie Prveioloon 3 )

11:30 einschlieBlich M ych: c|>_g|e Ga 11:30
Tiefengrundwasser SiElballsmE

12:00 Er6éffnung der Tagung 12:00

12:30 Analytik, Methoden, |Gemeinsames - 12:30

- Techniken und Mittagessen SEllESLIACIAEEE -
13:00 Qualitatssicherung 13:00
13:30 13:30
14:00 PhD Workshop - - Boden-Pflanzen- 14:00

Postersession mit "

- Kaff Atmosphére -
14:30 Impulsreferate von ariee 14:30
15:00 Dozenten (15-25 min) 15:00

und Kurzvortrage der
15:30 Teilnehmer/innen zu 15:30
16:00 |‘aufenden und Analytik, Methoden, 16:00

geplanten Projekten  |Techniken und
16:30 g_a'km min + Qualitatssicherung CSrls-z/lrlr:gwhlii:r- 16:30
17:00 iskussion) 17:00

Lebensmittel, -

17:30 Forensik, Doping 17:30
18:00 18:00
18:30 18:30
19:00 19:00
19:30 Conference Dinner 19:30
20:00 20:00
20:30 20:30
21:00 21:00
21:30 21:30
22:00 22:00
22:30 22:30
23:00 23:00




sercon

innovators in isotopes

Sercon Instruments

Sercon design, manufacture and support Isotope Ratio Mass Spectrometers and their
sample preparation systems, including:

« 20-22 —available in dual inlet or continuous flow mode, can be connected to EA,
HPLC or GC systems.

« Autosamplers for gas, solid and liquid sampling, & headspace equilibration
measurements.

« Integra2 - the world's only combined EA-IRMS.
« ABCA2 - an IRMS breath analyser \

Sercon Consumables

Sercon supply consumables of the highest quality for all IRMS and EA systems. All
consumables supplied are of the Sercon brand, a guarantee of product quality.

« Sercon branding means that the products have
passed our rigorous quality assurance test

« All Sercon products are of an equal or better
quality to those supplied by the OEM.

« Our products are produced and tested in an
1S017025 accredited laboratory

Collaborate - Create - Innovate




thermoscientific
,Flash Smart” Elementaranalysator

Ein einziger CHNS-/O-, NC-, N-/ Protein-
Analysator flr alle Anwendungen

thermo
scientific
B R E C H B U H L E R Authorised Distributor




iIso FLOW

The most versatile stable isotope
sample handling platform ever created

Experience iso FLOW, the first complete
platform for trace to pure analysis of simple
gases derived from air, carbonates or water.

Driven by a new concept in separation

science, the UltiTrap™ permits cryogen-free
concentration prior to dynamic chromatographic
separation.

“
C} elementar

EXCELLENCE IN ELEMENTS

Elementar Analysensysteme GmbH
Phone: +49 6184 9393-0
info@elementar.de | www.elementar.de
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Lageplan/Hotel-Bus-Shuttle

Parkplatz

.

’«.
w
[Enoan_

BUS

TUM
Science & Study Center
Raitenhaslach

\ 8
.Qrélaten-
Kloster- | garten
gasthof ! -
&% A
2sm
om Som

Abfahrt Ankunft Abfahrt Ankunft

Hotel Tagungszentrum Tagungszentrum Hotel
Sonntag 13:30 13:45

20:00 20:15
Montag 8:30 8:45
11:00 11:15

18:15 18:30
Dienstag 8:30 8:45

16:45 17:00

17:45 18:00
19:15 19:30

22:00 22:15

23:30 23:45
Mittwoch 8:30 8:45

13:30 13:45
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Wissenschaftliches Programm

Sonntag:
14:00-18:00 PhD Workshop

Impulsreferate von Dozenten (15-25 min) und Kurzvortrége der Teilnehmer/innen zu
laufenden und geplanten Projekten (ca. 10 min + Diskussion)

Montaqg:
9:00-11:00 Firmenpréasentationen und Workshops

Raum A108:
9:00 Continuous stable isotope measurements with Cavity Ring-Down Spectroscopy.
(Umwelt-Gerate-Technik GmbH)

9:20 Recent advances in bulk and compound specific IRMS measurements (Sercon
Limited)

9:40 Calibration mixtures for improving accuracy of stable isotope measurement (Air
Liquide)

10:00 Datenanalyse & Datenmanagement leicht gemacht - Standardisierung, grafi-
sche Darstellung, statistische Auswertung und arbeitsgruppentiibergreifende Zusam-
menarbeit (Elementar Analysensysteme GmbH)

Raum A122:
10:00 Thermo Fisher Scientific Workshop

12:00 BegrufRRung, Er6ffnung der Tagung
12:30 Session 1: Analytik, Methoden, Techniken und Qualitatssicherung (1/2)

12:30 (#105) Clumped isotopes of nitrous oxide by mid-IR laser spectroscopy
Kantnerova, Kristyna

12:50 (#139) Comparison of N20 isotope spectrometers for high-precision measure-
ments in ambient air and incubation experiments
Mohn, Joachim

13:10 (#125) Development of international N20 reference materials for site prefer-
ence measurements
Eggleston, Sarah
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13:30 (#154) Measurement of challenging matrixes using the IsoFLOW headspace
analyser
Volders, Filip

13:50 (#131) Utilizing Chromatographic Principles for High Sensitivity Isotope Ratio
MS
Hilkert, Andreas

14:10 Postersession und Kaffee
16:00 Session 1: Analytik, Methoden, Techniken und Qualitatssicherung (2/2)

16:00 (#148) Methyl sulfates as methoxyl isotopic reference materials for 513C and
02H measurements
Greule, Markus

16:20 (#147) Improvements in sensitivity in IRMS measurements
Atkinson, Helen

16:40 Session 2: Lebensmittel, Forensik, Doping

16:40 (#161) Stable hydrogen isotopes as a world forensic tool: Potential and pitfalls
Voigt, Christian

17:00 (#104) Potential of multi-dimensional stable isotope fingerprinting for forensic
identification of the organophosphorus pesticide chlorpyrifos
Kimmel, Steffen

17:20 (#130) Can mechanistic water isotope models predict the geographic origin of
fruits?
Cueni, Florian

Dienstaqg:
9:00 Session 3: Hydrologie und Hydrogeologie inkl. Tiefengrundwéasser (1/2)

9:00 (#101) Isotope im Niederschlag — Indikatoren fir Herkunft und Prozesse
Weise, Stephan M.

9:20 (#109) Integrated altitude isotope effects in rivers of high-relief terrains: A correc-
tion method to identify water recharge altitudes
Juhlke, T.R.

13



9:40 (#162) Integrative isotope techniques to evaluate the fate and transport of nitro-
gen in the Erlauf River catchment, Austria
Bujak, I1zabela

10:00 (#149) Tomography of anthropogenic nitrate contribution along the Holtemme
River, Germany
Muller, Christin

10:20 Kaffeepause
10:50 Session 3: Hydrologie und Hydrogeologie inkl. Tiefengrundwasser (2/2)

10:50 (#159) Beitrage zur Stickstoffdynamik im landwirtschaftlich und urban belaste-
ten und als Trinkwasserressource genutzten Tai See, China - Einsichten aus geo-
chemischen Analysen und Messungen stabiler Isotope

Wilhelms, Andre

11:10 (#126) Determining uncertainties of 815N-nitrate interpretation in groundwater
with the use of Monte Carlo simulations
Wild, Lisa

11:30 (#136) A new approach of groundwater dating using dissolved organic radio-
carbon (DOC) in a carbonate aquifer in the Bavarian Molasse Basin
Heine, Florian

11:50 (#150) Isotopic approaches to assess potential impacts from shale gas devel-
opment on shallow groundwater
Mayer, Bernhard

12:10 (#111) Isotope evidence for methane formation from cyanobacteria
Klintzsch, Thomas

12:30 Gemeinsames Mittagessen
14:00 Session 4: Boden-Pflanzen-Atmosphére

14:00 (#135) Foliar water uptake, the way to grow for Avicennia marina (Forsk.)
Vierh.
Schreel, Jeroen

14



14:20 (#170) Measured and modeled xylem-sap isotopic composition in tree stems
with a borehole-equilibration technique
Marshall, John

14:40 (#157) Variability in xylem water isotopic signature triggers incorrect assess-
ment of root water uptake depth
De Deurwaerder, Hannes

15:00 (#158) Water use strategies of mature beeches — a comparison of pure and
mixed stands
Magh, Ruth-Kristina

15:20 (#143) Nutrient addition changes water and carbon fluxes through biodiversity
effects: partitioning evapotranspiration and net ecosystem exchange
Kibert, Angelika

15:40 (#117) Is cheating on fungal partners among plants much more widespread?
New insights for partial mycoheterotrophy in arbuscular mycorrhizae.
Giesemann, Philipp

16:00 (#116) Ecohydrological soil-plant feedbacks: a pool-weighted perspective on
the two-water-worlds hypothesis
Dubbert, Maren

16:30 ASI Mitgliederversammlung
19:30 Konferenz-Abendessen

Mittwoch:
9:00 Session 5: Klimaforschung und Stoffkreislaufe

9:00 (#138) Intramolecular stable isotope variation: New ecophysiological signals,
and consequences for isotope-based biogeochemistry
Schleucher, Jirgen

9:20 (#129) Interpretation of compound-specific 82H and 6180 results from n-alkane
and sugar biomarkers derived from Late Glacial to Early Holocene Lake Bergsee
sediments

Hepp, Johannes
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9:40 (#115) Simulating the isotopic composition of terrestrial N cycle components with
the Stable Isotope MOdel for Nutrient cyclEs (SIMONE)
Denk, Tobias

10:00 (#132) Radiocarbon chronology and paleoclimate reconstruction based on
coupled 62H/5180 biomarker analyses of lacustrine sediments from Garba Guracha,
Bale Mountains, Ethiopia

Bittner, Lucas

10:20 Postersession und Kaffee
11:20 Session 6: Physiologie und Metabolismus

11:20 (#112) The Effect of Parasite Infection on Stable Isotope Turnover Rates in
Multiple Tissues of Eurasian Perch from Bodensee
Yohannes, Elizabeth

11:40 (#145) Compound-specific stable-isotope analysis for investigating bioavailabil-
ity limitation of micro- pollutants in 2D flow-through tank experiments
Sun, Fengchao

12:00 (#160) Heterotrophic 13CO2-Fixation — New insights to microbial DOC utilisa-
tion from stable isotope labelling?
Spona-Friedl, Marina

12:20 (#133) Bioavailability limitation influences the maintenance demand and physi-
ology of Arthrobacter aurescens TC1 defining a limit of atrazine degradation at low
concentrations

Kundu, Kankana

12:40 (#167) Measurement of albumin synthesis in endotoxemic pigs exposed to
deoxynivalenol (DON) by using L-[2H5]-phenylalanine as tracer
t.b.a.

13:00 Abschlussworte, Preisverleihungen

16
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IVA Analysentechnik
GmbH & Co. KG

Alte Seilerei Haus 5
Meerbuscher Str. 64-78
40670 Meerbusch, Germany

t +49 2159 6942-0
f+49 2159 6942-10

info@iva-analysentechnik.de
www.iva-analysentechnik.de

02H

A Your partner
worldwide...

015N

0180

013C

...for analytical
products

034S
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UGT presents the lysimeter in combination with the Picarro gas analysers
at the|ASI-2018, 30.09. - 03.10.18

Lysimeter callar

Weighing
monitor

Load cell

UMP-1 Tensio 160 Suction probe Seepage Water Soil airsampler AC001
soil moisture probe N (tippjng counter) / \ Au}ochamber
Lysimeters - separating
processes in flux measurement
The PE-HD-containerized lysimeter
station by UGT combined with
Picarro Analyzer

/_‘\ L2130-i with CWS G2201-i with 16-Port T "G::?B 0l
continuous anslysis of Distribution Manifold methare (CH),
K 5%0and 84 BAC for methane (CHy carbon diaxde (00:),
in liquid water and carbon dioxide {COz) ammonia (NH;) and water (H,0)

Miincheberg -Freising - Homécourt
Umwelt-Gerate-Technik GmbH  Eberswalder Str. 58 | D-15374 Miincheberg | phone: 449 (0 33 43 2-89575 | fax: 449 (0} 33432 -89 573 | mail: info@ugt-online de
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Vortrage und Poster:

Session 1: Analytik, Methoden, Techniken und Qualitatssicherung

ID: 105
Vortrag
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Clumped isotopes of nitrous oxide by mid-IR laser spectroscopy

Kristyna Kantnerova®?, Béla Tuzson®, Lukas Emmenegger’, Stefano M. Bernasconi?,

Joachim Mohn'
'Empa, Laboratory for Air Pollution / Environmental Technology, CH-8600 Diilbendorf, Switzer-
land; 2ETH, Geological Institute, CH-8092 Zirich, Switzerland

For many years, nitrous oxide (N.O) has been a major focus of greenhouse gas accounting
agreements. Understanding the mechanisms of its formation and clarifying its sources and
sinks is highly important for mitigating N,O emissions. Measuring the doubly substituted
“clumped” isotopocules of N,O will add new and unique opportunities to fingerprint and con-
strain the biogeochemical cycle of this important greenhouse gas.*?

Mid-IR spectroscopy is a highly attractive technique to analyze N,O isotopocules based on their
specific ro-vibrational absorption characteristics. We are developing an analytical technique for
the selective and precise analysis of the most abundant clumped N,O isotopic species
BNMNO, “NN™0, and *N'*N'®0. The measurement setup is based on a dual quantum
cascade laser absorption spectrometer (QCLAS) with a multi-pass absorption cell. Under opti-
mal measurement conditions, the instrument reaches precision levels of 0.1 %o for all isotope
ratios.

As reference gases for clumped N,O isotopes are not commercially available, we are currently
elaborating strategies for a reference frame linking clumped N,O measurements to stochastic
distribution.® Equilibration of the N-O bond has been achieved by heating N,O over activated
Al,O; at different temperatures (100 — 200°C). We demonstrate that QCLAS technique using
this reference frame is a very promising alternative to currently emerging high-resolution mass
spectrometric approaches” regarding ease-of-use, field deployability, sample throughput, preci-
sion, and its inherent selectivity for the clumped isotopomers *N"N*®0 and “*N"N™0. In sum-
mary, this novel technique can offer a broad range of prospective applications from the biogeo-
chemical N,O cycle to stratospheric chemistry or industrial catalytic processes.

References

(1) J. A. Schmidt et al., Clumped isotope perturbation in tropospheric nitrous oxide from strato-
spheric photolysis, Geophys. Res. Lett. 42, 2015.

(2) J. Kaiser et al., Assessment of N'°N'®0 as a tracer of stratospheric processes, Geophys.
Res. Lett. 30, 2003.

(3) Z. Wang et al., Equilibrium thermodynamics of multiply substituted isotopologues of molecu-
lar gases, Geochim. Cosmochim. Acta 68, 2004.

(4) P. M. Magyar et al.: Measurement of rare isotopologues of nitrous oxide by high-resolution
multi-collector mass spectrometry, Rapid Commun. Mass Spectrom. 30, 2016.
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ID: 139
Vortrag
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Comparison of N2O isotope spectrometers for high-precision measurements in
ambient air and incubation experiments

Stephen Harris'?, Jesper Liisberg®, Benjamin Wolf*, Longlong Xia®, Longfei Yu®, Jing
Wei®, Bryce Kelly*, Thomas Blunier®, Joachim Mohn®

"UNSW Sydney, School of Biological, Earth and Environmental Sciences, Sydney, Australia;
“pustralian Nuclear Science and Technology Organisation, Lucas Heights, Australia; *University
of Copenhagen, Centre for Ice and Climate, Niels Bohr Institute, Copenhagen, Denmark;
“Karlsruhe Institute of Technology, IMK-IFU, Garmisch-Partenkirchen, Germany; *Empa, Labor-
atory for Air Pollution/Environmental Technology, Diibendorf, Switzerland

Over the last two decades, research involving N,O site specific isotopic analysis has been
stimulated by continuing analytical progress in isotope-ratio mass-spectrometry (IRMS) and
more recently mid-infrared laser spectroscopy. This development has been triggered by the
invention and availability of quantum cascade lasers (QCL), which offer high optical power in
continuous wave operation at room temperature. QCL light sources have been combined with
different detection schemes such as direct absorption (QCLAS), cavity ring down (CRDS) and
off-axis integrated cavity output (OA-ICOS) to realize compact, field-deployable analyzers.

The availability of temporal resolved N,O isotopic information in real-time will deepen our pro-
cess-level understanding of the nitrogen cycle. It will also open up entirely new research areas
that will attract an increasing number of application-oriented scientists. Provided that the novel
laser spectrometers produce compatible and thus accurate results (i.e. traceable to the interna-
tional isotope ratio scales, AIR-N, for N/**N and VSMOW for **0/*°0), the implementation of
these instruments will lead to a further dissemination of N,O isotopic research.

We will present results of an inter-comparison study on the three most common commercial
N,O isotope analyzers, including Aerodyne Research (dual QCLAS, with/without TREX), Picar-
ro (G5131-i) and Los Gatos Research (Model 914-0027). Most importantly, gas matrix effects
were investigated by determining the dependence of N,O isotope deltas on the analysis in an
“ambient” N»/O,/Ar/CO,/CH,4/CO versus a simplified No/O,/Ar or No/O, matrix. In addition, spec-
tral interferences of enhanced trace gas concentrations (CO,, CH4, CO, H,0O) were character-
ized and strategies for removal tested. Short-term and long-term repeatability, drift and depend-
ence of isotope deltas on N,O concentrations were also quantified and compared among in-
struments. Based on these results a calibration strategy was established and the accuracy of
individual analyzers assessed combining the studied uncertainty contributions.

Our study will guide the selection of instruments for specific applications (e.g. ambient air ver-
sus incubation studies), and foster the development of N,O isotope reference gases optimized
for laser spectrometers currently ongoing within the EMPIR project “Metrology for Stable Iso-
tope Reference Standards (SIRS)".

20



ID: 125
Vortrag
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Development of international N,O reference materials for site preference
measurements

Sarah Egglestonl, Sakae Toyoda?, Heiko Moossen?, Christina Biasi*, Longfei Yu®, Naohiro
Yoshida®®, Paul Brewer®, Joachim Mohn*

'Empa, Laboratory for Air Pollution / Environmental Technology, 8600 Diibendorf, Switzerland;
Department of Chemical Science and Engineering, Tokyo Institute of Technology, 4259 Na-
gatsuta, Midori-ku, Yokohama, 226-8502, Japan; "Max-Planck-Institute for Biogeochemistry
(MPI-BGC), Stable Isotope Laboratory (IsoLab), 07745 Jena, Germany; “University of Eastern
Finland, Biogeochemistry Research Group, 70211 Kuopio, Finland; *Earth-Life Science Insti-
tute, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo, 152-8550, Japan;
®National Physical Laboratory, Gas and Particle Metrology, Teddington, TW11 OLW, UK

Nitrous oxide (N,O) is one of the most important greenhouse gases in the Earth’s atmosphere
today, as well as a strong stratospheric ozone-depleting gas. The concentration of N,O has
been rising since the Industrial Revolution due to changes in many of its sources, both natural
and anthropogenic. Measurements of the four most abundant stable isotopologues of N,O
(“N¥N™0, ®N™N™0, “NN™0, and “N*N'0) can provide a valuable constraint on source
attribution of atmospheric N,O.

Recent advancements in Optical Isotope Ratio Spectroscopy (OIRS) allow for specific and high
precision analysis of °N substitution in the central (a) and terminal (b) nitrogen positions and
thus **N site preference (SP= 5°N° - 5°N®) in N,O. Commercial OIRS analyzers are becoming
increasingly available, complementing well-established Isotope Ratio Mass Spectrometry
(IRMS); however, to date, no international standards with stated uncertainty exist that link 5°N°
and 5™NP to the AIR-N; isotopic scale. In addition, calibration of OIRS analyzers requires N,O
isotope standards in whole air at ambient amount fractions, to account for gas matrix effects
and spectral interferences.

Within the framework of the EMPIR project “Metrology for Stable Isotope Reference Standards
(SIRS),” we aim to develop such standards to be made available to the global community.
These will be gaseous standards available as pure N,O or N,O diluted in whole air. To tie the
5'°N® and 5'°N® values to the AIR-N, scale, we are synthesizing NH,NO; salts with a range of
5"°N-NO; and 5'°N-NH, values, each of which will be determined precisely by an international
group of laboratories. Each salt will then be thermally decomposed to achieve a quantitative
conversion of NH4sNO; to N,O, thus providing several tie-points directly to the internationally
accepted AIR-N; isotope scale.

Here, we present the details of this aspect of the EMPIR project and specifically the methods
described above.
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ID: 154
Vortrag
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Measurement of challenging matrixes using the IsoFLOW headspace analyser

Filip Volders®, Lutz Lange®, Sam Barker?, Mike Seed?
'Elementar, Germany; *Elementar, UK

The measurement of stable isotopes of challenging samples is made easy using the clean-up
and sample processing capacity of the new isoFLOW sample preparation unit. The capability of
the system to deal with any type of interference such as ethanol vapours of wines and spirits, as
well as VOC’s from fruit juices will be demonstrated. The analysis of headspace samples of
nonpure carbonates poses a serious challenge and high precision analysis are really only
achieved using dual inlet preparation of the samples. The isoFlow demonstrates a unique ca-
pacity to deliver near dual inlet performance using the automatic acidify and purification capabil-
ities of the isoFLOW.
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ID: 131
Vortrag
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Utilizing Chromatographic Principles for High Sensitivity Isotope Ratio MS
Andreas Hilkert, Oliver Kracht, Christopher Brodie, Dieter Juchelka, Mario Tuthorn
Thermo Fisher Scientific (Bremen) GmbH, Germany

Gas chromatography is a widely-used analytical technique with a great perspective of dramati-
cally reducing both analysis time and the amount of material required for isotope analysis. Ap-
plying GC to IRMS mainly relies on column temperature and column flow rate, specifically the
optimization of these parameters. The high efficiency of analytical improvements which were
recently conducted on the Thermo Scientific™ EA IsoLink™ and Thermo Scientific™ GC
IsoLink II™ IRMS Systems demonstrates how chromatography based innovative features push
research boundaries at new levels, broadening the available analytical window for biomarker
analysis.

This presentation will focus on how continuous flow IRMS utilizes chromatographic principles to
routinely increase the sensitivity. For EA-IRMS, we will focus on the analysis of small concen-
trations of carbon, nitrogen and sulphur and illustrate with data, how the EA-IRMS utilises
chromatographic principles to routinely increase the sensitivity on NCS measurements. Espe-
cially, the data illustrates the analysis of nitrogen, carbon and sulfur concentrations of less than
5 pg and on very high C/N and C/S ratio samples whilst delivering automated routine analysis.
Examples of the gains in sulfur sensitivity from measurements of bone collagen and wood
demonstrate that data precision is significantly better than 0.3%o.

Optimizing the chromatographic parameters within GC-IRMS has enabled high-precision isotop-
ic analysis of picomoles of carbon in organic biomarkers (Baczynski et al., 2017). The narrow-
bore capillary GC column improves the resolving power whilst low volumetric flow rates in-
crease the efficiency of sample transfer to the ion source, ultimately resulting in reduced sample
size requirements for compound-specific carbon isotopic analysis by about two orders of magni-
tude.
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Abstract

Stable hydrogen and carbon isotope values of methoxyl groups (OCHs)of plant organic matter
have large potential for applications in biogeochemical, atmospheric and food research. So far,
most of the analyses of plant methoxyl groups by isotope ratio mass spectrometry were gener-
ated by using liquid iodomethane, a substance difficult to handle (carcinogen, high volatility,
decomposition in presence of air), as the reference material to normalize stable isotope meas-
urements of plant methoxyl groups to isotope—0 scales. However, comparison of measurements
of stable hydrogen and carbon isotopes of plant methoxyl groups are hampered by the lack of
proper reference materials. We have investigated two methyl sulfate salts (HUBG1 and
HUBG2) which exclusively contain carbon and hydrogen from one methoxyl group for their
suitability to be applied as methoxyl reference materials. Firstly, the stable hydrogen and carbon
isotope values of the bulk compounds were calibrated/determined against international refer-
ence substances by elemental analyser isotope ratio mass spectrometry (EA-IRMS, MPI-BGC,
Jena) and in a second step compared with measurements using gas chromatography isotope
ratio mass spectrometry (GC-IRMS, Heidelberg University) where prior to analysis the methoxyl
groups are transformed to gaseous iodomethane.

The results obtained by EA-IRMS (5°H and &'°C values: -144.4 + 1.8 mUr and -50.19 * 0.16
mUr (HUGB1); -104.3 + 0.8 mUr and +1.55 + 0.05 mUr (HUGB2)) were in good agreement with
results measured by GC-IRMS (5°H and 5'°C values: -143.2 + 1.5 mUr and -47.73 + 0.21 mUr
(HUGB1); -102.5 + 1.0 mUr and +4.42 + 0.40 mUr (HUBG2)).

We suggest that both methyl sulfates can be applied as reference materials for normalization of
isotope measurements of hydrogen and carbon of plant methoxyl groups to isotope—0 scales
and for inter-laboratory calibration.
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An increase in the sensitivity of isotope ratio mass spectrometers is required to meet the de-
mands of researchers for smaller sample sizes, higher resolution sampling, and increased
precision. C: N ratios, archaeological collagen samples, which have very small amounts of
sulfur, trace gases of very low concentrations, tree ring samples, where the temporal resolution
is limited by sample size, or compound specific measurements.

Following an analysis of the ion optics of the seron Nier-type electron impact ion source, we
have made it clear that the area of ionization is matched with the area of beam extraction. We
have thus improved the overall efficiency of the source and the improvements in sensitivity are
significant. Isotope community across different scientific disciplines
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Am Institut fir Grundwasserwirtschaft der TU Dresden besteht eine langjahrige Erfahrung hin-
sichtlich der isotopentreuen Niederschlagssammlung zu Forschungszwecken (Burghardt et al.,
2014). Hierbei wurde bis vor kurzem ausschlieBlich auf die von der IAEA beschriebene Metho-
de eines Totalisators mit verdunstungshindernder Paraffin- bzw. Silikonélschicht in einer gla-
sernen Sammelflasche (IAEA, 2002) zurtickgegriffen [Silikonél-Sammler]. Neuerdings wurden
weitere Regensammler als Nachbau des von Gréning et al. (2012) beschriebenen, 6l-freien
Sammlerprinzips [Wickelschlauch-Sammler] ausgefiihrt und an mehreren Standorten in Sach-
sen aufgestellt und betrieben; unter anderem auf dem hydrogeologischen Testfeld der TU
Dresden in Pirna und im Botanischen Garten der TU Dresden.

An ersterem Standort wurde im Januar 2016 eine langfristig angelegte Messreihe begonnen;
zunachst mit einem Silikondl-Sammler, seit Oktober 2016 dann mit einem parallel betriebenen
Wickelschlauch-Sammler. Der Vergleich beider Reihen, wie auch ein Vergleich der Sammler-
konzepte unter kontrollierten Bedingungen in einer Versuchshalle lassen auf Vorteile des Wi-
ckelschlauch-Sammlers hinsichtlich Signalstabilitat und Handhabung schlieBen und bestatigen
die Erkenntnisse von Groning et al. (2012).

Eine weitere Messreihe wurde zu Beginn des Jahres 2017 im Botanischen Garten der TU
Dresden mit einem Wickelschlauch-Sammler begonnen. Der Vergleich der gesammelten Nie-
derschlagsmengen mit Daten der stadtischen Wetterstation am selben Standort lie3 allerdings
auf frostbedingte Probenbeeinflussung schlief3en.

Das Unterbringen des Sammelbehalters in einer festen, beheizbaren Umhausung, wie von
Stadler (2002) vorgeschlagen, wiederspricht jedoch der Einfachheit des Sammlerkonzepts.
Daher wurde der Wickelschlauch-Sammler mittels Heizmatte, Thermostat und mobiler Strom-
quelle zu einer temporar beheizten Sammlereinheit [Heiz-Sammler] modifiziert und — leider erst
gegen Ende des Winters 17/18 — auf dem Testfeld Pirna getestet. Erste Ergebnisse zeigen
Abweichungen der Stabilisotopen-Signaturen bei Sammelperioden mit Frosteinfluss. Mit fortlau-
fenden Parallelmessungen im kommenden Winter soll die Leistungsfahigkeit des Sammlerprin-
zips daher weiter validiert werden.

Literatur:

Burghardt, D., Stock, P., Stock, J., Michel, L., Krause, T., Hahn, H. J., B6hm, A. K. (2014).
Grenzubergreifende 6kologische Bewertung des Grundwassers durch die Erfassung der
Grundwasserfauna sowie die Bestimmung von stabilen Isotopen im Rahmen des Ziel 3-
Projektes GRACE.

Groning, M., Lutz, H. O., Roller-Lutz, Z., Kralik, M., Gourcy, L., & Pdltenstein, L. (2012). A sim-
ple rain collector preventing water re-evaporation dedicated for 8180 and 82H analysis of cu-
mulative  precipitation = samples.  Journal of  Hydrology, 448-449, 195-200.
http://doi.org/10.1016/j.jhydrol.2012.04.041

IAEA. (2002). Technical Procedures for Sampling. IAEA-WMO Programme on Isotopic Compo-
sition of Precipitation: Global Network of Isotopes in Precipitation (GNIP). Retrieved from
http://www-naweb.iaea.org/napc/ih/documents/userupdate/sampling.pdf

Stadler, H. (2002). Rain-gauge with integrated isotope-sampling device. Berichte des Institutes
fur Geologie und Paldontologie der Karl-Franzens-Universitat Graz / Austria, 6, 34—36.

26



Poster # 2
Poster
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Graphene-modified polymer monoliths for high throughput extraction of mi-
cropollutants for compound-specific isotope analysis

David Gléckler!, Rani Bakkour!, Christopher Wabnitz', Gabriel Sigmund®, Michael Seidel*,
Martin Elsner™

'Chair of Analytical Chemistry and Water Chemistry, Technical University of Munich, Germany;
?|nstitute of Groundwater Ecology, Helmholtz Zentrum Miinchen, Germany

Compound-specific isotope analysis (CSIA) has been demonstrated to be highly suitable for the
evaluation of sources and transformation processes of micropollutants, such as pesticides and
pharmaceuticals, in laboratory experiments during the last decade. However, analytical chal-
lenges associated with low micropollutant concentrations (sub-pg/L range) in environmental
water samples still limit applicability of CSIA approach to field studies due to large volumes of
water necessary for extraction. Although traditional solid-phase extraction techniques are avail-
able for enrichment of micropollutants, they fail in processing large volumes in feasible time-
scales due to limited flow rates (i.e. few mL/min). Therefore, a high throughput concept for
extraction is needed. To this end, monolith affinity filters (MAF) offer a promising solution to
process large volumes of water in reasonable time (i.e. up to 1000 mL/min). MAFs are epoxy-
based polymers prepared by self-polymerization of polyglycerol-3-glycidyl ether in organic sol-
vent as porogens. A highly cross-linked structure with high porosity (79%) and large pores (i.e.
from 15 to 25 um) enables high throughput of liquid samples. In recent years, application of
MAFs has been demonstrated for capturing bacteria. Nevertheless, a successful extension of
the concept to organic micropollutants has not been realized. In this work, we explore the use of
graphene-oxide to modify the MAFs surface chemistry in order to enable pi-pi electron donor-
acceptor interactions with the micropollutants.

Tailored-made MAFs were successfully synthesized using toluene and tert-butyl methyl ether
as porogen with volume ratio of 3:2. Amine groups were immobilized onto the pore surface via
the reaction of epoxide groups with the polyetheramine Jeffamine. Subsequently, graphene
oxide (GO) was covalently attached by coupling the amine groups using dicyclohexylcar-
bodiimide as a coupling agent. Polymer monoliths functionalized with reduced graphene oxide
(rGO) were then obtained via chemical reduction by ascorbic acid. Sorption performance of
selected pesticides and metabolites, namely isoproturon, terbuthylazine, s-metolachlor, and 2,6-
dichlorobenzamide, has been assessed on GO-functionalized and rGO-functionalized polymers,
as well as on bulk GO and rGO in batch experiments. Results reveal that rGO exhibits higher
sorption capacity towards isoproturon, terbuthylazine, s-metolachlor by factors of 15, 8, 13,
respectively. 2,6-dichlorobenzamide equally sorbed on GO and rGO. First results exhibit the
suitability of rGO for modification of MAFs surface chemistry. Recovery efficiency of the sorbed
analytes is being investigated for different eluent solvents. Optimization of operation parame-
ters, including sample pH, volume, and flow rate as well as desorption volume and flow rate, will
be evaluated on the base of analyte recoveries.

27



Poster # 3
Poster
Themen: Analytik, Methoden, Techniken und Qualitatssicherung

Methodenvergleich zur Lagerung von Sekundarstandards fir die Wasserisoto-
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Isotopenhydrologische Fragestellungen bilden einen wichtigen Forschungsschwerpunkt des
Institutes fur Grundwasserwirtschaft (IGW) der TU Dresden. Seit 2011 kdnnen die Stabilisoto-
penverhdltnisse von Wasserproben im eigenen Labor des Institutes analysiert werden. Um die
Bandbreite der in Europa vorkommenden Wasser analytisch abdecken zu kénnen, wurden
2012 vier naturliche Wasser (drei Mineralwasser und ein Schnee-Schmelzwasser) als sekunda-
re Standards (Laborstandards) eingemessen. Seitdem werden sie fir die Nutzung im Routine-
betrieb in gasdichten Beuteln gelagert. 2017 wurde eine gezielte Versuchsreihe zur Prifung der
Stabilitat der Stabilisotopenverhaltnisse bei Lagerung in gasdichten Spritzen, Tropfflaschen und
GC-Vials erganzt.

Gegenstand dieses Tagungsbeitrages soll eine Aus- und Bewertung der verschiedenen Lager-
ungsmethoden fiur die Sekundarstandards sein, welche am IGW zur Kalibrierung der Stabiliso-
topenanalysen von Wasserproben Verwendung finden.
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Glyphosate-based herbicides, known commercially as Roundup®, is the most widely applied
herbicide in the world. Due to its increasing use as a non-selective broad-spectrum weed killer,
its ubiquitous occurrence has been soaring in the environment including surface-, and ground-
water. Hence, determination of their source and fate in contaminated environmental compart-
ments is invaluable. Compound-specific isotope analysis (CSIA) of glyphosate and AMPA offers
a powerful approach to track sources and transformation processes of the herbicide. While
numerous studies report on sensitive but laborious analyses of glyphosate and AMPA, none of
them are in fact suited for CSIA for environmental samples owing to (i) the zwitterionic nature of
glyphosate and AMPA that renders its extraction from water not efficient on conventional solid
phases, and consequently (ii) chemical modification of the analytes is often employed to enable
extraction from water. Owing to introduction of additional carbon in the analytes structure, deri-
vatization is not compatible with C isotope measurements, whereas enrichment of the underi-
vatized analytes remains an inevitable requirement for CSIA of glyphosate and AMPA at envi-
ronmental concentrations of microgram per liter.

In this work, the selective enrichment of underivatized glyphosate and AMPA from environmen-
tal waters was developed using stoichiometric molecularly-imprinted polymers (MIP) based on
ionic interactions of oxyanions with substituted urea monomers. Extraction was followed by
concentration analysis on IC-ESI-MS/MS, as well as CSIA using liquid chromatography / iso-
tope-ratio mass spectrometry (LC/IRMS) and flow injection analysis / isotope-ratio mass spec-
trometry (FIA/IRMS). Extraction efficiencies of the analytes from river-, creek-, and ground-
water amounted to 94 + 7, 97 + 15, and 26 + 5% for glyphosate, and to 92 + 8, 105 + 26, and 63
+ 7% for AMPA, respectively. Moreover, matrix effects associated with the use of MIP were
investigated and found to be marginal on IC-ESI-MS/MS which ranged from -12 + 2 to +7 + 2%
for glyphosate, and from +3 + 0 to +6 + 1% for AMPA. Measurements of 5'°C of glyphosate and
AMPA over the developed analytical method demonstrate no significant deviations in 5°C
(Ad*C < 1%o). These findings provide a simple analytical method suitable for both quantification
and carbon isotope analysis. This work with the already existing lab-scale CSIA methods, ena-
bles investigation of source and fate of glyphosate and its metabolite AMPA on the field-scale.
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Stable hydrogen isotopes as a world forensic tool: Potential and pitfalls
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Decades of research have used stable hydrogen isotopes to predict the geographic origin of
products or animals, in particular for unravelling migration routes of birds and mammals. This
approach is based on continent-wide patterns of stable hydrogen isotope ratios in precipitation
water, so-called isoscapes; patterns that are mostly related to local precipitation intensity and
ambient temperature. Here, | will summarize some of the recent advances and some pitfalls in
using isoscapes for predicting the spatial origin of animals based on stable hydrogen isotope
ratios in body products such as fur and feather keratin. A recently launched R-package, called
IsoriX has facilitated the development of geographic assignment models, yet the quality of such
models depends on various assumptions that quite often await a thorough validation. For ex-
ample, reference points for precipitation stable hydrogen isotope ratios vary largely across
continents, reflecting the spatial variation in international efforts to provide georeferenced val-
ues. Most importantly, reference points are coarsely distributed particularly at northern latitudes,
where stable hydrogen isotopes in precipitation water are known to vary largely. Additionally,
some continents such as Africa or Asia are still data deficient for stable hydrogen isotope ratios
in precipitation water, which hamper a borader application of geographic assignments based on
feather material from birds with an African or Asian wintering range. The quality of isoscape
origin models depends largely on the accuracy and precision of so-called transfer functions.
These transfer functions relate the stable hydrogen isotope ratios in keratin of animals of known
location to those of local precipitation water. Larger efforts have to be undertaken to establish,
guild-specific or even species-specific transfer functions for a larger variety of taxon. Despite
these uncertainties, recent comparisons of the geographical origin of birds based on two inde-
pendent measures, namely stable isotopes and geolocators, support an overall high quality of
isoscape origin models. The recent launch of international standards for keratin stable hydrogen
isotope ratios and the methodological breakthrough in measuring stable hydrogen isotope ratios
independent of the adverse effects of ambient humidity will certainly promote a wider applica-
tion of isoscape origin models beyond birds and mammals.
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Organophosphorus pesticides (OPs) are a diverse family of pesticides that have been used
since the 1940s. In contrast to organochlorine pesticides, OPs are less persistent and therefore
applied worldwide. However, OPs such as the model compound chlorpyrifos are highly toxic,
resulting in the inhibition of the neurotransmission in insects, animals and also humans. The
high toxicity and presence of OPs in the environment is of great concern, as they have repeat-
edly been detected in soils, sediments, waterbodies, as well as within food and drinking water.
Thus, tools are needed to understand sources, reactive transport pathways and sinks of OPs in
the environment.

Stable isotope analysis has been proved as a valuable method for the detection of the origin of
chemicals, as the isotopic profile reflects the isotopic composition of raw materials, synthetic
pathways and purification processes. The aim of this study is to provide a database for the
source identification of chlorpyrifos. For this reason, pure batches and commercial formulations
of chlorpyrifos from more than 30 manufactures from India, China and Germany were collected
and isotopically characterized using Elemental Analyzer — Isotope Ratio Mass Spectrometry
(EA-IRMS) for analyzing the 5"°C, 5°H, 5'0 and 5"°N isotopic composition and Gas Chroma-
tography — Multiple Collector — Inductively Coupled Plasma Mass Spectrometry (GC-MC-
ICPMS) for determining the 3*Cl isotopic signature.

The isotopic composition of analyzed chlorpyrifos samples varied from -31.9 + 0.1 %o to -24.1 +
0.1 %o for 5"°C, -271.0 £0.9 %o to -156.5 + 0.8 %o for 5°H, -0.9 + 0.1 % to 24.6 + 0.1 %o for 5'°0, -
3.42 + 0.02 %o to -0.04 + 0.03 %o for 5'°N and -1.29 + 0.15 %o to 3.08 + 0.21 %o for 5*'Cl. Taking
the typical uncertainties of 0.5 %o for 5°C, 5.0 %o for 8°H, 0.5 %o for 520, 0.3 %, for 5'°N and 0.3
%o for *'Cl into account the combination of different isotopic signatures give a unique fingerprint
to track sources in the environment. Thus, this study highlights the potential of multi-
dimensional stable isotope fingerprinting for identifying sources, and provides a database of the
isotopic composition of chlorpyrifos that might improve the tracing of origin, transport pathways
and the environmental fate of chlorpyrifos.
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Consumers are paying increasing attention to the geographic origin of agricultural products.
Analytical tools that allow independent verification of the geographical origin of a product are
thus in high demand for food quality control. Several descriptive tools using stable isotopes for
origin analysis are used today, but these typically rely on time consuming and expensive collec-
tion of reference data sets, which also lack the capacity to account for interannual climate vari-
ability at a given location. In contrast, applications using mechanistic plant physiological water
isotope (oxygen and/or hydrogen) models can potentially provide a faster, cheaper, and more
adaptive way to predict the origin of agricultural products. Still, the implementation is complicat-
ed because such models require detailed knowledge of fractionation processes and water
fluxes through a given agricultural crop. We are working to address these questions. Here we
present results from experiments with raspberries and strawberries where we test if the Péclet-
modified Craig Gordon model, that was originally developed for d2H and d180 values in leaf
water can also predict the d2H and d180 values of water and carbohydrates in berries.

Sixty strawberry and sixty raspberry plants were grown in climate-controlled growth chambers
at 30%, 50%, and 70% relative humidity, and plants were irrigated with water with a fixed iso-
tope composition. These experimental conditions permit the direct comparison of fractionation
steps for oxygen and hydrogen isotopes in leaf and berry water, oxygen isotopes in leaf and
berry bulk material and cellulose, and hydrogen isotopes in leaf and berry lipids. Our results
reveal that leaf and berry water has similar isotopic compositions. Thus, the Péclet-modified
Craig-Gordon model that works well to predict the isotopic composition of leaf water, can also
be used for berry water — but the Péclet effect needs to be adjusted. First results also suggest
constant fractionation from leaf water to leaf bulk material independent of the humidity, with a
slight difference between species (+20%o, SD +1%o raspberries; +18%o, SD +0.7%o strawberries).
This suggests, that if the difference between leaves and berries can be quantified, modeled
berry water isotope values and calibrated compound and species-specific fractionation factors
may be capable of producing precise prediction models for samples of unknown origin.
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The geographical origin of beers is becoming more and more important for consumers in Ger-
many. Additionally, customers are willing to pay higher prices for products which they perceive
to be produced from exclusively regional ingredients. However, with an increase in price, the
chance of coming across a counterfeit or mislabelled product, wrongfully appearing to be of
local origin rises. Therefore, it is crucial to establish methods that could distinguish whether
foods are produced from regional ingredients or not. Carter et al. (2015) have already shown,
that tracing the origin is possible on a global scale using, among other things, the oxygen and
hydrogen isotopic composition of 162 beer samples. However, there is an urgent need for simi-
lar techniques on regional scale, especially in southern Germany where small scale breweries
advertise with beers exclusively produced from local raw materials.

In my Master thesis, | am using a combined methodic approach to analyze around 125 beers
and their ingredients, provided by breweries from all around Germany but mostly from the
southern part of the country. Similar to Carter et al. (2015), we are using Isotopic Ratio Mass
Spectrometry (IRMS) to determine the 5'°C, 8N, 50, °H ratios and Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES) to determine the trace element composition
of different beers and its ingredients. On the one hand the dry residue of the beers will be ana-
lyzed to investigate the sugar composition, crop mixture and consequently the type of beer and
the origin of the crop. On the other hand, we will analyze the whole beer by ICP-OES to pro-
duce a trace-element fingerprint and detect if salts where added during brewing (Alcazar et al.
2012). The isotopic composition of the brewing water as well as the whole beer, will provide
valuable information regarding the origin. Further, the 5°C of CO, from carbonic acid will be
measured to determine whether additional carbonic acid was added, which is against the ger-
man “Reinheitsgebot”, a series of regulations limiting the ingredients in beer.

We are convinced, that this combination of methods will enable us to differentiate beers on a
local scale, offering a powerful tool in the fight against mislabeled food stuffs.
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Stable isotope analyses on different human tissues are used for provenancing of unknown
individuals in forensics. Information about their location during childhood and youth can be
obtained from teeth samples. The dentine of permanent teeth develops from the 4" to the 25
year of one’s life. For determination of the whereabouts, C-N-S-H stable isotope signatures of
dental collagen are assigned to geographical regions by using reference data from hair samples
collected worldwide.

Additionally, the O content in tooth apatite can be used as a source of geographical infor-
mation. Basically, hydrogen and oxygen isotope values in body tissues are linked to the 5*°0 or
&°H values of body water, which is connected to drinking water and food and predominantly
contains information about the climate in the region of origin. 5'°0 analyses can be performed
on the apatite phosphate (5'°0,) or on the structural carbonate (5"°O.).

The relation of 5*®0 values between apatite in enamel and drinking water for humans is well
established, and for 5**0. and 5'°0, in enamel of archaeological individuals a strong correlatlon
could be documented. It can be reasonably considered that there a similar correlation for 50,
and 5'°0, in dentine exists.

29 tooth samples from modern humans were analysed for collagen 6°H, 6'°0,, and 6180c in
dentine. The isotope results show a highly significant correlation between collagen &°H and
6180p as well as 6*%0..values. Consequently, similar to the apatite 50 values, dental collagen
&°H values can be used as an indicator for the climatic condition at the individuals’ wherea-
bouts.
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Nowadays, a customer’s purchase decision is drastically influenced by the authenticity of given
food product. Parameters like traditional, organic and fair production as well as protected origin
and high-quality varieties significantly gained in importance. At the same time, several food
fraud scandals like the 2013 European horse meat scandal, have not only caused massive
economical damage, they also led to a loss of consumer trust in the industry. As a reaction, the
European parliament implemented an action plan and released a protocol (2013/2091 [INI]),
naming cereals and related products at number five of the top ten foodstuffs that are most at
risk of food fraud.

In present work, we want to present the AgrOr project, which was brought to life in 2017 in order
to tackle the aforementioned issue. It aims to develop and combine scientific methods that
enable the detection of varietal purity, cultivation method (e.g. organic or conventional), product
quality and geographical origin of various cereals along the entire value chain including pro-
cessed goods. To accomplish this task, we perform Raman spectroscopy, NIR, NMR and IRMS
measurements of up to 1000 cereal samples per year and combine the data using multivariate
statistics.

Preliminary results look very promising as we were able to correctly classify samples according
to harvest year and cereal species (wheat, rye, spelt and barley). Consequently, we could suc-
cessfully identify falsification of spelt flour with small amounts of cheaper wheat flour. Further-
more, we found good correlations between flour quality parameters from time consuming well-
established traditional approaches and our data from modern techniques, which in future could
act as an efficient replacement. Using IRMS, a first trend towards the differentiation between
conventionaIIQ/ and organically produced samples could be observed, the latter often being
enriched in ®N. Finally, we performed baking experiments, finding no significant fractionation in
5'%C, 5N or 5'®0 between flour and respective baked product, potentially enabling traceability
of raw materials. In general, classification in terms of geographical origin was already possible,
however, the number of samples analysed up until now is too low for the creation of solid statis-
tical models and valuable measurements of 3°H are pending.

In conclusion, we are convinced that with more samples, the addition of hydrogen isotope data
and the effective linking of data, our multi-method approach provides the large number of pa-
rameters required to create an effective tool for authenticity testing of cereals and related food-
stuffs.
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The MK model — a user-friendly tool for predicting oxygen isotope composition
in livestock

Karl Auerswald®, Guo Chen?
“Technische Universitat Miinchen, Germany; “Chengdu University of Technology, China

Oxygen isotope composition (5'°0) of body water or protein shows potential for tracing produc-
tion systems even in animal products like milk. However, parameters influencing this value are
difficult to investigate by controlled experiments due to fluctuating ambient conditions and due
to the slow body water turnover that requires large amounts of isotopically constant diet (e.g.
drinking water and feed moisture) to achieve equilibrium conditions. A mechanistic model (MK
model) was developed as a promising assistant to predict environmental, physiological and
animal management related influences on &0 of body water. A user-friendly spreadsheet
calculator (MK calculator) allows running this model. Measured data of milk and hair were used
for validation and showed a root mean squared error of 1.3 %o (n = 796) and a Nash-Sutcliffe
modeling efficiency of 95%. Examples of application are divers like (1) evaluating the interaction
of ambient conditions with feeding strategies; (2) investigating the influence of moisture con-
tents in grass, grass silage, hay and concentrates; (3) predicting the influence of drinking water
on body water depending on the feeding strategy; (4) assessing the half-life of body water
depending on physiological state and ambient conditions. The MK calculator may be applied for
a wide range of questions related to 5*°0 of body water like influences of animal behavior, of
diseases, or of transhumance. The MK calculator is also easy to adapt to other animals than
cows.
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Isotope im Niederschlag — Indikatoren fiir Herkunft und Prozesse

Tobias Hartmann™? Ronald Krieg?, Jiirgen Déring? Stephan M. Weise®
"Helmholtz-Zentrum fur Umweltforschung - UFZ, Germany; Martin-Luther-Universitat Halle-
Wittenberg, Germany

Das vom Harz ausgehende Einzugsgebiet der Bode tiberstreicht mit seinen ca. 3200 km? einen
Hohenbereich von 1100 bis hinunter zu 55 m NHN. Seit Ende 2012 aufbauend wurden im
Rahmen des TERENO-Forschungsprogramms monatliche Niederschlagsproben von 26 spezi-
ell konstruierten, verdunstungsarmen Sammlern entnommen und auf ihre Isotopenzusammen-
setzung (3°H, 5'0, in geringerem Umfang auch °H) hin analysiert. Mit dem Code HYSPLIT
wurde versucht, statistisch auffallige Messwerte mit besonderen GroRwetterlagen zu korrelie-
ren, was nur mit *H-Werten gelang. Die aus den 8°H- und 5'®0-Werten erwartete Information
Uber den Ursprung der Luftmassen scheint dagegen zu stark durch die lokalen Gegebenheiten
wie Hohengradient und Luftfeuchte Uberpragt zu sein.
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Integrated altitude isotope effects in rivers of high-relief terrains: A correction
method to identify water recharge altitudes

H. Hemmerle®, T.R. Juhlke', F. Huneau??, E. Garel®?, S. Santoni??, J.A.C. Barth', R. van
Geldern®

"Universtiat Erlangen-Niirberg (FAU), GeoZentrum Nordbayern, 91054 Erlangen, Germany;
2Université de Corse Pascal Paoli, F-20250 Corte, France; *CNRS, UMR 6134 SPE, F-20250
Corte, France

Quantification of the isotope altitude effect from precipitation allows for identifying and outlining
recharge areas in high-relief areas. This is primary importance for the future protection of spring
water and groundwater resources. However, lacking isotope precipitation data, demanding
logistics, and difficult maintenance of rain collectors in steep catchments frequently limit the
possibility of this precipitation-based approach. Perennial rivers often provide easier, year-round
access for water sampling and thus offer an easier straightforward option. A problem associated
with the latter approach is that rivers in high-relief regions may not adequately represent re-
gional precipitation isotope pattern because they integrate isotope signals from various sub-
catchments with variable height distributions along their course. This often results in local iso-
topic offsets between river water and precipitation and thus prevents the calculation of an altitu-
dinal isotope gradient from river water samples. We present a study from the Tavignanu River
catchment (Corsica, France) that shows how a river-based sampling approach served to esti-
mate the altitude effect of precipitation after elevation-integrated area corrections were per-
formed with geographic information system (GIS) tools. At first investigations river water sam-
ples unexpectedly showed increasing isotope values with increasing altitude in the upper
reaches of the catchment. We refer to this inverse relationship as the apparent inverse altitude
effect. When replacing the original sample site altitude by the mean upstream catchment eleva-
tion calculated from a digital elevation model allowed to establish a plausible altitude isotope
effect from stream water. The results of this approach showed an average isotope altitude
gradient of (-0.19 + 0.02)%. per 100 m elevation difference for 5'°0, which is in close agree-
ment with published values for the region. We therefore propose that this correction method is
able to overcome the problem of height integrated isotope signals in rivers in steep terrains.
This approach can potentially be transferred to high relief terrains worldwide where precipitation
sampling is difficult to realize.
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Integrative isotope techniques to evaluate the fate and transport of nitrogen in
the Erlauf River catchment, Austria

Izabela Bujak, Christin Mller, Ralf Merz, Kay Knéller
Helmholtz Zentrum fur Umweltforschung - UFZ, Germany

In the last decades, the N-balance has been altered due to the extensive agricultural and urban
development that resulted in raising N fluxes into surface and groundwater, deteriorating water
quality, and eutrophication. A deep understanding of the interactions between sources, microbi-
ological transformations processes and hydrological transport is crucial in predicting the effects
of anthropogenic changes in the N-cycle on aquatic ecosystems. Former studies involving
isotope techniques in catchment scale predominantly deduced information about the N sources
and the N transformation processes by the analysis of nitrate concentrations and corresponding
isotopic signatures (5'°N, 5'®0), nevertheless, the origin and fate of N in a large and mesoscale
river catchments characterized by mixed land use remains unclear. The appropriate nitrogen
assessment and management is still challenging for water resource managers and policymak-
ers.

The present study examines the Erlauf River catchment with an area of 525 km?n Alpine foot-
hills in Austria. The catchment is characterized by a strong anthropogenic gradient from forest
conservation areas in the mountain region to agricultural areas in the lowlands. The seasonal
surface water monitoring programme was conducted from 2012 to 2017. The approach based
on the combination of multi-isotope techniques (5°Nios., 3®0Onosz., 52Hiz0, 88020, 5>*Sso4z-,
5'®0s042- and 51°Cpic) with data on water chemistry, hydrological modelling, and Bayesian iso-
tope mixing model (MixSIAR) was used to quantify the contribution of different N sources in
stream water during contrasting hydrological conditions (base flow and high flow), and to ad-
dress subsequent biogeochemical processes.

The results indicate that the combination of multi-isotope approach with hydrological modeling
and probabilistic methods allow better quantification of large-scale N fluxes and estimation of
the influence of different hydrological conditions on the N-cycling.
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Tomography of anthropogenic nitrate contribution along the Holtemme River,
Germany

Christin Miiller!, Andreas Musulff?, Ulrike Strachauer®, Mario Brauns®, Larisa Tarasova',
Ralf Merz?, Kay Knoller

"Helmholtz Centre for Environmental Research — UFZ, Germany, Department Catchment Hy-
drology; 2Helmholtz Centre for Environmental Research — UFZ, Germany, Department of Hy-
drogeology; *Helmholtz Centre for Environmental Research — UFZ, Department of Aquatic
Ecosystem Analysis

Spatially and temporally variable and often superimposing processes like mobilization and
turnover of N-species strongly affect nitrate fluxes at catchment outlets. It remains thus chal-
lenging to determine dominant nitrate sources to derive an effective river management. Here,
we combine data sets from two spatially highly resolved key-date monitoring campaigns of
nitrate fluxes along a mesoscale catchment in Germany with four years of monitoring data from
two representative sites within the catchment. The study area is characterized by a strong land
use gradient from pristine headwaters to lowland sub-catchments with intense agricultural land
use and wastewater sources. Flow conditions were assessed by a hydrograph separation
showing the clear dominance of base flow during both investigations. However, the absolute
amounts of discharge differed significantly from each other (outlet: 1.42 m3 s™ versus 0.43 m3 s~
1. Nitrate concentration and flux in the headwater was found to be low. In contrast, nitrate loads
further downstream originate from anthropogenic sources such as effluents from wastewater
treatment plants (WWTP) and agricultural land use. The agricultural contribution did not vary in
terms of nitrate concentration and isotopic signature between the years but in terms of flux. The
contrasting amounts of discharge between the years led to a strongly increased relative
wastewater contribution with decreasing discharge. This was mainly manifested in elevated
5'%0-NOs values downstream from the wastewater discharge. The four-year monitoring at two
sides clearly indicates the chemostatic character of the agricultural N-source and its distinct, yet
stable isotopic fingerprint. Denitrification was found to play no dominant role only for controlling
nitrate loads in the river. The spatially highly resolved monitoring approach helped to accurately
define hot spots of nitrate inputs into the stream while the long-term information allowed a clas-
sification of the results with respect to the seasonal N-dynamics in the catchment.
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Beitrage zur Stickstoffdynamik im landwirtschaftlich und urban belasteten und
als Trinkwasserressource genutzten Tai See, China - Einsichten aus geoche-
mischen Analysen und Messungen stabiler Isotope

Andre Wilhelms
Karlsruher Institut fir Technologie, Germany

Der Taihu, der drittgré3te SuRwassersee Chinas, ist ein Flachwassersee mit einer relativ hohen
Umsatzrate. Er liegt etwa 120 km westlich von Shanghai und versorgt mehr als 10 Millionen
Menschen mit Trinkwasser. Die Folge des starken Bevdlkerungswachstums in dieser Region ist
ein hoher Nahrstoffeintrag in den See, welcher wiederum zu einer starken Eutrophierung und
Algenbildung fuhrt. Dadurch ist die Wasserqualitat sowie die Versorgung mit Trinkwasser er-
heblich geféahrdet. An dieser Stelle setzt das seit April 2015 vom Bundesministerium fir Bildung
und Forschung (BMBF) im Rahmen des deutsch-chinesischen Forschungs- und Innovations-
programms Clean Water geforderte Projekt SIGN-DYNAQUA ,Von der Quelle bis zum Wasser-
hahn* an. SIGN-DYNAQUA hat dabei das Ziel, die Wasserqualitat des Sees und die Trinkwas-
serversorgung der Region sicherzustellen.

Ein Hauptziel der Arbeiten dieses Projekts ist die Identifikation von Quellen der Nahrstoffeintra-
ge (vor allem N und P) sowie deren Mobilisierungs- und Demobilisierungsprozesse unter Be-
ricksichtigung der Nahrstoffkreislaufe zu bewerten. Hierfir erfolgten mehrere Probenahme-
kampagnen zu unterschiedlichen Jahreszeiten und mit einer méglichst guten raumlichen Vertei-
lung. Neben der Entnahme von ausgewahlten Wasser- und Sedimentkernproben fir detaillierte
chemische Analysen in den Laboren des Karlsruher Instituts fiir Technologie (KIT), wurden
zusatzlich Messungen der stabilen Isotope von Wasser (*°0, H), geloéstem Nitrat (*>N, *°0) und
den Sedimentproben (**C, **N) in Kooperation mit der Firma Hydroisotop durchgefiihrt.

Die anorganischen Stickstoffkonzentrationen (Summe Nitrat-N und Ammonium-N) sind mit um
die 1-5 mg Nanorg. fUr ein Oberflachengewasser als hoch einzustufen. Anreicherungen der N-
Gehalte durch Verdunstungsprozesse konnten iber die Bestimmung der Isotopengehalte des
Wasser ausgeschlossen werden. Die Nitratisotopengehaltsbestimmungen zeigten, dass we-
sentliche Anteile des Nitratabbaus im See nicht statt finden. Die im Jahresverlauf schwanken-
den Stickstoffkomponenten gehen den analysierten Isotopengehalten zufolge hauptséchlich auf
Verdinnungprozesse und auf zeitlich unterschiedlich hohe Stickstoffeintrage zuriick. Als die
wichtigsten Quellen fir Nitrat konnten Abwasser aus Klaranlagen und Landwirtschaft identifi-
ziert werden. In Flachwasserseen ist als eine weitere N-Eintragsquelle resupendiertes Sedi-
ment zu berucksichtigen, insbesondere nach starkem Wellengang. Die Isotopenanalyse an den
Sedimenten zeigt bei manchen Proben einen Wechsel der N-Isotopengehalte mit der Tiefe,
wodurch auf eine sich lber die Jahre &ndernde N-Quelle geschlossen werden kann.
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Determining uncertainties of 815N-nitrate interpretation in groundwater with
the use of Monte Carlo simulations

Lisa Wild, Arno Rein, Florian Einsiedl|
Technische Universitat Miinchen, Germany

Many studies have shown the benefit of stable isotope analysis in groundwater systems. Any-
how, the isotope signature of nitrate may be altered by various processes such as isotope ex-
change reactions between water oxygen and nitrogenous oxides (NO, in particular) that are
formed during the (de)nitrification pathway, mixing of different nitrate sources and consequent
hydrodynamic processes along the flow paths (advection, dispersion). Using Monte Carlo simu-
lations, we want to explore the outcome of these different, potentially masking processes to
better interpret the nitrate isotope signature in groundwater systems.

A heterogeneous porous aquifer in lower Bavaria, Germany, was analysed for 8°N and 5'°0 of
nitrate along with various other parameters such as *H/*He, **C and the stable isotopes of water
(5°H & 3'®0) to model the mean transit times (MTT) (Wild et al., 2018). Using the data of the
study area and the observed distribution patterns of 8Ny in precipitation, manure and min-
eral fertilizers from Kendall et al. (1998), we ran Monte Carlo simulations with different mixing
(), transport (II) and denitrification (Ill) scenarios to determine the best fit for
5"°Nniratedistributions measured in the groundwater of the study area.

Results indicate a source driven isotopic shift to heavier **N values in nitrate and a trend to an
increased manure fraction from the main aquifer to the perched aquifer (younger groundwater).
This can be best explained by the mixing of different nitrate sources and the influence of
transport processes, where a range of different assumptions including land use, mean transit
time of groundwater, flow path length and dispersion parameter yielded good fits. A preliminary
best fit was found assuming 80% agricultural use implying 90% manure for the perched aquifer
and 50% manure for the main aquifer. Assuming different enrichment factors (Enjyate -25 tO -
15%y) of 5" Nnirate, denitrification may not be a dominant process in the aquifer.
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A new approach of groundwater dating using dissolved organic radiocarbon
(DOC) in a carbonate aquifer in the Bavarian Molasse Basin

Florian Heine, Florian Einsiedl|
Technische Universitat Miinchen, Germany

The challenges of radiocarbon (**C) dating in carbonate aquifers using dissolved inorganic
carbon (DIC) are well attested (Purdy et al. 1992; Burr et al. 2001; Hershey et al. 2016). The
effect of methanogenesis, bacterial sulfate reduction or dilution of inorganic carbon can signifi-
cantly alter and mask groundwater radiocarbon ages in anoxic carbonate aquifers with matrix
porosity. Therefore, Murphy et al. (1989) demonstrated the feasibility of using radiocarbon
dating methods with dissolved organic carbon (DOC) in carbonate aquifers.

In this study, we investigated groundwater dating with **Cpoc in the karstic Upper Jurassic aqui-
fer in the northern Bavarian Molasse Basin, where complex geochemical reactions under reduc-
ing conditions have characterised the chemical evolution of the groundwater (Frisch & Werner
1991; Frisch & Huber 2000). This groundwater system may also be affected by incongruent
dissolution of different facies types, ion exchange, and to some extent by bacterial sulfate re-
duction (Einsied| et al. 2008). In order to evaluate radiocarbon dating of groundwater in this
aquifer, we compared measured **C values from DIC and DOC, and calculated model ages.
Following this, we linked the apparent groundwater ages with the signatures of stable water
isotopes and noble gas infiltration temperatures (NGT) derived from Frisch & Werner (1991).

Our approach was to isolate the DOC, which is partially composed of hydrophobic fulvic acids,
by solid phase extraction with 1 g SPE-PPL cartridges after Dittmar et al. (2008). The extraction
method is highly efficient and applicable for groundwater with low DOC content (Li et al. 2016).
Our samples with low DOC concentrations of between 0.1 and 0.5 mg/l showed extraction
efficiencies for 10 | samples from 70 to 100 %.

We calculated *Cpoc groundwater ages between 5,000 and 23,000 years with “*Cpoc content
from 5.7 to 51.1 pmC. In contrast, corrected radiocarbon ages that were obtained from “*Cpic
showed a range between 7,600 and 12,300 years with 11.0 to 21.3 pmC. According to the
temperature distribution of climate models over the last 25,000 years (Shakun et al. 2012), the
calculated *Cpoc groundwater ages show a good correlation with measured 5°0 (-12.5 to -9.8
%o) and the implicated infiltration conditions from the same wells as well as NGT (1.4 to 8.5 °C)
(Frisch & Werner 1991). While the geochemical age correction models used for the carbonate
aquifer were a good fit for the calcium-magnesium-hydrocarbonate water, they did not accurate-
ly model the radiocarbon age of ion exchange water (Na-HCO3-Cl type).
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Isotopic approaches to assess potential impacts from shale gas development
on shallow groundwater

Bernhard Mayer, Pauline Humez, Veith Becker, Michael Nightingale
University of Calgary, Canada

With the advent of petroleum development from low permeability reservoirs facilitated by hy-
draulic fracturing it has become increasingly 