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Editorial 

Institute for Environmental Research 

Annual Report 2015 

 

According to our vision, 

"Teaching and research for a responsible 
treatment of environment and technology", 

2014 and 2015 have been very successful years. Our Masters course 
Ecotoxicology, established in 2010, is becoming more and more popular 
for students. Approximately half of the about 25 students per year enrolls 
in our course after completion of the bachelor's program from external 
universities, the other half comprising our own Bachelor students. The 
master course will be re-accredited in 2016. 

Numerous interdisciplinary research projects with national and 
international partners have been carried out, which are presented briefly 
in this brochure. 

We thank all the staff of our Institute for their dedicated and goal-oriented 
work and also acknowledge the financial support by many public and 
industrial sponsors that have enabled our research.  

We hope that the insight into the activities of the Institute for Environmental 
Research at RWTH Aachen University will pique your interest. 

 

Prof. Dr. Andreas Schäffer and Prof. Dr. Henner Hollert
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Units of the Institute
Chair of Environmental Biology  

and Chemodynamics (UBC) 

Prof. Dr. Andreas Schäffer 

 

Dr. Martina Roß-Nickoll 
(Community ecology and ecotoxicology) 

Dr. Burkhard Schmidt 
(Environmental chemistry) 

Dr. Kilian Smith 
(Environmental chemistry) 

Dr. Richard Ottermans 
(Quantitative ecology) 

Dr. Hanna Maes 
(Environmental risk assessment of synthetic 
nanomaterials) 

Prof. Dr. Erwin Klumpp 
(Environmental chemistry, FZ Jülich) 

 
 
 
 
 

Department of Bioanalytical 
Ecotoxicology 

Prof. Dr. Rolf Altenburger (UFZ, Leipzig) 

Department of  
Ecosystem Analysis (ESA) 

Prof. Dr. Henner Hollert 

 

Dr. Thomas-Benjamin Seiler 
(Effect-related ecotoxicology) 

Dr. Sabrina Schiwy 
(Molecular and biomedical ecotoxicology) 

Dr. Beat Thalmann 
(Team: Cell line and assay development) 

Dr. Markus Brinkmann 
(Team: Experimental and quantitative fish 
ecotoxicology) 

Dr. Kerstin Bluhm 
(Team: Ecotoxicological assessment of 
bioenergy processes) 

PD Dr. Werner Brack 
(Effect-directed analysis, UFZ, Leipzig) 

 

Department of System-
Ecotoxicology 

Prof. Dr. Matthias Liess (UFZ, Leipzig) 
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Staff 

Chair of Environmental Biology  
and Chemodynamics (UBC) 

Lead: Prof. Dr. Andreas Schäffer 

Assistant Professors: 
Maes, Hanna, Dr. ir. 
Ottermanns, Richard, Dr. 
Roß-Nickoll, Martina, Dr. 
Schmidt, Burkhard, Dr. 
Smith, Kilian, Dr. 

Postdocs: 
Scholz-Starke, Björn, Dr. 
Nowak, Karolina Malgorzata, Dr. 
Wyrwoll geb. Schneider, Anne, Dr. 
André Gergs, Dr. 

PhD students: 
Bach, Alexander, B. Sc. 
Bursche, Vanessa, B.Sc. 
Byun, Jae-Gyun, M.Sc. 
Chen, Zhongli, M.Sc. 
Daniels, Benjamin, M.Sc. 
Findeiß, Matthias, Dipl. Biol. 
Hausen, Jonas, Dipl. Gyml. 
Heine, Peggy, Dipl. Ing. 
Hennig, Michael, M. Sc. 
Holzmann, Hannah, B.Sc. 
Hörig née Szonn, Kerstin, Dipl. Biol. 
Ibrahim, Lara, M.Sc. 
Krämer, Klara, Dipl.-Biol. 
Luks, Ann-Katrin, M.Sc. 
Penssler, Eva, M. Sc. 
Politowski, Irina, M. Sc. 
Poßberg, Claudia M. Sc. 
Roeben, Vanessa, M.Sc. 
Sillapawattana, Panwad, M.Sc. 
Stibany, Felix, Dipl. Biol. 
von Lochow, Helga, Dipl. Biol. 
Yuan, Ye, M.Sc. 
 

Technicians: 
Goffart, Birgitta, TA 
Patti, Hilde, TA 
Thiede, Brigitte, TA 
Schröder, Edith MaTA 

Department of  
Ecosystem Analysis (ESA) 

Lead: Prof. Dr. Henner Hollert 

Assistant Professors: 
Bluhm, Kerstin, Dipl.-Biol. 
Brinkmann, Markus, Dr. 
Schiwy, Sabrina, Dr. 
Seiler, Thomas-Benjamin, Dr. 
Thalmann, Beat, Dr. 

Postdocs: 
Chen, Qiqing, Dr. 
Du, Miao Miao, Dr. 
Schiller, Viktoria Dr.  
Kumar, Vimal, Ph.D. 
Velki, Mirna, PhD 
Sarah Crawford, PhD 
PhD students: 
Deutschmann, Björn, B.Sc. 
Di Paolo, Carolina, M.Sc. 
Eichbaum, Kathrin, Dipl. Biol. 
Ernst, Marit, Dipl. Biol. 
Floehr, Tilman, Dipl. Biol. 
Gembé, Carolin, M. Sc. 
Heger, Sebastian, M.Sc. 
Hercht, Hendrik, Dipl. Biol. 
Hudjetz, Sebastian, Dipl. Biol. 
Jia, Yunlu, M. Sc. 
Kämpfer, Christoph, Dipl. Gyml. 
Könemann, Sarah, M.Sc. 
Kuckelkorn, Jochen, Dipl. Biol. 
Lehmann, Gunnar, M. Sc. 
Meyer-Alert, Henriette, Dipl. Biol. 
Müller, Yvonne, M. Sc. 
Nuesser, Leonie, M. Sc. 
Schiwy, Andreas, Dipl. Biol 
Shao, Ying, M.Sc. 
Vaeßen, Susanne, Dipl. Gyml. 
Volz, Sina, M. Sc. 
Xiao, Hongxia, M.Sc. 
Zhou, Shangbo, M.Sc. 
 

Technicians: 
Hotz, Simone, TA 
Peil, Alexander, MaTA  

Secretaries: 
Bauer, Telse 
Goebele, Dennis 
Lubczyk, Leonie
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Cooperations in Research and Teaching 

                      

  
 

Industry Research Regulation 

Bayer Crop Science gaiac EFSA 

Bayer Material Science ERASMUS (Brno, Örebro, Stockholm, 
Amsterdam, Sassari) 

Umweltbundesamt (UBA) 

Syngenta University of Saskatchewan (Canada) BVL 

BASF National Research Centre for 
Environmental Toxicology (EnTox, 
Australia) 

MUNLV 

Fintelmann & Meyer FHNW/Basel LANUV 

ECT EAWAG/Zürich BfG 

Stadtwerke Karlsruhe University of Marburg vTI 

Dupont ZALF Müncheberg BfN 

IBACON University of Freiburg LUBW 

Knöll Consult UFZ Leipzig RKI 

 FZ Jülich  

 FZ Karlsruhe  

 University of Heidelberg  

 IME, NERI  

 Montenegro (Eco Education Center)  

 SMNK Karlsruhe  

 University of Curitiba  

 TZW  

 IUTA  

 FIW  

 ISA  

*Bold = Teaching cooperations 
 

Expert panels 

 EFSA Panels (PPP Plant Protection Products) 

 OECD Expert panels and Guideline comments (Statistics, Ecotoxicology) 

 DIN Workgroups (Biotests, Genotoxicity) 

 VDI Richtlinien zum GMO Monitoring 

 SETAC GLB 

 SETAC Advisory groups  
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Contact 
Institute for Environmental Research 

 

Chair of Environmental Biology and Chemodynamics (UBC – Prof. Dr. A. Schäffer) 
Department of Ecosystem Analysis (ESA – Prof. Dr. H. Hollert) 

 

Worringerweg 1 
52074 Aachen 

Germany 

 

Mail: bio5@bio5.rwth-aachen.de 
Phone: +49 241 80-26678 

Fax: +49 241 80-22182  

 

www.bio5.rwth-aachen.de 

 

 

http://www.bio5.rwth-aachen.de/
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News
06.12.2015 | Thomas-Benjamin Seiler is 
chair of the new SCIRIC SETAC Advisory 
Group 

Together with colleagues from all over Europe 
and the USA Thomas-Benjamin Seiler 
submitted an application for the establishment 
of a SETAC Europe Advisory Group for science 
and risk communication (SCIRIC). The 
application has been accepted after 
exceptionally short time, emphasizing the high 
relevance of the topic and the urgent necessity 
of such an advisory group. Currently, the group 
is under development. It is run by a six headed 
steering committee under the direction of 
Thomas-Benjamin Seiler and dedicated to put 
science and risk communication on a 
competent basis within SETAC and beyond. 
Furthermore, it aims to train environmental 
scientists specifically in this discipline. In future, 
SCIRIC is supposed to become one of the most 
important resources for advice in science and 
risk communication of the SETAC community. 

25.11.2015 | Kilian Smith now at BioV 

In July 2015, Kilian Smith joined the research 
team of the Institute of Environmental Research 
and will next year take over as Group Leader of 
the Environmental Chemistry section. There he 
will continue the high quality work of Burkhard 
Schmidt looking into the formation and fate of 
non-extractable residues. He will set a further 
strong focus into developing passive sampling 
and dosing methods to investigate how organic 
contaminant bioavailability influences their 
biodegradation and toxicity. 

19.11.2015 | Aachen's Environmental 
Sciences among Germany's best 

"QS University Ranking by Subject 2015" 
identifies Aachen's Environmental Sciences as 
one of the top institutes in Germany. Directly 
after the TU München, researchers from the 
environmental science at RWTH Aachen 
University received among researchers and 
employers, but also with regards to their citation 
performance, the second highest rating among 
all German universities.  

16.11.2015 | New Elsevier Publications are 
now online for 50 days  

The paper entitled "Estrogenic activity in Finnish 
municipal wastewater effluents" which was 
recently published in "Water Research" by Pia 
Välitalo and co-authors is now free and 
available online for 50 days. Furthermore, we 
are happy to announce a new publication by 
Markus Brinkmann and co-authors, published in 
"Science of the Total Environment", entitled 

with: "Micro-computed tomography (μCT) as a 
novel method in ecotoxicology — determination 
of morphometric and somatic data in rainbow 
trout (Oncorhynchus mykiss)": another paper by 
Carolina di Paolo, published in “Aquatic 
Toxicology”, entitled: “Early life exposure to 
PCB126 results in delayed mortality and growth 
impairment in the zebrafish larvae” and finally 
the publication by Dr. Tilman Floehr and Co-
Authors, published in “Journal of Environmental 
Sciences” entitled: “Yangtze Three Gorges 
Reservoir, China: A holistic assessment of 
organic pollution, mutagenic effects of 
sediments and genotoxic impacts on fish”.  

01.11.2015 | Henner Hollert receives FAMOS-
Prize 

Henner Hollert, RWTH Aachen, was awarded 
with this year's "FAMOS for family" prize. 
Together with four other leaders from academia 
and administration, the award was presented at 
a ceremony on May 21, 2015 in Generali Hall of 
Super C by the chancellor of the RWTH, 
Manfred Nettekoven. The prize was submitted 
by the employees who had nominated Mr. 
Hollert. The selection committee was 
particularly impressed that Mr. Hollert was 
consecutively nominated for the fourth time by 
different people from his teaching and research. 
This shows that its family environment is a 
permanent situation and also not limited to 
senior executives. So five of the nine children 
were born in his teaching and research since 
2010 by PhD.  

15.10.2015 | Andreas Schäffer berät für die 
LEOPOLDINA  

Andreas Schäffer wurde in die 
Wissenschaftliche Kommission „Umwelt“ der 
Nationalen Akademie der Wissenschaften 
LEOPOLDINA aufgenommen. In den nächsten 
zwei Jahren wird er daran mitarbeiten, 
Umweltthemen für die Politikberatung zu 
initiieren, Diskussionen zu diesen Themen zu 
gestalten und zukünftige wichtige Themen zu 
beleuchten. Die Nationale Akademie der 
Wissenschaften Leopoldina erstellt 
wissenschaftsbasierte Stellungnahmen und 
Empfehlungen zu den drängendsten Themen 
und Fragestellungen unserer Zeit und berät so 
Politik und Gesellschaft.  

15.08.2015 | Elsevier erlaubt zeitlich 
begrenzten Zugang zu Veröffentlichungen 

Der Elsevier-Verlag gewährt ab jetzt 50 Tage 
lang ab Veröffentlichung freien Zugang zu jeder 
eigenen Publikation. Deshalb werden in Zukunft 
an dieser Stelle die Links zu frisch publizierten 
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Artikeln geteilt. Los geht es mit einem Paper von 
Tilman Floehr und Kollegen: "Chinese project 
Linking Ah receptor mediated effects of 
sediments and impacts on fish to key pollutants 
in the Yangtze Three Gorges Reservoir, China 
— A comprehensive perspective"  

01.04.2015 | BMBF-Projekt NanoMobil in 
vollem Gange 

Durch die zunehmende Nutzung von 
synthetischen Silbernanopartikeln in 
Konsumprodukten wird die Frage nach den 
damit verbundenen Konsequenzen für Umwelt 
und Menschen immer präsenter. Insbesondere 
das Eindringen der Partikel von der 
Erdoberfläche durch den Boden in das 
Grundwasser ist bezüglich der Boden-und 
Grundwasserqualität und damit der 
Lebensmittelproduktion und Trinkwasser-
versorgung von Bedeutung. Das im August 
2014 angelaufene Projekt NanoMobil adressiert 
diesbezüglich folgende Fragen: Wie gelangen 
Nanopartikel in den Boden und in das 
Grundwasser und welche Transport-
mechanismen sind dabei entscheidend? 
Welche potentiellen Auswirkungen haben 
synthetische Silbernanopartikel auf Pflanzen, 
Regenwürmer und kleine Boden- und Grund-
wasserorganismen? Die Ablagerung und 
Umwandlung von synthetischen Silber-
nanopartikeln, sowie deren Anreicherung und 
Verteilung in den Organismen soll experimentell 
in Labor- und Freilandversuchen bestimmt 
werden. Bei den Experimenten werden 
einheimische Böden und typische regionale 
Grundwässer verwendet, um die 
Forschungsergebnisse direkt auf die 
Auswirkungen im Freiland übertragen zu 
können. Da das Langzeitverhalten von 
synthetischen Silbernanopartikeln auf die 
Umwelt erforscht werden soll, ist es zwingend 
erforderlich, die Nanopartikel kontinuierlich über 
längere Zeiträume zu charakterisieren, wobei 
sich die Partikel und damit auch ihre 
chemischen und physikalischen Eigenschaften 
im Laufe der Zeit verändern können. Daher ist 
die Entwicklung technischer Innovationen für 
die Verbesserung analytischer Messverfahren 
ein entscheidender Bestandteil dieses 
Projektes. Um dann Rückschlüsse auf 
Umwelteinflüsse bewerten zu können, werden 
reale Bedingungen wie Trockenperioden, 
Starkregenereignisse sowie Effekte der 
Bodenbearbeitung durch den Menschen (z.B. 
Ackerbau) geschaffen, um Veränderungen der 
Nanopartikel und ihre Transportwege in den 
Boden zu untersuchen. Beteiligt sind bei 
diesem Projekt an der RWTH der Lehrstuhl für 
Ingenieurgeologie und Hydrogeologie 
(Koordination) und unser Institut für Umwelt-
forschung, das Forschungsinstitut für 

Ökosystemanalyse und -bewertung e.V. (gaiac, 
Aachen), das Institut für Bio- und 
Geowissenschaften am FZ Jülich sowie die 
Firma Postnova Analytics GmbH in Landsberg. 

01.03.2015 | Studenten drehen Film über 
YANGTZE-Projekt 

Im Rahmen des Filmkurses für Master-
studenten ist eine Dokumentation über 
MICROTOX, ein Teil des Yangtze-Projektes am 
Dreischluchtendamm in China, entstanden. 
Federführend waren Alina Paxmann und Julia 
Brendt, die unter der Betreuung von Hanno 
Zielke und Wolfgang Kübel dokumentarische 
Filmsequenzen aufarbeiteten und Interviews 
mit den involvierten Wissenschaftlern führten, 
um MICROTOX einer größeren Zuschauer-
schaft näher zu bringen. 

01.01.2015 | TEPHA - Projekt für nachhaltige 
Bio-Produkte geht an den Start 

Im durch den Exploratory Research Space der 
RWTH Aachen University im Rahmen der 
Exzellenzinitiative geförderten inter-
disziplinären Forschungsvorhaben „TEPHA – 
Technical Product Harvesting - Endkonturnahe 
Halbzeuge aus nachwachsenden Werkstoffen“ 
arbeiten Forscher aus dem Maschinenbau, der 
Architektur, der Botanik und der Ökologie an 
Möglichkeiten einer umweltgerechten und 
nachhaltigen Produktion.  
Ziel des gesamten Projektes ist es geeignete 
Biomasse für die Erzeugung technischer 
Produkte zu nutzen. Im Speziellen liegt der 
Fokus auf organischen Werkstoffen, die in 
ihrem natürlichen Wachstum beeinflusst und so 
definiert in benötigte Halbzeuge oder nutzbare 
Bauteile der Architektur oder für 
maschinenbauliche Anwendungen überführt 
werden. Das Lehr- und Forschungsgebiet 
Ökosystemanalyse am Institut für Umwelt-
forschung der RWTH Aachen University 
untersucht die ökologischen Implikationen der 
endkonturnahen Herstellung von Halbzeugen. 
Die ökologische Expertise soll zunächst in eine 
Datenbank eingehen, in welcher ebenfalls die 
maschinenbaulichen und architektonischen 
Anforderungen sowie die botanischen 
Eigenschaften von potentiellen Pflanzen vereint 
werden. Ziel dieser Datenbank ist die 
Ermöglichung einer begründeten, dem Zweck 
entsprechenden und reproduzierbaren 
Pflanzenauswahl. Das Hauptziel des 
umweltwissenschaftlichen Teilprojekts ist die 
Bilanzierung der Gesamtumweltauswirkungen 
von durch endkonturnahes Wachstum 
entstandenen Produkten. Ein umfangreiches 
Konzept für das Umweltmanagement soll 
entwickelt werden. In einem Life Cycle 
Assessment sollen alle Lebensphasen des 
Produktes hinsichtlich potentieller 
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Umweltauswirkungen beleuchtet werden und 
somit eine begründete Aussage über die 
Tragfähigkeit des endkonturnahen Wachstums 
von Pflanzen - auch im Vergleich zum 
konventionellen Herstellungsprozess 
entsprechender Bauteile - aus ökologischer 
Perspektive ermöglicht werden. Das 
Forschungsvorhaben wird von Henner Hollert 
und Thomas-Benjamin Seiler geleitet, die 
Bearbeitung erfolgt durch Christoph Kämpfer. 

01.01.2015 | EU-Projekt SOLUTIONS 
angelaufen 

The Department of Ecosystem Analysis of 
Henner Hollert contributes to the European 
Commission funded project “SOLUTIONS” in 
the segment of monitoring of existing 
environmental pollutants. An integrative 
approach of chemical analysis, in-vitro 

bioassays and in-situ biomarker response in 
fish is used to extend and validate the 
knowledge about the complex impacts of 
harmful substances along different levels of 
biological organization. 

The autumn of last year was the official kick-off 
for the joint project which aims to set standards 
in the understanding of adverse outcomes as a 
result of environmental pollutants. But the 
international scientific consortium (consisting of 
39 participants) will not only cover fundamental 
research in the field of environmental science. 
The self-imposed aim is the provision of tools 
for authorities for adequate and enhanced 
future measures for the protection of European 
waters, its communities and humans.



 
 

Teaching
Bachelor of Sciences in Biology 

Compulsory Modules: 

 Quantitative Biology and Computer 
Applications 

 Ecology 

Specialization Module 

 Environmental Sciences 

Additional Qualifications 

Project oriented methodological practical 
courses 

Bachelor’s Thesis & Colloquium 

 

Master of Sciences in Biology 

Modules: 

 Ecology of Terrestrial Systems 

 Ecology of Limnic Systems 

 Ecological Field Courses 

 Environmental Analysis of Pollutants 

 Environmental Chemistry of Pollutants 

 Concepts of Ecotoxicology 

 Methods of Ecotoxicology  

 Soil Ecology 1 and 2 

Additional Qualifications 

Master’s Thesis & Colloquium

Master of Sciences in Ecotoxicology 

Compulsory Modules: 

 Ecology of Limnic and Terrestrial 
Systems 

 Environmental Analysis and Chemistry 
of Pollutants 

 Concepts of Ecotoxicology 

 Methods of Ecotoxicology  

 Regulatory Ecotoxicology 

 Statistical and Mechanistic Modeling in 
Ecotoxicology or 
Modeling of Fate and Behaviour of 
Chemicals in Organisms and the 
Environment or 
Statistics in Ecotoxicology 

Elective Modules: 

 Ecology of Terrestrial Systems 

 Ecology of Limnic Systems 

 Environmental Analysis of Pollutants 

 Environmental Chemistry of Pollutants 

 Statistical and Mechanistic Modeling in 
Ecotoxicology  

 Modeling of Fate and Behaviour of 
Chemicals in Organisms and the 
Environment 

 Statistics in Ecotoxicology 

 Soil Ecology 1 or 2 

 Toxicology 

 Sanitary Environmental Engineering 
and water Engineering 

 Applied Geography 

 Microorganisms1 or 2 

 Phytopathology 

 Climatology and Hydrology 

Master’s Thesis & Colloquium 
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Research projects 
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Ecotoxicity investigations of cosmetic ingredients (ECOSM)  
(2010 - 2015)

Description of the Project 

Cosmetics include a broad range of highly 
hydrophobic compounds that are poorly soluble 
in water, i.e. far below 1 mg/L. Due to the high 
cosmetics production and the typical ‘rinse off’ 
application, substantial amounts of these poorly 
soluble chemicals end 
up in waste-water 
treatment plants and 
may subsequently enter 
aquatic systems with the 
effluent. Additionally, 
the highly hydrophobic 
properties of the 
substances result in 
extensive adsorption to 
surfaces like test 
vessels and organisms. 
Thus, difficulties in 
maintaining constant 
test concentrations 
occur in standard 
ecotoxicity tests and 
may lead to improper 
environmental risk 
assessments. One possibility in addressing this 
problem is the ‘poorly solubles approach’ 
defining an ‘ecotoxicological threshold 
concentration of no concern’ (ETNCaqua) for 
inert substances with a narcotic mode of action. 
Substances with solubility below this threshold 
concentration (1.9 μg/L) are expected to have 
neither acute nor long-term adverse effects on 
aquatic organisms. The aim of the project is to 
develop pragmatic tools to test the ETNCaqua 
hypothesis in order to allow better 
environmental risk assessment of poorly 
soluble substances. The surfactant precursor 
Dodecylbenzene (DDB) has been selected as a 
suitable model compound reflecting substance 
properties of the poorly soluble approach. DDB 
has a calculated log Kow of 8.65 and is liquid 
under standard conditions. A promising tool 
which allows a controlled release of poorly 
soluble substances to the test medium was 
found in the method of passive dosing. Here, 
the test substance continuously diffuses from 
an inert reservoir (i.e. silicone) to the test 
medium up to equilibrium concentration (e.g. 
the solubility limit), compensating losses by 
sorption and degradation. 

Activities in 2015 

Gas chromatography/mass spectrometry 
(GC/MS) methods have been successfully 
developed allowing the detection of DDB 
concentrations below its solubility threshold.  

 

The maximum solubility in distilled water, Elendt 
M4 Daphnia medium, and algae medium was 
successfully determined. Different variations of 
passive dosing have been adapted to DDB, 
resulting in sufficiently stable concentrations 

near and below the 
ETNCaqua. It was also 
shown, that passive 
dosing can be applied 
for liquids like DDB 
(previously shown 
mainly for solid 
substances). Acute and 
chronic ecotoxicological 
tests adapted to passive 
dosing with organisms 
of different trophic 
levels as proposed by 
OECD guidelines 
(bacteria, algae, 
daphnids, and fish-
eggs) have been 
performed to verify the 
‘poorly solubles 

approach’ according to the ETNCaqua 
hypothesis.  

Outlook 

The project was finalized in August 2015. 
Different peer-reviewed publications are 
currently under progress and will be submitted 
in the beginning of 2016. 

Realization 

Dipl. Biol. Felix Stibany (PhD thesis) 
Prof. Henner Hollert 
Prof. Andreas Schäffer 

Funding 

German Federal Environmental Foundation 
(Deutsche Bundesstiftung Umwelt; DBU) in 
cooperation with the German Cosmetic Toiletry, 
Perfumery and Detergent Association (IKW - 
Industrieverband Körperpflege- und 
Waschmittel e.V.), ECT Oekotoxikologie 
GmbH, and the German Federal Environment 
Agency (Umweltbundesamt; UBA). 

Cooperation Partners 

DBU, Germany 
IKW e.V., Germany 
ECT Oekotoxikologie GmbH, Germany 
UBA, Germany
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Changes of functional diversity and fungal community 
pattern during different forest conversion stages in the 

Eifel National Park, Germany 
(2010 - 2016)

Description of the Project 

The natural vegetation of the Eifel National Park 
(Germany) is predominantly wood-rush-beech 
forest, in which Fagus sylvatica is a dominant 
tree. Most of the park is covered by planted 
even-aged Norway spruce 
(Picea abies) due to 
previous economical use. 
For elimination of non-
native spruce and for 
establishment of beech 
forest, the park is classified 
in process zones, 
differentiated by applied 
short- and long-term 
restructuring 
management. The current 
forest conversion is 
supported by the fact that 
spruce plantations are vulnerable to abiotic and 
biotic damages (wind throw or bark beetle 
attacks). These natural and anthropogenic 
disturbances influence the entire forest 
ecosystem due to crucial effects on soil and 
litter structure, associated soil processes and 
soil organisms. It is known, that a healthy forest 
ecosystem is able to restore itself after 
disturbance if an adequate potential supply of 
fungal species is present and is able to perform 
the same essential functions, such as those of 
decomposition and mycorrhizal symbiosis. The 
study aim was to investigate the functional 
diversity and community structure of fungi within 
three different forest conversion stages (wind 
throw with and without deadwood, single tree 
selection with subsequently young beech tree 
planting) and two reference forests (120y beech 
forest, 80y conventional spruce stand). In these 
5 different study sites (represented in 3 
replicates), fruiting bodies were sampled during 
field surveys. Additionally, soil cores were 
collected and investigated by fungal DNA 
metabarcodes detected with the Illumina high-
throughput sequencing technology. This allows 
the estimation of the management influence on 
the above- and belowground fungal community. 

Activities in 2015 

Gathering morphological data from field surveys 
and determination of fungal species in the 
laboratory have been concluded within 2015. In 
total, 324 fungal species belonging to 
Basidiomycota and Ascomycota have been 
identified and clustered into functional groups.  

 

The statistical results were presented as oral 
presentation at the annual meeting of the Eifel 
National Park, in Höfen (Germany) on January 
15th, 2015 and at the 45th annual meeting of the 

Ecological Society of 
Germany, Austria and 
Switzerland on August 
31st, 2015. In November 
2015, the molecular data 
from all study sites were 
sequenced with the help  
of USADELLAB and 
especially Alexander 
Vogel. Pre-analysis of 
initial molecular data from 
2014 was carried out with 
the goal of creating a 
workflow for automatic 

data extraction and evaluation of the molecular 
data from 2015.  

Outlook 

In a first journal paper, the morphological data 
of the project will be published. All results of the 
molecular data will be evaluated using multi-
variate statistics and summarized in a second 
paper. The overall goal will be to combine the 
morphological and molecular data. 

Realization 

Dipl. Gyml. Jonas Hausen (PhD thesis) 
Dipl. Biol. Peggy Heine (PhD thesis) 
Dr. Richard Ottermanns & Dr. Jürgen Prell 
Prof. Andreas Schäffer 
Dr. Martina Roß-Nickoll 

Cooperation Partners 

Dr. Jürgen Prell (Institute of Botany and 
Molecular Genetics at RWTH; 
Eifel National Park, Germany 
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SilValuta - Quantifying the effects of sustainable forest 
management: a case study in the Eifel region 

(2010 - 2016)

Description of the Project 

In this project, we evaluate the ecological 
consequences of different types of forest 
management applied in the Eifel region 
(Western Germany) in terms of ecosystem 
integrity. We investigate beech forests without 
any management, with near natural single-tree 
selection and with shelterwood cutting system 
as well as spruce and Douglas-fir forests. 

Part of the project is focused on management 
related differences in acute and long-term tree 
stress level and resulting consequences for 
stand productivity and stability. Therefore, tree 
vitality parameters are 
monitored at individual 
and stand level. In 
addition, the impact of the 
management type on 
structural and functional 
composition of the forest 
community is studied. 
Predators (ground 
beetles and spiders), 
herbivores (weevils), 
sapro-xylophages 
(weevils) and higher 
plants at microhabitat and 
stand scale are used as 
bioindicators of different 
trophic levels. Finally, we 
study management related differences in forest 
structure and dynamics at stand scale. The goal 
is to achieve in-depth knowledge about drivers 
and alterations of forest ecosystem integrity and 
to give recommendations for sustainable 
silviculture. 

Activities in 2015 

In this year, field work as well as modeling had 
been the focus of our project work. 

Chlorophyll fluorescence was measured during 
day and night. It is a direct tree vitality 
parameter that correlates with photosynthesis. 
Canopy pictures were taken to calculate leaf 
area index (LAI), and crown defoliation was 
recorded. The indirect vitality parameters, such 
as crown diameter, soil compaction, photo-
synthetically active radiation (PAR) at the forest 
floor, as well as rain throughfall, air temperature 
and humidity were measured. 

For the forest community analysis, a part of the 
species that were collected during the 
vegetation period of 2014 were sorted and 
identified at species level. Litter samples were  

 

taken to extract sapro-xylophages. Habitat 
relevant tree structures were assessed. In 
addition, a vegetation survey was carried out. 

For the analysis of forest dynamics, SILVA was 
used to predict future tree growth dynamics. A 
regeneration model which produces seeds 
depending on position and crown width of 
individual tree was developed. Seeds that 
survived competition were regarded as naturally 
regenerated seedlings. Afterwards, growth and 
mortality of existing trees and regenerated 
seedlings were calculated by SILVA. The 

simulation processes of 
combined regeneration 
and SILVA model have 
been modified to reflect a 
realistic management.  

Outlook 

The next steps in our 
project work will be data 
processing and statistical 
analysis. In addition, 
more indirect vitality and 
structural parameters will 
be measured. Forest 
dynamics will be mapped. 
For community analysis 
the species identification 

will be continued and herbivores survey will be 
carried out. The modeling approach will be 
completed. 

Realization 
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YANGTZE-MICROTOX - Simulation-based impact 
assessment of micropollutants on bioaccumulation 

processes in freshwater ecosystems at the Three Gorges 
Reservoir in China 

(2011 - 2014)

Description of the Project 

The impounding of the Three Gorges Reservoir 
(TGR) at the Yangtze River caused large 
flooding of urban, industrial, and agricultural 
areas, and resulted in profound land use 
changes. Consequently, substantial amounts of 
organic and inorganic pollutants were released 
into the TGR. Additionally, contaminants and 
nutrients are entering the reservoir by drift, 
drainage, and runoff from adjacent agricultural 
areas as well as from sewage of industry, aqua-
cultures, and households. The main aim of the 
simulations of the 
aquatic system 
within the 
MICROTOX 
research project is 
to gain deeper 
understanding of 
the processes that 
determine the 
bioaccumulation 
and 
biomagnification of 
organic pollutants, i.e., mainly pesticides, in 
aquatic food webs under the newly developing 
conditions of the TGR. The project is part of the 
Yangtze-Hydro environmental program, 
financed by the German Ministry of Education 
and Science. In order to test combinations of 
environmental factors like nutrients and 
pollution, we used an integrated modeling 
approach to study the potential accumulation 
and biomagnification. The integrative modeling 
and the consecutive adaption was done by 
means of the AQUATOX model suite, used as 
a modeling framework for ecological risk 
assessment. As a starting point, pre-calibrated 
simulations were adapted to Yangtze-specific 
conditions (regionalization). Foodwebs for 
flowing and stagnating waters were developed 
by a thorough review of the pertinent literature 
and other site-specific parameters were 
estimated. Physicochemical and bathymetric 
parameters, as well as hydrodynamic models 
for water volume and flow velocity conditions 
were delivered by project partners. We showed 
the general ability of our model to generate 
plausible patterns of the aquatic communities 
as well as their response to environmental 
stressors, such as excessive nutrient loads or 
toxic substances.  

 

We demonstrated a potential for 
bioaccumulation of metabolites of a popular 
herbicide in the TGR-region. 

Activities in 2015 

The final phase of the project was marked by 
extensively running resource-consuming 
simulations on our modeling data processors. 
We analysed the data and included the most 
important results and conclusions in the final 
report that was delivered to the client at due 

date. Currently, we 
prepare 

manuscripts for 
publication in peer-
reviewed journals 
that demonstrates 
clearly our way to 
calibrate the 
AQUATOX model 
and that 
impressively shows 

the potential of simulation-based risk 
assessment for large-scale situations where the 
landscape comes into the play.  

Realization 
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YANGTZE-MICROTOX: A 
glimpse in the black box – 
Ecotoxicological impacts 

on the Yangtze Three 
Gorges Reservoir, China  

(2011 – 2015) 

Description of the Project 

The construction of the Three Gorges Dam 
resulted beside its benefits also in detriments, 
like the inundation of cities and industrial sites, 
increasing urbanization, rising ship traffic and 
progressive industrialization, which trigger new 
pollution scenarios that have the potential to 
threaten the recently established Three Gorges 
Reservoir (TGR) ecosystem. 

Consequently, it is expected that substantial 
amounts of organic and inorganic pollutants are 
released into the reservoir from the inundated 
sites, runoff from 
adjacent agricultural 
areas as well as from 
sewage of industry, 
aquacultures and 
households. In 
addition, the dam 
reduced the flow 
velocity of the river for 
about one magnitude, 
changing this section 
from river-like to lake-
like. This has a serious 
influence on the dilution 
of the pollutants that 
enter the water body 
and also an impact on the sedimention rate of 
supended particles. Sediment functions as a 
sink for a large variety of organic contaminants 
from which they can again be remobilized. 
Periodical changes in water level cause flooding 
events and thereby a relocation of 
contaminated water, particulate matter and 
sediment onto agriculturally used areas along 
the reservoirs shore. These anthropogenic 
impacts might have serious consequences for 
the TGR’s biota and the people of the area that 
depend on this young and unique ecosystem. 

Organic pollutants, particularly mutagens and 
genotoxicants as well as aryl hydrocarbon 
receptor (AhR) agonists – like polycyclic 
aromatic hydrocarbons (PAHs) and other 
dioxin-like compounds –, have been widely 
detected in the Yangtze River, but only little 
research was yet done on the TGR area after 
impoundment, and AhR-mediated activities in 
particular. Although a large number of studies 
have been performed along the Yangtze River, 

the TGR section remains a black box little 
iluminated only by a couple of studies mainly 
focusing on the chemical analysis of pollutants 
in the compartments water and sediment. Thus, 
it is reasonable to ask (a) what is the current 
pollution status of this newly created 
ecosystem, which is a source of food and water 
for millions of people, (b) is the local fauna, e.g, 
fish species, affected and (c) which would be 
the responsible priority pollutants. 

In order to (i) record organic contamination, (ii) 
determine relevant ecotoxicological endpoints 
and (iii) find possible links between the 
contamination and ecotoxicological impacts 
determined in vitro/in vivo as well as to (iii) 
ecologically relevant in situ effects on fish from 
the field, several sites in the TGR area were 
screened applying the triad approach with 
additional lines of evidence. This method 
combines chemical analysis, in vitro, in vivo and 
in situ investigations to a holistic assessment. 

The applied monitoring strategy can serve as an 
example to comprehensively observe the water 

body’s quality, and the 
obtained results can serve 
as a reference for ensuing 
monitoring. This should 
further support decision-
making processes in order 
to initiate and enforce 

necessary 
countermeasures in time, to 
prevent environmental 
degradation in the long-term 
and sustain the unique 
Yangtze River ecosystem 
for the Chinese people 
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EDA-EMERGE: Novel tools in effect-directed analysis  
of emerging toxicants in surface waters 

(2011 - 2015)

Description of the Project 

While priority pollutants are routinely monitored 
in European river basins, there is increasing 
awareness that non-priority emerging 
contaminants pose risks to humans and aquatic 
ecosystems. Integrated and interdisciplinary 
approaches such as Effect-Directed Analysis 
(EDA), that integrate bio-diagnosis, effect 
based monitoring, fractionation and chemical 
analysis, are required to identify the main 
emerging pollutants that drive toxicity in 
environmental samples. EDA-EMERGE was a 
Marie Curie Initial Training Network (ITN) 
conducted between 
2011 and 2015 and 
funded within the 7th 
framework program. 
It consisted of ten full 
partners and four 
associate partners 
from eight European 
countries. As an ITN, 
it trained the 
participant fellows on 
different theoretical 
and practical 
interdisciplinary 
approaches needed 
to act in the monitoring, assessment and 
management of aquatic pollution in surface 
waters. Further, innovative biodiagnostic and 
analytical tools were developed by individual 
research projects of 13 Early Stage 
Researchers (ESR, PhD students) and one 
postdoc. There was also the development of a 
package of simplified protocols followed by their 
application in a European demonstration 
programme (EDP). Further information can be 
found at: http://eda-emerge.eu. 

Activities in 2015 

RWTH Aachen University hosted the ESR 
Carolina Di Paolo, who developed the project 
“Development of mechanism-specific toxicity 
assays with early life stages of Danio rerio and 
permanent cell lines”. During her PhD, she co-
supervised five MSc and one BSc thesis 
students, and one German Federal 
Environmental Foundation (Deutsche 
Bundesstiftung Umwelt; DBU) Stipendiat. 
Methods developed or improved upon were the: 
establishment and miniaturization of (anti)AR-
Luc assay for the evaluation of (anti)androgenic 
activity; establishment of the p53-Luc assay and  

 

 

development of micronucleus tests with ZFL 
zebrafish liver cell line and with zebrafish early 
larvae for the genotoxicity evaluation; setup of a 
behavioural test system and establishment of 
behavioural assays with zebrafish larvae for the 
evaluation of neuroactivity and neurotoxicity. 
The methods were applied for the testing of 
model compounds, as single chemicals or as 
mixtures (standard and miniaturized antiAR-
CALUX, p53-CALUX, micronucleus assay, 
behavioural assay); and to evaluate extracts of 
surface water samples, followed by the 

development of an 
EDA case study 
(standard and 
miniaturized antiAR-
CALUX). In addition, 
there was 
performance of the 
Ames fluctuation 
assay and the Fish 
Embryo Toxicity 
assay in the EDP. 
RWTH Aachen also 
hosted three training 
courses: statistical 
analysis by using R; 

film course providing training in how to present 
research to the media; and theory and practice 
of gene arrays.  

Outlook 

EDA-EMERGE was concluded in September 
2015 after the PhD student conference 
“Emerging pollutants and multiple stressors in 
aquatic ecosystems” in July. Publications on the 
individual and common research packages are 
published or in preparation. 
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Fate of the herbicide propanil in plants  
of the Three Gorges Reservoir (TGR) 

(2011 - 2015)

Description of the Project  

The anti-seasonal hydrology of the Three 
Gorges Reservoir (TGR) creates a unique 
ecosystem, in which the biogeochemical 
patterns are strongly influenced by long-term 
water fluctuation with 30 m in height, i.e. water 
quality, biodiversity and sedimentation, etc. The 
project is integrated into the joint research 
framework (YANGTZE-PROJECT) financed by 
BMBF. The aim of this 
study is to investigate the 
accumulation and 
decomposition of the 
herbicide propanil in the 
plants dominating in the 
littoral zone of the TGR. 
14C-labelled propanil 
was applied into 
hydroponic plant 
systems (Bidens pilosa, 
Nelumbo nucifera, 
Cynodon dactylon, Lemna minor and L. gibba) 
and corresponding cell suspension culture 
systems (C. dactylon and L. minor). 
Additionally, in order to monitor the release of 
plant matrix components and absorbed 
pesticide residues into the TGR water, plants B. 
pilosa pre-incubated with 14C-propanil were (1) 
directly incubated into TGR water for 90 days or 
(2) first extracted with organic solvent and then 
incubated into TGR water for 90 days. 
Therefore, in the latter, , plants contain only so-
called non-extractable propanil residues.  

The results showed that in hydroponic plant 
systems most of the applied radioactivity were 
up-taken by the tested plants, among which 
non-extractable residues (NER) fractions with 
low (no) bioavailability are the major portions. 
Meanwhile, in both hydroponic culture and cell 
culture systems, 3,4-dichloroaniline (DCA) and 
N-(3,4-dichlorophenyl)-β-D-glucopyranosyl-
amine (Glu-DCA) were identified as the main 
metabolites by radio-TLC, radio-HPLC and GC-
EIMS. Thus, the dominant plants are suitable 
species for detoxification of the herbicide 
propanil. 

Regarding plant decomposition in the TGR 
water, noticeable portions of pre-accmulated 
radioactivity are released into the water phase 
after 90 days of incubation. The radioactivity 
released from the plant NER, however, were 
quite low, and the released 14C-compounds 
were confirmed as the same as the extractable 
fractions. 

Activities in 2015 

The laboratory work was finished in February 
2015. Part of the results were presented at the 
15th EuCheMS International Conference on 
Chemistry and the Environment (ICCE), 20 - 24 
September 2015, Leipzig, Germany. Two 
papers on the results have been accepted. The 
PhD work and the corresponding dissertation 
has been successfully defenced on 24th 

November 2015. 

Realization 
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Tox-Box - Hazard-based risk management of 
anthropogenic trace substances for the  
protection of the drinking water supply 

(2012 - 2015)

Description of the Project 

The joint research project Tox-Box – Hazard-
Based Risk Management of Anthropogenic 
Trace Substances for the protection of the 
Drinking Water Supply – aims at a harmonized 
testing strategy for an exposure-based and 
hazard-based risk management of 
anthropogenic trace substances in drinking 
water based on the health-related indication 
value concept (HRIV concept). 

Within Tox-Box the Department of Ecosystem 
Analysis works in the 
module ”Endocrine 
Effects” and analyses 
native and 
concentrated samples, 
single substances as 
well as sample fractions 
from effect-directed analysis (EDA). ER/AR-
Calux® assays, H295R assays and 
reproduction assays with the mudsnail P. 
antipodarum are used to screen single 
substances as well as water extracts for 
endocrine effects. Furthermore, test protocols 
are optimized and evaluated with regard to 
drinking water samples. The data are then used 
to identify substance-specific mechanisms of 
action of single substances. Finally, the 
samples from EDA are analysed to identify 
unknown trace substances. 

Activities in 2015 

In 2015 the project ended officially. During the 
three years of project work, we identified and 
tested together with our module partner Incos 
Boté a battery of bioassays suitable to show the 
effect of endocrine disrupting substances (EDC) 
with a relevance to drinking water. Initial 
screening using the ER-Calux® and in parallel 
the R-YES test indicates EDC in the water 
samples. The combination of both systems 
ensures broad detection of active substances, 
while either one would overlook effective 
compounds. In addition, experiments after 
metabolic activation using an S9 rat liver 
homogenate can detect effective metabolites of 
several substances, some of which are not 
active as the parent compounds. For long-term 
investigations the reproduction test using the 
mudsnail P. antipodarum proved suitable.  

However, since the test is time and labour-
intensive it should be only conducted with 
contaminants that are suspected to have  

 

delayed or chronic effects. Such estimates can 
be supported by application of modeling 
substance properties and behaviour, e.g., 
regarding the question of uptake, accumulation, 
and metabolisation. The H295R assay can be 
carried out to elucidate non-receptor-mediated 
modes of action, which are not covered by the 
screening. All results were presented alongside 
the outcomes from the other modules at an 
international symposium on “Effect-related 

evaluation of 
anthropogenic trace 
substances - concepts 
for genotoxicity, 
neurotoxicity and 
endocrine effects” held 
in October 2015 at 

RWTH Aachen University. 

Outlook 

The findings are used to extend the HRIV 
concept to endocrine disruption and 
incorporated into a guideline for all stakeholders 
involved in drinking water supply and 
management. 

Realization 
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Cluster of Excellence “Tailor-made fuel from biomass” 
(TMFB) – Ecotoxicological investigations of biofuels as a 

basis for computational model-based prediction of 
ecotoxicological potencies 

(2012 - 2016)

Description of the Project 

The Cluster of Excellence “Tailor-made fuels 
from biomass” (TMFB) aims at the development 
of a sustainable and economical design process 
for biomass-derived fuels. Within this project, 
ecotoxicological methods and in silico 
prediction tools are applied for an early 
investigation of the ecotoxicological potencies 
of cluster-relevant substances. Research is 
focusing on promising biofuel-candidates 
identified by the TMFB, 
such as 2-
Methyltetrahydrofuran, 2-
Methylfuran, 2-Butanone 
and 1-Octanol. 
Bioassays are modified 
and optimized with 
regard to the special 
physicochemical 
properties of these fuel 
molecules and applied 
for screening of 
promising fuel 
candidates. As part of this project, 
environmental compartments and endpoints 
relevant for a toxicity screening of fuels have to 
be identified and bioassays have to be modified. 
Moreover, a testing system for an established 
fossil diesel fuel has to be developed and 
established as a reference for the hazard 
potential of biofuels.  

Activities in 2015 

Aquatic systems are considered very vulnerable 
regarding the contamination with fuels. Thus, 
the aquatic hazard potency for the biofuel 
candidates was investigated by means of the 
growth inhibition assay with D. subspicatus, the 
acute immobilization assay with D. magna, and 
the fish embryo toxicity test with D. rerio. For the 
testing of the diesel reference fuel, a passive 
dosing system using silicone tubes combined 
with GC-FID analyses was successfully 
developed and established for the acute 
immobilization assay. The screening results 
revealed a higher toxic potential of diesel fuel 
compared to the investigated biofuel 
candidates. However, two biofuel candidates, 1-
octanol and 2-methylfuran, were also found to 
be very toxic for daphnids. Testing of acute and 
chronic toxicity for D. magna of 2-methylfuran 
was finished and the obtained data was used for  

 

parametrization of effect-based models. These 
parameters were used for calibration of an 
individual-based population model and 
modeling effects of 2-methylfuran on D. magna 
populations. 42-day population assays were 
conducted for successful validation of the 
modeling results.  

Beside the investigation of the aquatic hazard 
potencies of biofuels, genotoxicity was 

identified as a further 
important endpoint. The 
in vitro Micronucleus 
assay with V-79 cells 
(Cricetulus griseus) was 
applied. Furan-based 
biofuel candidates, such 
as 2-methylfuran, were 
found to be extremely 
genotoxic, whereas 2-

methyltetrahydrofuran 
showed only a weak 
genotoxic potential.  

Outlook 

Further research will focus primarily on the 
investigation of further biofuel candidates in the 
micronucleus and algae assays. Moreover, 
further test systems for the reference diesel fuel 
have to be established.  
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Development of biotest systems to investigate the effects 
of chemicals on the standard test organism  

Folsomia candida (Collembola) 
(2012 - 2016)

Description of the Project 

Chemical analyses of the environment can 
document contamination by various xenobiotics 
but it is also important to understand the effect 
of pollutants on living organisms. F. candida, 
colloquially called springtails, are arthropods 
found in soil throughout the world and have 
been used as standard test organisms for 
decades. Because of their ease of culture in 
laboratory and short generation times, F. 
candida are used as a representative species to 
study and highlight the effects of chemicals on 
organisms, leading to the publication of 
recommended guidelines for reproductive tests 
by the  Organisation for Economic Co-operation 
and Development. In addition, a metal exposure 
test, as well as an acute test using F. candida 
have been suggested. However, further 
ecotoxicological endpoints 
such as molecular or cellular 
changes under stress 
conditions may also be of 
interest and may demonstrate 
a higher sensitivity and 
response in the initial stages of 
stress impact. Thus, in the 
present work we investigated 
the effect of chemicals on 
several biomarkers in F. 
candida, including expression of genes, which 
are induced by oxidative stress, glutathione S-
transferases (GST) level (with emphasis on the 
Sigma class), total glutathione (GSH) and 
reactive oxygen species (ROS) formation upon 
chemical exposure. 

Activities in 2015 

An effect of silver nano particles (AgNPs) on 
test animals was studied in comparison with 
silver nitrate (AgNO3). F. candida was exposed 
to AgNPs and AgNO3 for 48 hours. At the end 
of the test, animals were collected and used for 
RNA extraction, GST extraction, GSH pool 
determination and ROS formation test. The 
expression of detoxifying proteins (GST) and 
metallothionein-like containing proteins (MTC) 
were analysed and found to be induced by an 
exposure of AgNPs and AgNO3 in a dose-
dependent manner. The specific activity of GST 
from animals treated with AgNPs and AgNO3 
were measured and found to be higher than in 
control organisms. The pool of GSH was 
determined and the results showed that the 
amount of total GSH decreased as the  

 

concentration of AgNPs and AgNO3 increased. 
To determine if AgNPs and AgNO3 caused 
oxidative stress in Collembola, chemical-
exposed animals were treated with 2‘, 7‘-
dichlorofluorescin acetate (DCFH-DA) for 30 
minutes. The oxidative product was shown by 
excitation/emission spectra.  

In addition to the study with Collembola, toxicity 
and ROS test were also conducted in eukaryotic 
cells (S. cerevisiae) exposed to AgNPs and 
AgNO3, because it shares complex internal cell 
structures of animals including program cell 
death, which can be triggered after application 
of substances. Since oxygen radicals are 
believed to be a key element of apoptotic 
execution in yeast, the results should (thus) 

possibly be able to draw the 
link of molecular toxicity of 
AgNPs to other eukaryotes like 
Collembola or even higher 
levels, such as mammals.  

Outlook 

The change of GST activity 
and GSH level in F. candida 
may serve as possible 
endpoints in ecotoxicological 
risk assessments. In addition, 

expression of GST and MTC might be a 
sensitive biomarker to study effects of 
chemicals on Collembola. Furthermore, yeast 
would be used as a test model to understand 
toxic mechanism in higher eukaryotes. 
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RISKMIN - Pesticide risk mitigation at landscape level: 
A spatial approach to maintain  
and develop agrobiodiversity 

(2012 - 2016)

Description of the Project 

RISKMIN is an interdisciplinary cooperation 
between geographers, ecologists, 
ecotoxicologists and 
risk managers. A 
modular approach 
offers the opportunity 
to handover data 
between the work 
packages. Firstly, the 
module GEODAT 
defines 50 types of 
ecologically relevant 
landscape elements 
(LE-types). To each of 
the landscape 
elements an 
ecological value, 
derived from impact 
regulation between 0 and 100 is assigned which 
reflects the relative natural value of the 
respective element in the agricultural 
landscape. Advanced remote sensing 
techniques using geographic information 
systems (GIS) help to identify the concrete 
shapes of landscape elements in the German 
model regions and collect (geo-) data that is 
necessary to allocate LE-types to the shapes. 
An integrated landscape ecological value is 
calculated as the sum of all values of the single 
LE by the module STATUS QUO, which is then 
corrected for intensive agricultural use for LE 
nearby the in-crop areas. The module 
PROJECTION defines the most promising 
Remote Monitoring and Management (RMM) 
and implements rules for mechanisms of 
amelioration at landscape level. The effects of 
different RMM are simulated and most effective 
RMM are identified by the module RECOMM. 

Activities in 2015 

In 2014, the collection of input data for the 
landscape models has been finalized, the 
automated recognition of LE-types has been 
implemented and field data has been analysed. 
The activities of the year 2015 focused on the 
simulation of scenarios using different RMM: 
extensification, leaving land fallow, compliance 
with distance measures. From the results, we 
deduced the most promising risk mitigation 
measures and proposed an approach of 
complementing fallow land, amelioration of 
hedgerow and field margin structures with 
extensive use of pesticides and fertilizers. 

Outlook 

It has been shown that landscape quality would 
most benefit large-scaled extensification. The 

currently applied 
measures have 
minor impact on an 
enhancement of the 

terrestrial 
biodiversity. In the 
future, we will mainly 
work on the 
communication of 
our findings to 

different 
stakeholders and 
help to implement 
the methodology in 
the risk management 
of pesticides. 

Realization 

Dr. Björn Scholz-Starke 
Dr. Martina Roß-Nickoll 

Funding 

Federal Office of Consumer Protection and 
Food Safety (BVL), FKZ 123-02.05-20.0024/12-
II-E 

Cooperation Partners 

IfA - Institute for Agroecology  Neustadt a. d. 
Weinstrasse, Germany 
Research Institute for Ecosystem Analysis and 
Assessment – gaiac, Germany
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Joint Danube Survey 3  
(2013)

Description of the Project 

The Joint Danube Survey 3 (JDS3), was the 
world’s biggest river research expedition of its 
kind in 2013, the UN International Year of Water 
Cooperation, with full results published in spring 
2015. JDS3 catalysed international cooperation 
from all 14 of the main Danube Basin countries 
and the European Commission, united through 
the International Commission for the Protection 
of the Danube River (ICPDR). 

With three research ships, including 
the Serbian laboratory ship Argus, 
several parameters and samples 
were collected. Altogether 800 
chemical and biological parameters 
were analysed. The aim of this 
transnational monitoring approach 
was the collection of highly reliable 
and comparable data with respect 
to water quality and pollution of a 
Danube Stretch from Germany to 
Ukraine (2354 river kilometers). The 
endeavour resulted in an extensive 
interdisciplinary data set. 

Due to their high logistical effort and 
local regulatory barriers, 
transnational large-scale monitoring 
studies are difficult to achieve. By 
using the infrastructure of JDS3 the 
collection of a unique set of biomarker response 
data in fish was realized. At 32 different 
locations blood samples, liver and muscle 
tissue were collected from two different wild fish 
species (Alburnus alburnus and Neogobius 
melanostomus). The samples were conserved 
in the field and analysed following JDS3 
regarding biomarker response at the Institute 
for Environmental Research, RWTH Aachen 
University.  

Activities in 2015 

Blood and liver tissue samples were analysed 
by using a biomarker battery with several 
endpoints including genotoxicity in peripheral 
erythrocytes (micronucleus test), 
biotransformation enzyme activity (7 
ethoxyresorufin-O-deethylase; EROD, 
glutathione-S-transferase; GST, 
carboxylesterase; CES), oxidative stress 
(catalase activity; CAT, formation of 
thiobarbituric acid reactive substances 
(TBARS), exposure to organophosphates 
(acethylcholinesterase activity; AChE) and 
analysis of pollution induced gene expression. 

The results of genotoxicity in peripheral 
erythrocytes were published in the Final  

 
Scientific Report of the ICPDR in 2015 and can 
be downloaded under:  
http://www.danubesurvey.org/sites/danubesurv
ey.org/files/nodes/documents/jds3_final_scienti
fic_report_1.pdf 

The results of this unique data set are intended 
or already submitted for publication. 

 

Realization 

MSc. Björn Deutschmann (PhD 
thesis) 
Dr. Mirna Velki 
Dr. Thomas-Benjamin Seiler 
Prof. Henner Hollert 

Funding 

The biomarker analysis in fish 
during JDS3 as part of the 
SOLUTIONS project has received 
funding from the European Union’s 
Seventh Framework Programme for 
research, technological 
development and demonstration, 
grant no. 603437, and the ICPDR. 
Dr. Mirna Velki received funding 
through an Alexander-von-
Humboldt postdoctoral fellowship. 

Cooperation partners 

International Commission for the Protection of 
the Danube River (ICPDR), Austria 

All cooperation partners are listed at 
http://www.danubesurvey.org/partners 

 

 

 

 

 

 

Documentation about the 
JDS3 produced within the 
SOLUTIONS project 
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Establishment of suspension cell lines for 
(eco-)toxicological purposes 

(2013 - 2016) 

Description of the Project 

The state of the art in testing chemicals is either 
using in vivo systems or using in vitro test 
systems, i.e. adherent cell lines essentially 
demanding foetal calf serum within the culture 
broth. Both approaches 
are using animals in a 
direct manner or indirectly 
by using animal-derived 
components such as the 
mentioned foetal calf 
serum. The latter is still 
necessarily as well as 
widely used in cell culture, 
whereas animal-
component free 
alternatives are either 
much more expensive or 
simply not applicable in 
high throughput testing. 

Our work focusses the 
total abolishment of using 
animal components in in vitro testing of 
chemicals or pharmaceuticals. In addition, all 
previously adherent cell lines are cultured in 
stable suspension cultures. Hereby, the main 
advantages are the eased culture management 
without trypsination prior passaging, newly 
performable time-lapse analytics, improved 
metabolomics studies due to higher media 
definition and purity, higher throughput allowing 
full automation as well as more stable cell lines. 
All established suspension cell lines (e.g. H4IIE-
S, HepG2-S, V79-S, H295R-S, ZFL-S, …) are 
growing and applied in one cell line-covering, 
chemically-defined medium. For each 
suspension cell line a specific assay protocol 
was established to increase the analytical 
throughput as well as performance that results 
in a reduction in time, handling steps and costs. 
The present serum-free suspension cell-based 
assays are superior compared to the progenitor 
serum-containing adherent cell-based assays. 
Additionally, the assays a compliant to existing 
OECD/DIN guidelines. 

Activities in 2015 

The assays for the existing suspension cell lines 
were fully optimised regarding handling, time 
consumption, applicability, sample usage and 
information density. Novel suspension cell lines 
were established in parallel using the same 
established chemically-defined medium. For 
improving the analytical capacity of each 
suspension cell line, unique boost supplements  

 

were established. Furthermore, first 
approaches towards a scalable alternatives to 
S9 fractions of rat liver lysates were 
established, for further reducing the animal 

body count in research and 
substance testing. 

Outlook 

Our work will be implemented 
in a Start-up calling EWOMIS 
in 2016/2017. Here, we will 
provide all present and further 
established suspension 
(reporter) cell lines, the 
unique chemically defined 
medium, cell specific boost 
media, cell-derived lysates for 
in situ metabolisation as well 
as services in cell line 
development and cell-based 
analytics.  

Realization 

Dr. Beat Thalmann  
Dr. Andreas Schiwy 
Prof. Henner Hollert 

Funding 

SeedFund RWTH Aachen (2013) 
Foundation AnimalFree Research (CH) (2016) 

 

 

 

E M P H A S I Z I N G C E L L S

EWOMIS
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The dioRAMA project: assessment of dioxin-like activity in 
sediments and fish (Rutilus rutilus) in support of the 

ecotoxicological characterization of sediments 
(2013 – 2016) 

Description of the Project: 

Given the complex interactions of re-suspen-
sion processes and bioavailability of sediment-
bound pollutants such as dioxin-like chemicals, 
there is need for a better integrative 
understanding of the cause–effect relationship 
of these pollutants. Currently, the majority of 
studies investigating potential risks of these 
chemicals only focus on characterizing 
sediment extracts via in vitro bioassays, thereby 
disregarding bioavailability, uptake, 
metabolism, and elimination rates of these 
compounds in vivo. To determine to which 
extent mechanism-specific effects in vitro reflect 
possible adverse effects in vivo, the research 
project dioRAMA, involving partnership 
between the Institute for Environmental 
Research of RWTH Aachen University and the 
Department Biochemistry/Ecotoxicology of the 
German Federal Institute of Hydrology, was 
established. 

Animals from an elevated trophic level – 
common roach (Rutilus rutilus) – will be 
exposed to sediments from 
two major German rivers. 
Exposure will be performed 
in a system that enables a 
concurrent monitoring of 
environmental parameters. 
In parallel, in vitro studies will 
be conducted to determine 
dioxin-like potentials of 
sediment and fish extracts 
from the in vivo exposure 
experiments using different 
cell lines with varying 
endpoints. Moreover, extract 
fractionation procedures, 
using the strategy of effect-
directed analysis, will enable 
the detection of specific contaminant groups 
responsible for the biological activity observed 
expression depending on the chemical and its 
properties. The time point of measurement was 
also crucial for evaluating the potency of the 
chemical as oscillating expression courses 
could be observed for some genes.  

A closer interconnection between applied 
ecotoxicological science and regulatory needs 
will facilitate the improved assessment of 
dioxin-like compounds in sediment and biota.  

 

 

Consequently, this will enable their application 
in sediment management programs, which is 
one of the main goals of the dioRAMA project. 

The major aim of the present project is to bridge 
the gap between in vitro and in vivo 
assessments of the effects of sediment-
associated compounds with dioxin-like modes 
of action. The activities that will help to close this 
gap comprise investigations of the complex 
cause-effect relationships of sediment-
associated dioxin-like chemicals in biota and 
the comparison of these with toxic potentials 
determined in the same samples using 
commonly used in vitro assays. 

Realization: 

BSc. Mathias Reininghaus (MSc thesis) 
BSc. Carolin Gembé (MSc thesis) 
Dr. Markus Brinkmann (PhD thesis) 
Dr. Kathrin Eichbaum (PhD thesis) 
Prof. Henner Hollert 
 

 

Funding: 

German Federal Ministry of 
Transport and Digital 
Infrastructure (BMVi) 

Cooperation Partner:  

Dr. Georg Reifferscheid, Dr. 
Sebastian Buchinger 
(German Federal Institute of 
Hydrology (BfG)) 
Prof. Markus Hecker, Prof. 
John Giesy, (University of 
Saskatchewan, Canada) 
Prof. Magnus Engwall, Prof. 
Bert van Bavel (University of 

Örebro, Sweden) 
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Urban Future Outline (UFO) 
(2013 - 2016)

Description of the Project 

The interdisciplinary RWTH-project Urban 
Future Outline (UFO) aims to establish a 
platform for research on urban spaces. Within 
the framework of UFO, engineers, natural-, arts- 
and social-scientists develop innovative 
solutions for the cities of the future. In this 
context, the institute is involved in a subproject 
focusing on new approaches to implement 
sustainable, robust energy systems 
successfully (“FuEne - Future Energy - 
Roadmap to a sustainable and eco-friendly 
energy transition”). Therefore, spatial explicit 
scenarios of renewable energy production are 
analysed to develop an integrated assessment 
for the consequences of the German energy 
transition project (“Energiewende”).  

Another subproject focuses on the 
multidisciplinary evaluation 
of ecosystem services and 
functions which are 
provided by urban green 
spaces (“FuEco - Future 
Ecosystem - Assessment 
of combined stresses in 
public urban spaces”). 
More information:  
www.humtec.rwth-
aachen.de 

Activities in 2015 

In the course of the year 
2015, studies were 
conducted to generate an assessment tool 
which aims for the quantification of ecological 
consequences that arise using renewable 
energy sources. The tool was used to calculate 
the land use of energy transition scenarios and 
the related amendment of the ecological value 
of the respective landscape in the city and the 
city-region of Aachen. 

Regarding the investigations on urban green 
spaces, a structure type classification system 
was established to capture the structural 
characteristics of parks comprehensively. The 
classification system was applied on eight 
different green spaces in the city of Aachen. 
Vegetation surveys were conducted to analyse 
the plant communities with regard to the 
structural composition of parks. Further studies 
were carried out to investigate plant-pollinator-
interactions in different types of structures for 
urban green spaces. 

Results of the projects were presented at 
national (IALE-International Association for 
Landscape Ecology – German chapter) and  

 

international conferences (ECBCC- European 
Conference on Biodiversity and Climate 
Change). As part of the public relations and 
ecological education, the project was also 
presented during “Green Day 2015” and 
“Wissenschaftsjahr 2015-Zukunftsstadt”. Both 
events aimed at fostering the transfer of 
knowledge for young students.  

Outlook 

In 2016, additional studies to investigate the 
ecosystem services of pollination in cities will be 
carried out. A particular focus will be on the 
construction of a mobile test system to quantify 
pollination for different investigation sites and 
park structures. 

The collected data of ecosystem services in 
urban greens will be used to 
update the interdisciplinary 
evaluation of greens by using 
Bayesian approaches. 
Synergies and trade-offs 
between ecosystem services 
will be considered within a 
Bayesian network.  

Manuscripts will be published 
regarding the interdisciplinary 
perspective on the quality of 
parks and the development of 
a holistic assessment tool for 
urban green spaces. 

Realization 

MSc. Benjamin Daniels (PhD thesis) 
Prof. Andreas Schäffer 
Dr. Richard Ottermanns 
Dr. Martina Roß-Nickoll 

Funding 

Excellence Initiative of Germany's federal and 
state governments 

Cooperation Partners 

Physical Geography and Climatology Group at 
RWTH Aachen University 
Institute for High Voltage Technology at RWTH 
Aachen University 
Chair for Communication Science at RWTH 
Aachen University, Textlinguistics & Technical 
Communication 
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W3-Hydro: Water quality event detection  
for urban water security and urban water management 

based on hydrotoxicological investigations 
(2013 - 2016)

Description of the Project 

W³-Hydro is motivated by three demands: water 
availability, water quality and water security. 
Hence, it is important to identify situations when 
the demands are threatened by sudden, 
unforeseen and negative events. For detecting 
contamination in natural waters and water 
supply systems it is necessary to develop an 
early warning system in order to secure 
mankind and the environment. Changes in 
motoric behaviour of organisms are a sensitive 
endpoint for the assessment of toxicity of 
chemicals. We propose to use behavioural 
changes of zebrafish larvae for the detection of 
sudden contamination events in a water stream. 
Early life stages of zebrafish are not protected 
as animals until 120 hours post fertilization 
(hpf), hence zebrafish larvae at the age of 96 
hpf are used to 
establish an 
animal free 
vertebrate method 
for event 
detection. Since 
early stages of 
zebrafish are very 
sensitive towards 
toxic substances, 
and behaviour is a 
sensitive bioindicator, the system is a promising 
tool to detect toxic substances fast and in low 
concentration ranges. In order to determine the 
sensitivity and reliability of this system a number 
of experiments are conducted using cadmium 
and permethrin as models. 

Activities in 2015 

The Institute of Hydraulic Engineering and 
Water Resources Management (IWW) 
conducted a series of experiments in an annular 
flume to investigate the effects of cadmium and 
permethrin on the physical chemical 
parameters of water in a sediment-water 
system. In the course of the experiments, the 
two contaminants were tested individually and 
in combination to identify relevant effects and 
interactions of measured parameters. The 
concentration of cadmium and permethrin in 
sediment and water samples are currently 
chemically determined at our institute. In late 
2015 Ms Nüßer stayed at the Technion for a 
research visit of one month for collective work 
on a dataset of zebrafish larvae behavioural 
effects after peak contamination. During this  

 

time the team developed novel, threshold based 
methods for the analysis of zebrafish larvae 
behaviour. 

Outlook 

The results from the collective work of the 
Technion and RWTH will be used to design 
future experiments with zebrafish larvae. A 
custom designed flow-through well plate is 
currently in development. The plate will be 
incorporated in the monitoring system and 
allows for the detection of the onset of be-
havioural changes of zebrafish larvae after a 
peak contamination. 

Future experiments will test for the influence of 
the larvae's age on the average activity of 

control larvae. 
This data will be 
used to set a 
dynamic threshold 
that consider 
these changes 
over time. The 
data from 

behaviour 
experiments will 
be used as input 

signals for the data driven models (DDM) which 
are developed for the event detection system at 
the Technion. 

Realization 

MSc. Leonie Nüßer (PhD thesis) 
Prof. Henner Hollert 
Dr. Thomas-Benjamin Seiler 

Funding 

Chief Scientist (OCS) Ministry of Science, 
Technology and Space (MOST), Federal 
Ministry of Education and Research, Germany 
(BMBF), grant no. 02WA1298 

Cooperation Partners 

Dr. Avi Ostfeld, Dr. Elad Salomon (Technion, 
Israel) 
Prof. Holger Schüttrumpf, Dr. Cartina Coffalla) 
Institute of Hydraulic Engineering and Water 
Resources Management (IWW) at RWTH 
Aachen University 
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Modeling and assessment of life history  
of Folsomia candida (Collembola) 

(2013 - 2017)

Description of the Project 

Focus of this project is the further development 
and application of the individual-based model 
FOLCAS (Folsomia candida simulation). The 
model simulates the vertical dispersal of the 
soil-dwelling collembolan Folsomia candida in 
an agricultural soil to demonstrate the effect of 
variations in environmental parameters, such as 
temperature, soil composition or (in focus of our 
research) pesticide exposure on the population. 

In the project, it is necessary to perform 
modeling as well as experimental tasks. With 
respect to the modeling tasks, the aim is not 
only to streamline existing code workarounds, 
but also to enhance the realism and applicability 
of the model itself. 

A second part is the development 
of laboratory studies to gather 
more specific data on the life 
history parameters of F. candida. 
Two main aspects are the 
species’ temperature 
dependencies and their vertical 
distribution behaviour. 

Activities in 2015 

In 2015 the project team 
performed various experiments 
with the main focus on the 
population dynamics of F. candida. The results 
of the first population dynamics experiments 
from 2014 were evaluated and presented at the 
SETAC Europe meeting in Barcelona in May 
2015 as a poster presentation. As those data 
were gathered on active charcoal plates, the 
experiment was repeated in OECD soil as part 
of the bachelor thesis of Astrid Bartonitz. The 
results of her experiments also allowed us to 
collect interesting data on the vertical dispersal 
of adult and juvenile collembola. The evaluation 
of all data motivated us to restart the population 
dynamics experiment on active charcoal plates. 
Populations of F. candida are assessed on a 
weekly basis in relation to food availability (low, 
medium, high). Furthermore, the team runs 
experiments to assess the maximum life 
expectancy of F. candida at 7 different 
temperatures (0, 4, 10, 15, 20, 25 and 30°C). 

Modeling-wise, I was able to enhance the model 
applicability by integrating the toxicity model 
with its probit function into the code. I tested the 
movement algorithm and was able to calibrate 
the model towards the results of the first 
population dynamics experiments. In addition, I  

 

analysed the relevance of the depth restriction 
currently implemented in the model.  

Last but not least, I participated in the 9th 
Summer School in Individual- And Agent-Based 
Modeling 2015 at TU Dresden, Germany. The 
course took nine days with international 
participants and offered a great opportunity to 
learn and gain for my model. 

Outlook 

We plan on repeating the population dynamics 
experiment in OECD soil and to extend the 
runtime for additional data. Furthermore, we 
consider field research regarding the organic 
matter content in agricultural fields, as well as 

laboratory experiments 
considering the vertical 
distribution of F. candida within 
different media.  

The model will be thoroughly 
analysed: A sensitivity analysis is 
scheduled to identify the most 
sensitive parameters of the 
model. The results of the 
robustness and sensitivity 
analysis will be presented at the 
SETAC Europe Meeting in 
Nantes, France. In addition, the 

new laboratory findings will be implemented and 
the model will be calibrated accordingly. In 
2016, we will use the model to simulate 
terrestrial model ecosystems (TMEs) and field 
studies. Thus, simulation and experimental 
results can be compared and allow an 
assessment of the realism of the model. 

Realization 

MSc. Vanessa Roeben (PhD thesis) 
BSc. Jana Jedamski (MSc thesis) 
Astrid Bartonitz (BSc thesis) 
Dr. Martina Roß-Nickoll 
Prof. Andreas Schäffer 

Funding 

Bayer CropScience 

Cooperation Partners 

Dr. Thomas Preuß (Bayer CropScience) 
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Statistical tools and ecological modeling – joint project 
EDAPHOBASE GBIF – information system, data repository 

and infrastructure and service-platform for soil zoology 
(2013 - 2017)

Description of the Project 

The "edaphobase" system of the Senckenberg 
Museum of Natural History in Görlitz will be 
expanded into an assessment instrument for 
faunistic and ecological data on soil fauna in 
Germany, and will be interconnected with 
national biodiversity initiatives. 

We will develop models on the site-specific 
composition of soil organism communities, 
which can be lead back to processes that 
depend on environmental factors in complex 
soil ecosystems. Impact hypotheses from these 
models are developed and statistically tested 
with the help of multivariate analysis and pattern 
recognition techniques. Tools will then be 
developed to determine autecological 
preferences of single species and build 
hypotheses on reference states of coenoses 
under specific 
environmental 
conditions. Predictions 
for soil biodiversity 
monitoring will be 
developed for analysis 
and typecast of study 
sites. This allows the 
assessment of land-
use or climate change 
impact on soil organism communities. The 
requirements of the national biodiversity 
strategy will be put into practice and linked to 
soil function. 

Activities in 2015 

Multiple statistical tools for automatic data 
extraction and analysis were developed in 
2015: “edaphisto” is an autecological tool that 
classifies the sites into groups according to a 
parameter (e.g. pH-value), calculates 
abundance and presence for each class, and 
automatically produces histograms. Extraction 
and pre-processing routines of edaphostat data 
created for this tool are the foundation for tools 
that allow automatic filtering of unsuitable sites. 
A tool to create (Gaussian) response graphs 
was also built. Here, a density function was 
fitted to the data of “edaphisto”. Finally, a tool to 
automatically create niche space diagrams from 
pre-processed data was developed. 

Tools for the automatic deduction of 
characteristic species assemblages (“reference 
coenoeses”) of a priori or data-based site 
classes were linked to any desired data  

 

compilation of the edaphobase and a sequence 
of complementary statistical analyses were 
implemented in R code. The “edaphocoen” 
tools couple the results of indicator species 
analyses to find the most significant, abundant 
and steadily occurring soil taxa with multivariate 
ordination analyses considering the joint 
occurrence of the species at each of the sites.  

Outlook 

Within the next year, it is planned to continue 
the work on the tools for automatic data 
analysis. With the help of high quality data sets 
that are determined by expert knowledge, the 
tools will be calibrated and enhanced in their 
functionality. The goal is to get comparable 
results with automatic tools as with hand-made 
analysis. Further, a trait-based approach to get 

additional expert 
knowledge will be 
combined with the 
results so far and a 
data-mining approach, 
which takes full 
advantage of the whole 
edaphobase database 
will be developed. 

Realization 

MSc. Jonas Hausen (PhD thesis) 
Dr. Björn Scholz-Starke 
Dr. Richard Ottermanns  
Dr. Martina Roß-Nickoll 

Funding 

Federal Ministry of Education and Research, 
Germany (BMBF), FKZ 01LI1301D 

Cooperation Partners 

Senckenberg Museum of Natural History, 
Germany 
State Museum of Natural History, Karlsruhe, 
Germany 
ECT Oekotoxikologie GmbH, Germany 
Research Institute for Ecosystem Analysis and 
Assessment e.V. – gaiac, Germany
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Sustainable Nanotechnologies (SUN) 
(2013 - 2017)

Description of the Project 

The EU-FP7-project SUN aims at investigating 
and assessing risks of manufactured 
nanomaterials (MNMs) during their whole life 
cycle (production, supply, use, and disposal). 
35 partners from 12 EU countries participate in 
this project that has a total budget of about 14 
million Euro (www.sun-fp7.eu). The project 
develops 1) methods to predict exposure of 
human and the environment, to quantify effects, 
and to finally assess the risks of MNMs; 2) tools 
to support industrial and regulatory decisions, 
especially regarding safe production, use, and 
disposal of MNMs; 3) 
technological solutions for 
risk management of 
MNMs within the industry, 
regarding the 
environment, and for 
consumers. We are 
involved in the work 
package Environmental 
Release, Fate & Exposure 
and deal with the release 
of carbon nanotubes 
(CNTs) from composites 
after disposal. 
Radiolabelled CNTs (14C-CNTs) are embedded 
in polycarbonate (PC) and polypropylene (PP), 
and epoxy resin products. The composites are 
then subjected to weathering scenarios like 
simulated sunlight radiation (SSR) in several 
environmental media (soil, sediment, salt and 
fresh water) to measure the amount of released 
radioactivity. Next to quantitative examination, 
the released nanoproduct (CNTs and CNTs-
polymer fragments) is qualitatively assessed by 
means of electron microscopy (EM). 

Activities in 2015 

Until now, release of CNTs from PC and PP 
plates has been quantified. It was shown that 
the presence of CNTs protects the polymer 
matrix from degradation upon SSR. However, 
up to 1% of the embedded CNTs were released 
from irradiated samples that were transferred to 
different media, whereas release from non-
irradiated control samples was about 90 times 
lower. After irradiated plastic composites were 
allocated to fresh or salt water, both single 
nanotubes as well as nano- and microscale 
CNT-polymer fragments were detected in the 
media and visualized with EM. Both the water 
flea, Daphnia magna, and the brine shrimp, 
Artemia salina, were able to take up released 
radioactivity. Release of CNTs in sediment and 
soils was lower, but still low amounts of  

 

radioactivity were detected. Especially in the 
sediment or soil layer directly surrounding the 
plastic composite, radioactivity of released CNT 
material was detected.  

Outlook 

It was shown up to now that CNTs can be 
released from plastic composites (i.e. CNT 
containing PC and PP plates), especially when 
these products are subjected to SSR. When 
present in aqueous media, the released CNT 
material is bioavailable for filtering organisms of 

the food chain basis. 
Hence, it can be 
concluded CNTs can enter 
the food web after plastic 
CNT composites are 
disposed to the aquatic 
environment. Currently, it 
is tested whether released 
radioactivity can also be 
taken up by sediment and 
soil organisms like the 
earthworm Eisenia fetida. 
The plan in the next year is 
to quantify the release of 

CNTs from epoxy resin products, which will be 
kept under weathering conditions in different 
environmental media. Afterwards, it will again 
be examined whether possible released 
material is bioavailable for different organisms. 
This is especially interesting with regard to the 
marine environment since CNT containing 
epoxy resin might be used in boat paints in the 
future. 

Realization 

MSc. Michael Hennig (PhD thesis) 
Dr. Hanna M. Maes  
Prof. Andreas Schäffer 

Funding 

SUN is funded by the EU 7th Framework 
Programme under contract no. 604305. 

Cooperation Partners 

EMPA, Switzerland 
ETSS, Switzerland 
CEREGE, France 
BASF, Germany 
NANOCYL, Belgium 
Danmarks Tekniske Universitet, Denmark 
Universita ca‘ Foscari Venezia, Italy 
Stichting Dienst Landbouwk. Onderzoek,  
The Netherlands
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SOLUTIONS for present and future emerging pollutants  
in land and water resource management 

(2013 - 2018)

Description of the Project 

Toxic effects on aquatic life are frequently 
observed. However, it remains a great 
challenge to link occurrence of chemicals with 
the ecological status of waters, to identify major 
chemical stressors, and to find solutions for the 
abatement of pollution-related risks. To improve 
the linkages of tools, models, and methods in 
environmental and water policies, the 7th EU 
RTD Framework Program project SOLUTIONS 
started to address these particular topics with a 
consortium of 39 partners. The overall goal of 
the Water Framework Directive (WFD) 
supported Project SOLUTIONS is to produce 
consistent solutions for the large number of 
legacy, present and future chemicals posing a 
risk to European water resources with respect 
to ecosystems and human health. It is 
structured into 4 highly 
integrated subprojects 
(SP): SP1 guides and at 
the same time fully relies 
on the subprojects SP2 
on Tools, SP3 on 
Models, and SP4 on 
Cases, which develop 
the underlying bio- and 
chemo-analytical 
procedures, the 
theoretical methods and 
computational 
techniques modeling 
chemical behaviour, and the experimental and 
field data that are integrated and digested into 
the final solutions. Each subproject is 
composed of several work packages (WP) 
headed by leading groups in their field. 

Activities in 2015 

The Institute for Environmental Research 
(Biology V) at RWTH Aachen University is part 
of four different work packages and leader of the 
task group for biomarker in fish and bioassays 
in a weight-of-evidence approach within the 
project. Until now, significant variations in DNA 
damage levels were observed in several 
different sampling sites for Alburnus alburnus 
with the micronucleus assay, especially in the 
area of JDS31-40 and JDS60. Additionally, 
significant variations of the biotransformation 
enzyme activity in the liver of both Neogobius 
sp. and A. alburnus were demonstrated in 
EROD and GST assays. In bioassays, embryo 
toxicity was detected in all 22 JDS3 surface 
water sample extracts. The most toxic samples 
were JDS 32, JDS 63 and JDS 67, and the LC50  

 

values in these samples were at REF 115.1, 
REF 174.3 and REF 243.8 respectively. 
Significant mutagenicity was measured in all 
these 22 samples with the Ames Fluctuation 
assay. 13 out of 22 samples showed 
mutagenicity even without supplementation of 
S9 mix.  

Outlook 

Even though environmental mishaps on aquatic 
life appeared frequently, the linkage of toxic 
effects and the identification of major chemicals 
in aquatic environment is still a great challenge. 
In future studies, fish embryo assay, Ames 
fluctuation assay and GR-CALUX will be used 
to detect the toxic effect of single and mixture 
chemicals, which will be combined with effect-

directed analysis and 
modeling to identify 
major chemical stressors 
in the water. All these 
experimental results are 
crucial to assess 
chemicals that may lead 
to not only present but 
also future ecological risk 
in European water 
resources. 

Realization 

MSc. Björn 
Deutschmann (PhD thesis) 
MSc. Ying Shao (PhD thesis) 
MSc. Shangbo Zhou (PhD thesis) 
Dr. Mirna Velki 
Dr. Thomas-Benjamin Seiler 
Prof. Henner Hollert 

Funding 

EU 7th Framework Programme for research, 
technological development and demonstration, 
grant no. 603437. Dr. Mirna Velki received 
funding through an Alexander-von-Humboldt 
postdoctoral fellowship. 

Cooperation Partners 

See http://www.solutions-project.eu
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Impact study for spherical and irregularly shaped 
microplastic particles on fitness-related endpoints  

in the crustacean Daphnia magna 
(2014 - 2015)

Description of the Project 

The research project was aimed at a better 
understanding of the effects of microplastic 
particles (MPs) on lower trophic levels in 
aquatic ecosystems. Currently published data 
on the interactions of zooplankton and 
microplastic particles is 
largely limited to spherically 
shaped particles of equal 
size (primary microplastic 
particles, PMP). The 
majority of particles found in 
the environment stem from 
far larger polymer pieces 
that enter ecosystems as 
waste and are a result of 
degradation (secondary 
microplastic particles, 
SMP). Spherically shaped 
particles therefore may not 
be representative for MP-effects in situ and 
SMP would be part of more realistic exposure 
scenarios.  

Activities in 2015 

During the research, effects of PMPs were 
compared to mechanically ground SMPs 
derived from the same material regarding a 
wide range of fitness-related endpoints in the 
cladoceran Daphnia magna. The central 
experiment showed a significant reduction of 30 
% in the amount of consumed carbon over 72 h 
for both plastic particle types in comparison to 
both a control group as well as a group that was 
exposed to naturally occurring clay particles in 
a comparable size range. Clay is known to 
affect daphnid‘s feeding and as a result 
reproduction and growth, but at higher 
concentrations than were used in the 
experiments. We additionally investigated 
effects on reproduction, growth and maternal 
effects on offspring survival and feeding. 
Available food was varied as well as the 
absolute and relative amounts of the respective 
particles throughout the experiments. Exposure 
to SMPs caused elevated mortality, longer 
brood frequencies and decreased reproduction 
at high MP levels in the feeding suspension. 
PMP or kaolin treatments did not show these 
effects. Daphnids that were exposed to any 
particle type at low algal concentration resulted 
in decreased individual growth. High algal 
concentrations by contrast triggered a positive 
growth response to all particle types. Overall,  

 

SMPs showed the formation of 
homoaggregates inside the guts of the 
daphnids, a behaviour that was not observable 
for PMPs. 

The results suggest that 
MPs and, in particular, 
SMPs, have a greater 
capacity to negatively affect 
feeding in D. magna 
compared to naturally 
occurring mineral particles 
of similar size. Experiments 
with PMPs overall do not 
appear to be a suitable 
representation of field 
conditions where SMPs 
dominate. 

Realization 

BSc. Christoph Schür (MSc thesis) 
Prof. Henner Hollert 

Funding 

Swedish Research Council Formas 
(www.formas.se) 

Cooperation Partners 

Prof. Magnus Breitholtz, Dr. Martin Ogonowski 
(ACES Stockholm, Sweden)

http://www.formas.se/
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Influence of age, structure and environment of standing 
water bodies and the colonization of these by amphibians 

and dragonflies in the West and South-West of 
Luxembourg 
(2014 - 2016)

Description of the Project 

Amphibians are among the most endangered 
animal classes of the world. One of the major 
causes for their declining is the disappearance 
of their habitat. Wetlands, in particular, are 
becoming rare in the modern landscape that are 
increasingly being encroached by agriculture 
and urban settlements. To protect these 
complex ecosystems, home to many different 
species, nature conservation organizations 
create artificial ponds. In order to test the 
suitability of these artificial wetlands designed 
by the nature protection syndicates of SICONA, 
the colonization process of 
vegetation, dragonflies 
and amphibians were 
studied in 36 standing 
water bodies in 
Luxembourg. The ponds 
were situated in the 
southwest and in the west 
of the country. The data for 
amphibians was collected 
during spring 2014 while 
data collection for plants 
and dragonflies took place 
during summer and early 
autumn 2014. 
Furthermore, several 
environmental data of the 
ponds, such as pH and O2 content of the water 
and vegetation cover were collected. The 
surrounding environment was also recorded. 
The amphibians were caught with fish traps on 
two successive days to collect capture-
recapture-data for Triturus cristatus in order to 
estimate the populations of the rarest newt 
species in Luxembourg. This species is 
especially suitable for this type of study 
because of its individual yellow and black 
patterns on the ventral side. These allow the 
recognition of individuals even without marking 
them, which is not easy for amphibians. The 
data for dragonflies were collected by 
observation as well as capture and release with 
a butterfly net. For each pond, the vegetation of 
the shore area was recorded as well as the 
emerged vegetation on and above the water 
surface. Furthermore, the effects of pond 
structure and forest proximity were studied to 
investigate their influence on colonization 
success. 

Activities in 2015 

In 2015 the collected data was digitalised and 
several statistical tests were done in order to 
determine which parameter has the most 
important influence on the colonization process 
of the ponds. First simple statistics were made 
which showed the dispersal of the different 
species on the sites. This gave an idea if the 
water bodies differed in colonization. Afterwards 
statistical tests like CA (correspondence 
analysis), MRPP (multi-response permutation 
procedures) and others were made to 
investigate the influence of environmental 

factors on the 
colonization and the 
species composition. In 
order to identify the 
major plant 
communities, the 
vegetation data was 
analysed phyto-
sociologically. The 
focus of this analysis 
was set on the riverine 
vegetation. This could 
provide important 
information on the 
differences between the 
wetlands and a good 
description of the sites.  

Outlook 

As a next step, the analysis and the study report 
will be finished and the master thesis 
completed. This study aims to help SICONA 
improve their design of new ponds so that 
eventually they become better habitats for 
species of conservation interest. Therefore, a 
better understanding of the different species 
colonizing such ponds will be gained and the 
variables necessary for the survival of existing 
populations will be revealed. 

Realization 

BSc. Nathalie Grotz (MSc thesis) 
Prof. Andreas Schäffer  
Dr. Martina Roß-Nickoll 

Cooperation Partners 

Dr. Simone Schneider (Biological Station 
SICONA, Luxemburg)
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Passive sampling for monitoring organic contaminants in 
aqueous system 

(2014 - 2016)

Description of the Project 

A broad range of organic contaminants are 
released into aquatic environments and can 
affect the water quality. Monitoring of these 
aquatic contaminants is of increasing 
importance, and sampling is the initial step for 
such environmental monitoring. Here, passive 
sampling is a promising tool with a number of 
advantages over grab sampling. The aim of this 
study is to provide a better understanding of 
passive sampling approaches targeting (polar) 
organic contaminants.  

The study is divided into four parts: (1) the 
partitioning behaviour of organic contaminants, 
especially biocides and 
pharmaceuticals, to Oasis 
HLB, which is widely used in 
Polar Organic Integrative 
Sampling (POCIS) and solid 
phase extraction, as a 
function of environmental 
parameters; (2) design of a 
new format of passive 
samplers, containing Oasis 
HLB beads embedded in 
Polydimethylsiloxane 
(PDMS) to be tested in both 
the laboratory and in field 
monitoring; (3) evaluation of 
the performance of POCIS 
and new passive samplers 
compared to bath sampling; 
and (4) determination of the 
dissolved concentrations of 
organic contaminants along 
the river Saar including wastewater treatment 
plant (WWTP) by two types of passive 
samplers. 

Activities in 2015 

A new mixed polymer sampler (MPS) was 
developed by mixing PDMS and Oasis HLB. 
Homemade MPS and POCIS were tested in 
batch experiments using 2-L bottles to observe 
the uptake kinetics from the aqueous phase and 
to compare their performance. This batch 
experiment was performed for stirred and 
unstirred exposure, respectively, to evaluate the 
influence of the water flow rate on the sampling 
and uptake kinetics of each passive sampler. 

MPS and POCIS were deployed in the river 
Saar and the effluent of WWTP, which 
discharges into the river for five weeks (May-
June 2015). MPS was covered in copper mesh 
to prevent biofouling during incubation. After  

 

collection the samplers were extracted 
separately in methanol. The methanol extracts 
were then analysed directly via LC-MS/MS and 
any ion suppression/enhancement was 
corrected by a simplified concentration addition 
method. Forty-six compounds were analysed 
including a number of EU Water Framework 
Directive (WFD) priority substances.  

Both passive samplers performed well. Twenty-
seven compounds were detected along the 
Saar including six compounds from the EU 
WFD priority list. MPS has its advantage in 
simplicity and easy handling. POCIS allowed for 

the detection of a broader 
range of compounds.  

Outlook 

In order to calculate the time 
weighted average 
concentration from passive 
sampling, the sampling rate 
of each compound to the 
sampler should be 
determined. Therefore, from 
the batch experiment 
performed last year, the 
sampling rate will be 
determined and then, this 
will be applied to measure 
the concentration of the 
extracted samples.  

The contamination level 
along the Saar river will be 

determined and the role of two passive 
samplers used in this study will be elucidated. 
Also, as an example of many yet unexplored 
features of MPS, the release kinetics of MPS in 
aqueous phase will be determined. 

Realization 

MSc. Yoonah Jeong (PhD thesis) 
Dr. Kilian Smith 
Prof. Andreas Schäffer 

Funding 

Basic Fund Research Project of the Korea 
Institute of Science and Technology Europe 

Cooperation Partners 

Korea Institute of Science and Technology 
Europe, Saarbrücken, Germany
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TEPHA – Technical Product Harvesting 
(2014 - 2016)

Description of the Project 

Within the interdisciplinary research project 
"TEPHA - Technical Product Harvesting” 
scientists from mechanical engineering, 
architecture, botany and ecology are exploring 
the options for environmentally friendly and 
sustainable production. The aim of the entire 
project is to use suitable biomass for the 
production of technical products. Specifically, 
the focus is on organic materials, which are 
influenced in their natural growth and as defined 
in required semi-finished or usable components 
for architecture or mechanical engineering 
applications. The Department of Ecosystem 
Analysis at the Institute for Environmental 
Research investigates the ecological 
implications of near net shape grown products. 
The ecological expertise should be firstly 
integrated into a database in which also the 
mechanical engineering related and 
architectural requirements, as well as the 
botanical 
properties of 
potential plants 
are combined. 
On the 
ecological side, 
specific 
information on 
candidate 
plants such as 
the nutrient, fertilizer and water requirements, 
impacts of plant cultivation on humans and 
ecosystems, as well as information on potential 
land use, are inserted into the database. The 
aim of this database is to enable a reasonable 
and reproducible way of future plant selection, 
which both meets the technical requirements 
and is environmentally responsible.  

Secondly, the main objective of the 
environmental sciences subproject is the 
assessment of the overall environmental impact 
of growth caused by near net shape grown 
products. In a Life Cycle Assessment (LCA) all 
stages of the product life cycle from raw material 
acquisition, through processing and use phase 
to the end-of-life treatment are investigated 
regarding potential adverse environmental 
impacts. Thus, a reasonable statement about 
the viability of the near net shape growth of 
plants, also in comparison to the conventional 
manufacturing process of corresponding 
components, from an environmental 
perspective is strived for. Bamboo and 
calabashes are used as test plants in the 
project. 

Activities in 2015 

So far, the total environmental impact of the 
production of a near net shape grown bamboo 
chair in Aachen, the production of a near net 
shape grown chair in China and import to 
Germany as well as a polypropylene chair were 
examined in a first life cycle assessment. First 
results indicate that the current state of the 
production in Aachen is worse than the two 
alternatives with respect to its environmental 
impacts. As hot spots, intensive watering of the 
plants and the use of plastic shapes for 
influencing the growth could be identified. 

Furthermore, work on the database began . In 
this context, the most important environmental 
aspects of such a material database were 
defined. The first plants were also integrated 
into the database to consider environmental 
aspects while selecting plants for technical 
applications.  

Outlook 

Currently, 
the LCA will 

be 
expanded 

by refining 
the data 

quality. 

Subsequen-tly, a second LCA is created based 
on the production of a near net shape grown 
chair in the next growing season. By comparing 
the two LCA results it can be recognized how 
the production process based on the identified 
hot spots has been developed regarding 
environmental impacts. Furthermore, a 
substantial part of the work in TEPHA is the 
integration of environmental data of as many 
plants as possible into the database. 

Realization 

Dipl. Gyml. Christoph Kämpfer (PhD thesis) 
Dr. Thomas-Benjamin Seiler 
Prof. Henner Hollert 

Funding 

Excellence Initiative of the German federal and 
state governments, grant no. OPBF091 

Cooperation Partners 

EMPAChair and Institute for Engineering 
Design (ikt), Chair of Structures and Structural 
Design (Trako), Institute of Botany and 
Molecular Genetics at RWTH Aachen 
University 
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Engineered silver nanoparticles in the system soil-
groundwater: mobility, effects on biocoenosis & interaction 

between hydro-, pedo- and biosphere (Nanomobil) 
(2014 - 2017)

Description of the Project 

Manufactured nanomaterials are used in a 
variety of industries and enter the environment 
via different pathways. Silver nanoparticles 
(AgNPs) are mainly applied in medicine, 
textiles, and cosmetics, because of their 
bactericidal effects. Little is known though about 
the environmental risks of AgNPs since their 
fate, behaviour, and effects remain largely 
unstudied. Nanomobil aims at studying the fate 
of AgNPs in the soil-groundwater system 
addressing their behaviour in the hydro-, pedo- 
and biosphere. To detect the AgNPs in different 
media, a major goal of Nanomobil is to develop 
a suitable analytical methodology. The Institute 
for Environmental Research focuses on the 
biosphere and investigates the interaction 
between AgNPs and the 
compartments soil, pore 
water, soil organisms, and 
groundwater. In soil column 
experiments, the distribution 
and transport of both 
surfactants stabilized and 
surface coated AgNPs are 
analysed. Effects of the 
nanomaterials to earthworms 
and springtails (soil 
inhabitants) as well as 
groundwater organisms are 
investigated and the uptake of AgNPs in the 
organisms is quantified. Furthermore, the 
influence of different earthworm species 
(epigaic vs. endogaic) on the distribution and 
transport of silver in soil is evaluated. These 
studies deliver a database for a field study in 
terrestrial model ecosystems (TME), in which 
effects on the biocoenosis are examined. The 
results of this project can be used in an 
environmental risk assessment of AgNPs. 

Activities in 2015 

Initially the effects of AgNPs to different 
terrestrial organisms (Eisenia fetida, Lumbricus 
terrestris and Folsomia candida) had been 
evaluated. This had taken place with the 14-day 
lethality test (earthworms) and the OECD 
guideline 232 (collembolans). Silver nitrate 
(AgNO3) served as a reference. The relevant 
effect concentrations (ECX) and the no 
observed effect concentrations (NOEC) for the 
different species and the two tested substances 
could have been detected. Furthermore, 
feeding experiments with the earthworms for  

 

assessing the maximal duration of the 
experiment without the addition of food had 
been performed. As a consequence, a space of 
2 weeks seemed to be uncritical. In view of 
future application of the AgNPs via sludge an 
avoidance test with the earthworms and sludge 
had been carried out. The behaviour of the 
organisms was definitely quantity-dependent. In 
addition, several steps for the evaluation of the 
method for the column experiments had been 
analysed. Thanks to the results, the first column 
experiment with the two different earthworm 
species and AgNPs had been started.  

Outlook 

Toxicity experiments with earthworms are 
planned for a better 
assessment of the quantity of 
sludge that can be used for 
the application of the AgNPs. 
The method of the application 
of sludge in the soil columns 
will be developed. More soil 
column experiments will 
follow. Furthermore, toxicity 
experiments with aquatic 
organisms and the AgNPs 
will be performed. 

Realization 

MSc. Eva Penssler (PhD thesis) 
Prof. Andreas Schäffer 
Dr. Martina Roß-Nickoll  
Dr. Hanna Maes 

Funding 

Federal Ministry of Education and Research, 
Germany (BMBF) 

Cooperation Partners 
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Non-extractable residue formation of an herbicide in soil 
(2014 - 2017)

Description of the Project 

Aim of this project is the investigation of non-
extractable residues (NER) of an herbicide in a 
soil (LUFA 2.2). It shall be clarified if the binding 
of the herbicide to soil matrix is of reversible or 
irreversible nature. Xenobiotic NER (parent or 
primary metabolites) are classified as either 
sorbed or entrapped within the soil organic 
matter (type I NER) or covalently bound (type II 
NER). Especially type I NER may comprise a 
higher environmental risk than residues of types 
II and type III, the latter 
derived from 
biodegradation to 
biogenic residues (e.g. 
amino acids, fatty acids 
etc.).  

The project is divided 
into two main parts. 
One is realized at Bio V 
(RWTH Aachen) 
focusing on the 
xenobiotic residues of 
the herbicide in the soil 
and the question whether these are type I or 
type II NER. At the UFZ Leipzig the formation of 
biogenic residues (type III) of the herbicide will 
be investigated in frame of another PhD project. 

Activities in 2015 

In the study so far, the 14C-labelled herbicide 
was applied on soil and until now incubated for 
15 months. It was investigated in which humic 
matter fractions (humin, humic acids, fulvic 
acids) of the soil the herbicide residues are 
located and if the molecules are bound to these 
fractions or are just strongly adsorbed or 
sequestered in the voids of the humic matter. 
For this, size exclusion chromatography was 
employed to analyse the fulvic acid fraction of 
the humic matter. It revealed that the major part 
of the radioactivity was still associated with 
molecules of the fulvic acids and only minor 
amounts of “free” residues were observed.  

Furthermore, soil was silylated. This process 
leads to a “masking” of functional groups in soil-
humus complexes (exchange of active 
hydrogens with trimethylsilyl groups) with the 
result that large humic matter associates, 
formed by H-bonding and other non-covalent 
interactions, are split into smaller humic matter 
units. This would release herbicide molecules 
that are only sequestered in the former macro-
molecular complexes. If the herbicide 
molecules are covalently bound to humic  

 

 

matter, the silylation process would not release 
them.  

Outlook 

To further investigate the type of binding of the 
herbicide to soil, a sequential chemical 
degradation will be executed. With this, it can be 
determined whether the herbicide is associated 
to soil through ester, ether or irreversible 
binding mechanisms.  

In a model experiment 
the possible binding 
mechanism will be 
examined: the 
herbicide will be 
incubated with 
guaiacol, a soil born 
phenolic compound, 
and the resulting 
reaction product will be 
structurally elucidated 
by MS and NMR. 

 

Realization 

MSc. Ann-Katrin Luks (PhD thesis) 
MSc. Thordis Zegarski (PhD thesis) 
Prof. Andreas Schäffer 

Funding 

This project is funded by BASF 

Cooperation Partners 

Dr. Anja Miltner, UFZ 
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Olfactory toxicity in zebrafish (Danio rerio) 
(2014 - 2017)

Description of the Project 

For fish, the olfactory system is of great 
importance as it mediates a variety of essential 
activities and behaviours, for instance food 
detection, kin recognition, homing, the predator 
response and mating habits. Consequently, an 
impairment of olfaction can affect individual fish 
as well as whole populations. The olfactory 
epithelium of fish is located in two pits, which 
are flooded constantly by the surrounding 
water. The olfactory receptor neurons, which 
are responsible for the detection of odorants, 
are situated within the olfactory epithelium and 
are only separated from the surrounding water 
by a thin layer of mucous. In such an exposed 
situation, dissolved xenobiotics can interact with 
them as easily as natural odorants do. 

In the last years some studies concerning the 
impact of xenobiotics on fish olfaction have 
shown that several metals and pesticides are 
able to influence the olfactory system of fish in 
environmentally relevant concentrations, but 
underlying mechanism predominantly still 
remain unknown. 
Therefore, the present 
study aims at 
understanding the toxic 
mechanisms, which 
lead to an impairment 
of olfaction by 
analysing various endpoints at different levels of 
biological organisation. Furthermore, suitable 
endpoints for the application in the risk 
assessment of chemicals are to be determined 
and evaluated. In accordance to the “3R” idea, 
aiming at the replacement, reduction and 
refinement of animal experiments another 
objective of this project is to investigate the 
suitability of zebrafish early life stages as 
alternative test organisms to adult fish. 

Activities in 2015 

As test substances the organophosphate 
chlorpyrifos and the pyrethroid permethrin are 
used. To start with, effect concentrations were 
determined via the fish embryo toxicity assay. In 
the following the ability of exposed zebrafish 
larvae to smell and react to a food stimulus was 
analysed using DanioVision, a system designed 
for high-throughput tracking of small organisms. 
In previous studies it was shown that zebrafish 
are able to detect certain amino acids and react 
to them with an increased swimming activity as 
early as 96 hours post fertilization. In contrast, 
we did not observe a reaction to the amino acids 
which differed from the one after application of 
fish water. 

 

In the following, changes in gene expression of 
both olfactory proteins such as the olfactory 
marker protein (OMP) and proteins related to 
oxidative stress, for instance peroxiredoxin 1 
(PRDX1) were investigated, in order to 
discriminate between specific olfactory toxicity 
and rather unspecific cytotoxic effects. 3 and 24 
h of exposure to permethrin had no effect on the 
expression of the proteins related to oxidative 
stress. The expression of two out of three 
olfactory receptor neuron types decreased 
slightly. Exposure to chlorpyrifos provoked a 
minor increase in the expression of oxidative 
stress proteins, which did not follow a dose-
response curve. Similarly, after 24 h exposure 
to chlorpyrifos the expression of two out of the 
three olfactory receptor neuron types showed a 
slight decline, which increases with rising 
substance concentration.  

Outlook 

Current tests aim to determine if chlorpyrifos or 
permethrin are able to 
induce apoptosis or 
necrosis in the olfactory 
epithelium. Therefore, 
4 days old zebrafish 
are exposed to either 
permethrin or 
chlorpyrifos for 3 h and 

subsequently TUNEL assays are conducted. 
Moreover, fish embryo toxicity tests are 
conducted with the herbicide linuron and 
cadmium in order to find suitable test 
concentrations for the subsequent gene 
expression studies and TUNEL assays. In the 
following year, gene expression for the 4 test 
substances will be measured in adult zebrafish 
to compare the data to the latter collected in 
larvae. Moreover, we will have a closer look on 
the impact of the xenobiotics on the signal 
transduction and the hormone response in adult 
zebrafish. 

Realization 

MSc. Sina Volz (PhD thesis) 
Dr. Sabrina Schwiy 
Prof. Henner Hollert 

Funding 

German Federal Environmental Foundation 
(DBU) through a personal PhD scholarship
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Direct and indirect long-term effects of invasive signal 
crayfish on native fish populations (2011- 2015) 

 

Description of the Project 

Alien species pose one of the biggest threats to 
biodiversity. A particularly negative example is 
the North American signal crayfish 
(Pacifastacus leniusculus), which has pushed 
native crayfish species of Europe to the verge 
of extinction by its rapid spread, ecologigal 
competition and transmission of diseases. What 
has been largely unclear so far are its effects on 
native fish species. 

The aim of this project project was to determine 
influences of signal crayfish on fish species – 
particularly on species that are of fishing and/or 
commercial interest like brown trout (Salmo 
trutta) and atlantic salmon (Salmo salar) - but on 
the entire ecosystem as well, since 
invertebrates and plants are an important factor 
for a healthy fish population. 

Indirect effects on fish populations were 
observed under field conditions with focus on 
the effects of crayfish on the ecosystem - in 
particular the quantity and quality of 
macrozoobenthos. Fish and crayfish 
populations were monitored by electrical fishing 
and crayfish trapping and the progress of the 
biological invasion was monitored in detail 
throughout the entire period of three years in 
two different streams. 

Direct behavioral effects of signal crayfish on 
salmonids were investigated in parallel under 
laboratory conditions. The influence of different 
crayfish densities on trout and salmon were 
recorded in basins under constant infrared 
camera surveillance. Competition for shelter 
and food as well as predation and stress 
reactions were investigated as possible 

negative influences on fish. In a further 
experimental phase, behavioral effects of the 
native noble crayfish (Astacus astacus) have 
been observed and compared in the same 
experimental setup.  

The field results have shown that signal crayfish 
effects on certain groups of invertebrates vary 
greatly throughout the year, but overall lead to 
severe reduction especially of the more 
common groups. This was also reflected in the 
fish population: Species, which prefer to feed on 
benthic invertebrates, decreased with 
increasing crayfish density. However, after 
three years of investigation, the invertebrate 
population showed signs of acclimatization with 
recovering numbers of certain groups but in 
different quantitative relations than they used to 
be. The fish population seemed to follow this 
trend with regrowing numbers towards the end 
of the study. It would appear that signal crayfish 
do influence the ecosystem stronger than native 
crayfish but that invertebrate and fish 
populations have the ability to adjust to the new 
omnivore in time. Differences between both 
streams examined lead to the conclusion that 
this acclimatization does not work the same way 
and at the same speed in even just slightly 
different water bodies, making it likely that it 
may not work at all under certain conditions. 

The investigation of direct effects under 
laboratory conditions revealed no effects of 
different densities of signal or noble crayfish on 
the growth rate of trout and salmon – probably 
due to the abundant food supply. Analysis of the 
videographic material on the other hand 
showed a clear competition for shelter between 
signal crayfish and trout, while the effect on 
salmon was significantly smaller.  

All in all, signal crayfish effects in invaded water 
bodies can be massive, but the ecosystem 
seems to have the ability to acclimate to the 
problem. However, certain groups of 
invertebrates can be lost in the process. 
Whether this might lead to resultant problems is 
yet to be determined. 

 

Realization 

Dipl Gym. Susanne Vaeßen  (PhD thesis) 
Prof. Dr. Henner Hollert 

Funding 

German Federal Environmental Foundation 
(Deutsche Bundesstiftung Umwelt; DBU)  
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Protein Interactions in the Signaling Cascade of the 
Arylhydrocarbon-Rezeptor after Chemical Exposure during 

Embryonic Development of the Zebrafish (Danio rerio) 
(2014 - 2017) 

 

Description of the Project 

The present study was designed subsequently 
to the joint research project DanTox, which 
investigated mechanism-specific endpoints 
indicative of the exposure to certain 
environmental pollutants. Some related findings 
pose new questions 
about molecular 
processes in the early 
development of the 
zebrafish. In order to 
clear up these processes 
the present investigation 
aims to examine the 
influence of particular 
environmentally relevant 
pollutants on the 
signaling pathway of the 
Ah-receptor during 
embryogenesis of the 
zebrafish. The receptor is an important protein 
in elimination and biotransformation of 
xenobiotics and hence in many cases 
responsible for their effect. By increasing the 
detailed knowledge on the interactions between 
the reaction-partners in this cascade 
international standard procedures like the “Fish 
Embryo Acute Toxicity test” (OECD 236) will 
receive a stronger basis and relevance in the 
field of chemical testing. In the name of raising 
the reliability of such test systems not 
considered as animal experiments, tests with 
adult individuals could be avoided completely in 
the future. 
To find out more in detail about the signaling 
pathway of the Ah-receptor we expose recently 
fertilized embryos of the zebrafish to certain 
substances (β-NF, PCB126, BaP) till a 
maximum age of 120 hpf. Every four hours the 
amount of mRNA of all proteins involved in the 
pathway (e.g. hsp90β, aip, arnt) and of certain 
biotransformation enzymes induced by the 
pathway (cyp1a, cyp1b, cyp1c1, cyp1c2 and the 
repressor of the Ah-receptor) is measured by 
qPCR. Furthermore we are going to measure 
protein expression and the activity of enzymes 
of interest.  
We expect to clear up the development of the 
cascade more in detail, to find temporal 
relations between activation of transcription and 
protein expression and to find certain 
dependences among the proteins.  

Activities in 2015 

We succeded to measure the level of 
transcription of all involved proteins at all time 
points after exposure towards PCB126 and 
β-NF. Especially all cyp-genes were highly 
affected by both applied substances. Data 

analysis revealed certain 
differences in their   

expression depending on 
the chemical and its 
properties. The time point 
of measurement was also 
crucial for evaluating the 
potency of the chemical as 
oscillating expression 
courses could be 
observed for some genes.  

Outlook 

Ongoing research will 
focus on exposing zebrafish embryos to further 
chemicals (BaP and another one to chose) and 
on protein expression to completely enlighten 
the mode of action of the investigated 
substances.  

Realization 

Dipl. Biol. Henriette Meyer-Alert (PhD thesis) 
Prof. Dr. Henner Hollert 

Funding 

German Federal Environmental 
Foundation (Deutsche 
Bundesstiftung Umwelt; DBU)  
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Healthy Aquatic Ecosystems – Holtemme - Integrative 
Project (IP) of the Helmholtz-Centre for Environmental 

Research 
(2014 - ongoing)

Description of the Project 

Aquatic ecosystems are effected by different 
stressors from different sources at the same 
time. This includes nutrients and environmental 
chemicals from urban, industrial and agricultural 
origin. Additionally, aquatic communities are 
stressed due to hydromorphological 
modifications of rivers and invasive species. 

Within the UFZ (Leipzig and 
Magdeburg, Germany) IP 
“Healthy Aquatic Ecosystems” the 
Holtemme River (Saxony-Anhalt, 
Germany), with its several point 
and diffuse sources of 
contaminants, is used as a case 
study to assess the impact of 
internal and external stressors to 
aquatic organisms and to identify 
toxic chemicals contributing to 
adverse effects on the ecosystem. 
The focus is on the chemical and 
effect-based analysis of waters, 
sediments and biota tissues. The 
investigations also cover 
community aspects of 
invertebrates and fish. 

To investigate effects in organisms of a high 
trophic level, under realistic exposure 
scenarios, and under consideration of the 
bioavailability of stressors in the water phase 
and foodchain, the Institute for Environmental 
Research at RWTH Aachen University 
contributes biomarker response analysis in wild 
fish (Brown trout) to the UFZ project. The 
investigated endpoints include genotoxicity, 
biotransformation enzyme activity, exposure to 
organophosphates (pesticides) and oxidative 
stress. 

In collaboration with the University of 
Saskatchewan, Canada, pollution induced 
effects in brown trout are assessed by using 
toxicogenomic techniques. 

 Activities in 2015 

The field work for the collection of blood and 
liver tissue samples of wild brown trout (Salmo 
trutta) was performed in October 2014. The 
sampling sites included a “reference site” and 
sites downstream of point sources and an 
agriculturally used area. In 2015 the samples 
were analysed in bioassays for micronucleus 
formation and 7-ethoxyresorufin-O-deethylase  

 

(EROD) induction. In the frame of the 
Alexander-von-Humboldt fellowship project of 
Mirna Velki, responses of the biomarkers 
glutathione-S-transferase (GST), 
carboxylesterase (CES), catalase (CAT) 
activity, formation of thiobarbituric acid reactive 
substances (TBARS) and 

acethylcholinesterase (AChE) 
activity were determined. 

At the University of Saskatchewan 
liver samples were utilized for the 
assessment of pollution-induced 
transcriptional changes and 
altered functional pathways. 

The contribution to the project 
resulted in a Bachelor thesis and 
results will be presented in a 
number of publications. 

Outlook 

Currently the strategy for further 
investigations at the Holtemme 
River is discussed. 

Realization 

MSc. Björn Deutschmann (PhD thesis) 
BSc. Nele Markert (MSc thesis) 
Dr. Mirna Velki 
Dr. Thomas-Benjamin Seiler 
Prof. Henner Hollert 

Funding 

The biomarker analysis, as part of the 
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the European Union’s Seventh Framework 
Programme for research, technological 
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no. 603437, and from the UFZ Magdeburg & 
Leipzig 

Cooperation partners 
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– UFZ (Leipzig and Magdeburg, Germany) 
University of Saskatchewan, Canada 
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Effect-based investigation of municipal waste waters 
(2015)

Description of the Project 

The project addresses the organic pollution of 
the sewer system of Stolberg, Germany, to 
evaluate environmental and human health risks. 
The City of Stolberg is an industrially influenced 
location with a long metal processing tradition. 
While the heavy metal pollution of different 
environmental compartments was extensively 
studied, data about organic contamination is 
scarce. Therefore, wastewater samples from 
the sewer systems and samples from the 
wastewater treatment plant Stolberg-Steinfurt, 
including sewage sludge samples, were 
selected with respect to important industrial 
dischargers. The prepared sample extracts 
were investigated using cell-based mechanism-
specific bioassays concerning endpoints like 
endocrine disruption, genotoxicity and dioxin-
like activity. Further-more the impact on the 
zebrafish as an important model organism in 
ecotoxicology was 
considered. 

Activities in 2015 

Polar and 
moderately 
hydrophobic 
extracts were 
prepared using 
solid phase 
extraction (water 
phase of the 
wastewater 
samples) and pressurized liquid extraction 
(sludge samples). Different mechanism-specific 
bioassays were conducted using the extracts in 
environmentally relevant concentrations. The 
endocrine disruption focused on the potential of 
pollutants activating the estrogenic and 
inhibiting the androgenic receptor (ER/AR), 
using two CALUX® methods. Except for the 
wastewater treatment plant effluent, all samples 
induced a dose-related increase in human ER 
activation. However, this relatively high 
estrogenic potential was within the scope of 
comparable wastewater studies. In addition, a 
good elimination of estrogenic substances from 
the water phase during the wastewater 
treatment processes was proven. A weak 
inhibition of the human AR was observed for a 
few samples. The genotoxic potential was 
investigated using the endpoints mutagenicity 
(Ames fluctuation assay) and structural 
chromosomal aberrations (micronucleus 
assay). The extracts of the water phase and the 
sludge samples were not found to be 
mutagenic, independent of the used tester  

 

strain (TA98, TA100) and the metabolic 
activation system (S9). Furthermore, the 
samples did not induce significant rates of 
micronuclei formation. The micro-EROD was 
conducted to evaluate the dioxin-like activity of 
the samples. No significant EROD induction 
was observed for the selected samples. Most 
sample extracts did not influence the 
embryogenesis of Danio rerio, as demonstrated 
by the acute fish embryo toxicity assay. 
However, some samples induced dose-related 
embryo mortality.  

Outlook 

As a first conclusion, the water phase does not 
seem to pose a high risk for the environment 
and human health, but important limitations 
have to be considered. As pollutants absorb to 
hydrophobic particles, the toxic potential of the 

particulate organic 
matter should be 
examined for a 

complete 
evaluation of the 
organic pollution 
of the wastewater 
system in 
Stolberg. Further 
investigations of 

additional 
sampling periods 
would improve the 

evaluation due to the high fluctuating character 
of waste waters. A potential concept in the 
context of water sampling is the enrichment of 
micropollutants using passive sampling 
devices. The future approaches and funding 
have yet to be discussed and decided. 

Realization 

BSc. Sarah Johann (MSc thesis) 
Fabian Distler (BSc thesis) 
Prof. Henner Hollert 
Dr. Thomas-Benjamin Seiler 

Funding 

Wasserverband Eifel-Rur (WVER) 
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Effect- based in vitro screening of whole blood to evaluate 
complex chemical mixture exposure of the endanger green 

turtle populations in the Great Barrier Reef  
(March - October 2015).

Description of the Project 

The globally endangered green turtle Chelonia 
mydas occurs in coastal and estuarine 
environments, where they are often exposed to 
a wide range of known and unknown chemicals. 
Common approaches using target analyses can 
only quantify selected contaminants and are ill 
suited for exposure assessment when complex 
mixtures may elicit effects on health and 
survival of marine wildlife species. Hence, a 
non- target screening approach to investigate 
and understand the combined effects of 
chemical mixtures becomes an important 
environmental assessment tool.  

Activities in 2015 

The objectives of this 
study was to validate 
and test the application 
of bioanalytical 
screening approaches 
using whole blood 
samples to investigate 
the exposure of green 
turtles to chemical 
mixtures from different habitats among the 
Great Barrier Reef.  

Blood samples were collected from turtles 
foraging in nearshore areas associated with 
agricultural activities (Upstart Bay), industrial 
sources and urban runoff (Cleveland Bay), and 
a relatively pristine offshore site (Howick Group 
of Islands = Howick Island). We used a recently 
developed method for non-targeted extraction 
of whole blood samples (QuEChERS, Baduel et 
al. 2015). Then, we applied a tiered 
bioanalytical screening approach and included 
a battery of in vitro bioassays (Microtox, AhR-
CAFLUX, BG1, AREc32 NfkB-bla, p53-bla).  

Overall, this study demonstrates that cell-based 
bioassays can be used to evaluate  

combined effects of chemicals in whole blood 
samples. The results indicate that green turtles 
from Great Barrier Reef are exposed to 
chemical mixtures that differ among foraging 
grounds.  

Although increasingly being explored, effect-
based screening of biological matrices is still in 
development. Using green turtles as a model for 
biota samples, this study is the first proof of  

 

concept for combining a non-selective 
extraction of whole blood with effect-based 
screening in in vitro bioassays to investigate 
exposure directly in organisms (transferable to 
other organisms), while the results 
complements instrumental chemical analyses 
and offers new opportunities to evaluate the 
overall toxic potency of the chemical mixtures 
that organisms such as green turtles exposed 
to, and their mode of actions. 

Realization 

BSc. Gülsah Dogruer (MSc thesis) 
Prof. Henner Hollert 

Funding 

Banrock Station Wines  

Cooperation Partners 

Prof. Caroline Gaus 
Dr. Janet Tang 
Dr. Ian Bell 
Christine Hof 
 

The present study is part of the interdisciplinary 
“Rivers to Reef to Turtle” project and lead by  
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Development of a method to extract chemicals from food 
for toxicity testing 

(April - September 2015) 

Description of the Project 

Environmental chemicals are known to be 
present in or on food, which may pose a 
potential risk to exposed consumers. Despite 
the progress in food monitoring over the last 
years, the strict conditions applied by high 
income countries are generally poorly 
implemented in developing countries. Low 
income countries in particular can 
suffer from the application of banned 
and toxic chemicals. There is an 
increasing awareness of the need to 
assess the biological effects of mixtures 
of contaminants potentially present in 
food, but few studies have applied in 
vitro bioassays for monitoring 
chemicals in food.  

The current study aimed to combine a 
simple extraction method, which can be 
applied by developing countries, with 
bioanalytical testing. Sensitive bioassays 
focusing on activation of the aryl hydrocarbon 
receptor (AhR-CAFLUX) and bacterial toxicity 
(BLT-screen assay) were applied to detect the 
presence of chemicals. AhR is typically used to 
detect dioxin-like compounds, but other 
compounds like pesticides can also activate the 
AhR. While BLT is not directly relevant for 
human health, bacterial toxicity assays are fast 
and sensitive tools. 

Activities in 2015 

This aim was achieved by determining an easy, 
cost effective and low solvent demand 
extraction method by comparing QuEChERS, 
accelerated solvent extraction and liquid-liquid 
extraction using high watery samples 
(tomatoes) and lipid rich samples (fish). 
Therefore, food extracts were spiked with basic 
pesticide mixture prior to LC-MS/MS to assess 
extraction efficiency. According to the results 
obtained, liquid-liquid extraction was selected 
as a suitable method for rudimentary 
laboratories as it was less laborious, less time 
consuming, required less solvent amount (total 
of 21 mL 1:1 mixture of ethyl acetate:hexane) 
and the solvent controls had minimal 
background toxicity.  

This method was applied for a variety of food 
extracts (fresh vs. canned tomatoes, washed 
vs. unwashed strawberries, organic vs. 
nonorganic apples, fish vs. minced meat, 
washing water of strawberries). Regarding 
extraction efficiency, liquid-liquid was more 
effective for high water content samples  

 

(strawberries, tomatoes) compared to fatty (fish, 
meat) and high fibre (apples) samples. The BLT 
was the most responsive assay for all food 
samples, among them the fresh tomato sample 
had the highest response. AhR was generally 
less responsive in all samples, whereas tomato 
samples gave the highest effect, strawberry 

washing water had the lowest response.  

Outlook 

Obtained results showed that a 
combination of simple extraction method 
and sensitive bioassays has the potential 
to be applied as an early warning system 
for screening of toxic contaminants in 
food, especially for developing countries. 
Further improvements need to be made 
regarding pesticide recovery of fatty 
samples. This study has been conducted 
within a 6-month project at Smart Water 

Research Centre, Australia. Results were 
presented at SETAC Europe Nantes, France, in 
May 2016 and the first paper has been 
submitted in 2016, extended with a new 
approach for food monitoring: the need to 
determine a bioassay trigger value to assess 
whether the bioassay responses in food are 
acceptable or not.  Using the example of AhR 
activation, bioanalytical equivalent 
concentration from chemical analysis (BEQchem) 
were calculated using the maximum residue 
levels (MRL) of chemicals in food and the 
relative effect potency (REP) of the regulated 
chemicals (collected from US ToxCast 
database). BEQbio values were significant lower 
than the calculated BEQchem values, indicating 
that the chemical levels are acceptable, at least 
based on MRL in Australia.  

Realization 

BSc. Kristyn Multer (MSc thesis) 
Prof. Henner Hollert 

Cooperation Partners  

Prof. Dr. Fred D. L. Leusch, Dr. Peta A. Neale 
(Smart Water Research Centre, Australian 
Rivers Institute, Griffith School of Environment, 
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Metal-fish 
(2015 - 2016)

Description of the Project 

The aim of this project is to investigate the 
effects of silver among other metals on the 
development and the gene expression of 
zebrafish (Danio rerio). Metals are important 
environmental pollutants as they are not 
degradable neither chemically nor biologically. 
It is known that exposition can cause severe 
damage in developing organisms. However, 
most of the underlying mechanisms of this 
toxicity are up to now unknown. To examine 
these mechanisms, fish embryo toxicity tests 
and microarray analysis are conducted with four 
different metals (silver, copper, cadmium, 
cobalt). The toxicity tests allow the 
determination of 
effect concentration 
values, which are 
used to define sub-
lethal concentrations 
for the microarray 
analysis. Data 
analysis of the 
microarray data in 
particular was a 
second focus of this 
project. Microarray 
data sets are often 
very large, very noisy 
and have few 
replicates. As these 
problems require specific statistics, the 
development and implementation of a statistical 
workflow to analyse and compare the data was 
a focus. The project is a cooperation between 
Fraunhofer Institute for Molecular Biology and 
Applied Ecology (IME) and our institute. 

Activities in 2015 

All of the practical work was done in 2015: First, 
dose-response relationship was investigated by 
conducting several fish-embryo-toxicity tests 
(FET) with exposure to silver nitrate (AgNO3). 
Results of the FET, especially effect-
concentrations (EC), were used to define the 
test concentrations for further microarray 
experiments. Microarray procedure was carried 
out with three different concentrations of AgNO3 
and one control sample each replicated four 
times. After the results of the microarray data, 
data analysis was carried out with two different 
software (GeneSpring and Bioconductor from 
the R software environment) and differences 
were examined. For further and detailed 
evaluation of microarray data the “limma” 
package out of the bioconductor project was 
used. 

 

Several steps of the data analysis workflow 
were explored in detail, such as background 
correction or normalization of microarray data. 
To reveal differential expression of single 
genes, linear models were used. Following the 
microarray data analysis, pathway-analysis was 
used to receive a functional analysis of 
individual genes and gene patterns, which 
seemed to be most interesting. For this 
purpose, the molecular network tool 
“Cytoscape” was used, including two plugins for 
functional analysis of gene expression data 
(ClueGO and CluePedia). In addition, a 
hypothetical dose-response relationship at 

gene level was 
investigated.  

Outlook 

In the next stages of 
the project, the data 
analysis of 
microarray data for 
silver will be 
completed. The next 
step will then be a 
comparison of the 
microarray results of 
different metals. This 
would give insights in 

metal-specific 
mechanisms as well as processes involved in 
toxicity of all methods. Additionally, it is planned 
to use all results in a heuristic approach that 
combines data-driven and knowledge-based 
methods for biomarker detection. 

Realization 

BSc. Daniel Koske (MSc thesis) 
MSc. Jonas Hausen (PhD thesis) 
MSc. Laura Sonnack (PhD thesis) 
Dr. Richard Ottermanns 
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Cooperation Partners 
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Neuroactivity assessment approach to elucidate the links 
between molecular events and behavioral alterations 

(2015 - 2016)

Description of the Project 

Neuroactive environmental contaminants can 
modulate neuronal function and cause 
neurotoxic effects in exposed invertebrate and 
vertebrate organisms. Impairment of the 
nervous system function or structure often leads 
to behavioural abnormalities on the individual 
level that can ultimately affect higher levels of 
biological 
organization. In this 
project, we 
investigate the 
neurotoxic and 
behavioural effects 
of environmentally 
relevant 
neuroactive 
pharmaceuticals on 
embryos and larvae 
of zebrafish Danio 
rerio. The main 
objective is to 
improve the 
understanding of 
links between 
molecular-level effects and behavioral 
outcomes. For that, embryos and larvae are 
exposed to different classes of neuroactive 
pharmaceuticals (venlafaxine, oxazepam and 
carbamazepine) following different exposure 
scenarios. After exposure, gene expression is 
evaluated through quantitative real-time reverse 
transcription PCR on total RNA from embryos 
and larvae. Additionally, different behavioural 
responses are investigated using video tracking 
system coupled with image analysis software. 

Activities concluded in 2015 

After a kick-off meeting held in August 2015, the 
final project planning and experimental design 
were defined. Initially, a literature review was 
performed aiming to provide an overview on the 
environmental relevance of neuroactive 
pharmaceuticals, their effects on fish behaviour 
and cellular or molecular levels; and related 
gene modulation. Following, primers were 
designed, tested and optmized  for a set of 
target genes considered as general or 
chemical-specific markers of of neurotoxicity or 
neuromodulation; plus reference genes. As a 
result, primers for a set of circa 20 target genes 
plus 6 reference genes were established. In 
addition, methods to assess behavioral 
responses were improved or implemented. 
Those included tests traditionally applied with 
early life stages such as photomotor responses  

 

and locomotion activity; but also methods that 
have only recently been applied to zebrafish 
early stages, like tests for thigmotaxis, touch 
escape response and light-dark preference. 
There are two MSc students developing their 
thesis within the project. The investigation of 
gene expression and behavioral modulation 

following exposure 
to the test 
compounds is 
currently being 
developed. 

Outlook 

Furter research 
will apply Next-

Generation 
Sequencing to 
investigate whole 

whole 
transcriptome 

analysis in 
selected exposure 
scenarios and 

compounds. Realization 

MSc. Carolina Di Paolo (PhD student) 
Prof. Henner Hollert 

Funding 

RWTH Aachen Excellence Initiative Dean’s 
Seed Fund (2015 grant) 
Ecotox Centre, Swiss Centre for Applied 
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Dr. Inge Werner (Ecotox Centre - Swiss Centre 
for Applied Ecotoxicology, Eawag-EPFL, 
Dübendorf, Switzerland)
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The social aspects in socio-ecological models and 
simulations of sustainability research 

(2015 - 2017) 

Description of the Project 

What would happen if a compulsory Vegetarian 
Day were introduced in German canteens? 
Would free public transport be profitable in cities 
if it were offset against the maintenance of 
ecosystem services? What measures for 
promoting sustainable consumption are likely to 
be adopted by which lifestyle environments and 
in what way? Answering these questions 
requires formalised models of socio-ecological 
systems to identify the potential of sustainable 
development and the basic ideas behind it. 
However, there are still doubts as to whether the 
characteristics of social systems are 
appropriately represented in current models 
and simulations. The working group’s objective 
is to stimulate a methodological discussion on 
the appropriate representation of social aspects 
in socio-
ecological 
models and 
simulations of 
sustainability 
research. This is 
based on the 
premise that 
social systems are included in a reflexive way in 
the relevant modelling approaches. Therefore, 
social systems in modelling approaches follow 
internal change measures and external steering 
impulses according to values, standardisations 
and role structures. 

Activities in 2015 

During a first working group meeting in Berlin 
the working group members presented their 
specific perspectives and discussed the matter 
from the viewpoint of different disciplines. 
Based on a first working paper possible theory-
based methods to select relevant case studies 
were evaluated. Fundamental terms, like 
“sustainable development” were defined and a 
first sketch for a model of social factors that may 
allow analysing the possibilities to influence 
meat consumption was presented. 

Outlook 

The working group assumes that formalised 
models of sustainability research are (a) ideally 
based on (true) assumptions that build on 
structures of socio-ecological systems and (b) 
can simulate system behaviour if (significant) 
data on relevant system structures and 
processes are available. The working group will 
also discuss whether knowledge of a specific 
socio-ecological system can be accommodated  

 

in this system, too. In the future, the working 
group approaches these issues in two ways: on 
the one hand, it is discussing how social 
aspects are currently included in socio-
ecological models and simulations of 
sustainability research. On the other hand, 
methodological criteria are being tested and 
defined using the specific example of meat 
consumption. Further working group meetings 

and a presentation at the 2nd German Future 
Earth Summit, 28.-29. January 2016 in Berlin 
are planned. 

Realization 

Dr. Richard Ottermanns 
Dr. Martina Roß-Nickoll 

Funding 
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Cooperation Partners 

Dr. Ronald Bialozyt (Nordwestdeutsche Forstliche 
Versuchsanstalt, Abteilung A: Waldwachstum, 
Sachgebiet Wachstumsmodellierung/Informatik) 
Dr. Jens Jetzkowitz (Helmut-Schmidt-Universität der 
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Institut für Sozialwissenschaften, Abteilung für 
Technik- und Umweltsoziologie) 
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Geographie und Geologie, Lehrstuhl für Angewandte 
Geographie und Nachhaltigkeitswissenschaft) 
Dr. Lieske Voget-Kleschin (Christian-Albrechts-
Universität zu Kiel, Philosophische Fakultät, 
Philosophisches Seminar; derzeit: 
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Landschaftsökologie, Professur für 
Umweltethik/Praktische Philosophie mit dem 
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CombiTox: Environmental Risks of Plant Protection 
Products between prognosis and reality 

(2015 - 2018)

Description of the Project 

The registration of plant protection products 
(PPP) in the European Union and its member 
states is based on the assessment of products 
containing only one single substance. It is 
assumed that the registered use pattern only 
will occur in the environment and therefore 
multiple exposures are no issue. The 
extrapolation to the real environmental risk 
according to the 
respective protection 
goal takes mainly place 
by using laboratory or 
higher-tier 
experimental data. In 
the field, complex 
exposure patterns 
(“treatment regimens”) 
trigger the risks for the 
environment due to 
sequential application of one PPP and practice 
of applying tank mixtures that result in 
overlapping degradation curves of the applied 
substances.  

The COMBITOX project investigates if the 
common tools of predicting mixture toxicity are 
valid not only for acute effect data but also for 
chronic endpoints from laboratory studies and 
for aggregated endpoints from multispecies 
studies. Realistic treatment regimens are 
intended to be deduced from the combination of 
common uses and their regional specificities as 
well as from the economy of plant protection. 
Generic, theoretical spraying sequences (from 
common agricultural practice) will be specified 
by real-world data provided by farmers. The 
prediction concepts can then be tested against 
these realistic treatment patterns. In the context 
of the COMBITOX project, we focus on the most 
significant cultures in Germany in terms of the 
cultivated area (cereals, oilseed rape, maize, 
sugar beet and on intensively treated cultures 
(vine, apples, hops). 

Activities in 2015 

Since the project started in November 2015, the 
activities were marked by intense discussions 
on the conceptual approach and first steps 
towards a good basis for exploratory analyses 
of the data at hand. It was started to screen the 
data provided by the Federal Environmental 
Agency of Germany and the open literature 
available. Several institutions were requested 
that hold information on real and realistic 

treatment regimens from which typical 
application patterns could be deduced. 

Outlook 

We expect the next year to be characterized by 
intense collection and evaluation of the data on 
terrestrial communities. We will compare all the 
models available regarding their suitability to 
predict mixture effects and recommend the 

most comprehensive 
tool and possible gaps 
of the same. The 
treatment regimens will 
be defined to be 
prepared for the 2017 
internal workshop on 
concrete risk 
assessment of 
mixtures. 
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PBT-assessment of ionic compounds 
(2015 - 2018)

Description of the Project 

For the protection of humans and the 
environment, the identification and regulation of 
chemicals with persistent (P), bioaccumulative 
(B) and toxic (T) properties are central elements 
within the environmental risk assessment. The 
persistence is the first criterion to be assessed 
prior to identifying substances with PBT-
properties and includes the investigation of 
abiotic and biotic degradation processes in 
surface water, soil or sediment. For the testing 
of surface water, soil or sediment simulation 
studies, standardized test guidelines of the 
OECD are available (OECD 307, 308 and 309). 

The criteria for the identification of PBT 
substances under the 
REACH regulation 
(Registration, 
Evaluation and 
Authorization of 
Chemicals) and the 
guidance for the PBT-
assessment have been 
developed for neutral 
organic molecules. 
Therefore, ionic and 
ionisable compounds 
cannot be evaluated 
yet by the methodical 
approaches of the PBT 
assessment as 
scientifically needed, 
although around 49% 
of a random selection 
of 1510 chemicals registered under REACH are 
partly or totally ionised under environmental pH 
conditions (Franco et al. 2010). 

Due to their chemical charge, ionic and 
ionisable substances behave differently in the 
environment. Interactions of ionisable sub-
stances with organic and mineral soil or 
sediment particles as well as microorganisms 
fundamentally change with the occurrence of 
positive or negative charges within the 
molecular structure of these compounds and 
often depend on the pH range of the 
compartment to be considered. 

Aim of the project is to investigate the influence 
of a chemical charge on the fate and 
degradation behaviour of organic substances in 
environmental compartments. In soil and 
sediment-water simulation tests according to 
OECD 307 and 308, the mineralization, 
metabolism and formation of non-extractable 
residues of anionic and cationic organic 
substances in comparison to structurally  

 

equivalent molecules without carrying a 
charged functional group will be investigated. 
On the basis of this experimental data, the 
methodical approaches for the assessment of 
persistency of ionic and ionisable compounds 
under REACH should be improved. 
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SIGN: SIno-German water supply Network 
(2015 - 2018)

Description of the Project 

The Sino-German research project SIGN will 
contribute towards improved water quality in the 
Taihu region close to Shanghai, China. The 
Taihu region is one of the most economically 
prospering areas of China. Furthermore, it 
belongs to the focus regions of the currently 
running Chinese Major Program of Science and 
Technology for Water Pollution Control and 
Governance 
demonstrating its high 
political importance. 

A powerful consortium 
of research facilities, 
companies and 
concerned 
stakeholders was built 
in order to successfully 
manage the 
challenging tasks of 
the SIGN project. The project consortium is 
working on both - the lake water itself serving as 
water resource and the drinking water for the 
adjacent megacities. Assuring the supply with 
good quality water needs to take the whole 
water cycle into account: 

- powerful sewer systems, 
- competent management of water 

resources, 
- adapted monitoring strategies, 
- capable water treatment processes, 
- efficient distribution of the drinking 

water. 

German water technologies and management 
concepts are specifically developed and 
adopted to accommodate Chinese boundary 
conditions. Scientific progress as well as 
practical applicability is ensured by the strong 
linkage between science and practice in 
Germany as well as in China. 

Activities in 2015 

Gaiac at RWTH Aachen University is part of two 
different work packages.  

Monitoring and Early Warning - Water quality 
monitoring focuses on the relevant water 
constituents in terms of drinking water 
production and ecosystem effects. In 2015, two 
sampling campaigns were performed in Taihu 
region. Biological tools are used to assess 
ecotoxicity on different trophic levels as well as 
mutagenic and endocrine effects. Key 
pollutants are selected for more effective water 
quality monitoring. 

 

 

Investigation and characterization of the 
decisive effects on algal growth as well as 
ecological modeling will contribute to more 
precise forecasts of algal blooms, which are 
needed to optimize abstraction and treatment of 
drinking water.  

Outlook 

The co-occurrence of 
eutrophication, harmful algal 
bloom, and chemical pollution 
is of great concern now in 
Taihu region. Particularly, the 
cross-talk between these water 
issues lead to the urgent 
requirement of comprehensive 
assessment of water quality 
and improved water treatment 
strategy. To this content, 
ecotoxicological evaluation will 

be combined with hybrid-modeling of lake 
processes to address the integrated ecological 
assessment and subsequently polish the water 
treatment. 

Realization 
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Plastic Noise in the Environment (with a specific focus on 
freshwater systems) 

(2015 - 2019) 

Description of the Project 

In Europe alone, the demand for plastics was 
estimated to be 47.8 million tons in 2014, which 
consists of two main types: plastics used for 
packaging of food and consumer items, and 
plastics used in the construction industry. 
Indiscriminate disposal places a huge burden 
on waste management systems, allowing 
plastic waste to enter ecosystems. The fate and 
consequences of macroplastics (> 5 mm) in 
oceanic and coastal environments have been 

documented over the last forty years. 
Environmental aging (i.e., UV-radiation and 
mechanical abrasion) will degrade large plastic 
debris into very micro-sized small pieces, 
referred to as microplastics (< 5 mm). Since 
their introduction in the published literature in 
2004, microplastics are found to be the most 
numerically abundant items of plastic debris in 
the ocean today. It has also been suggested 
that plastic particles in the < 100 nm size 
(referred to as “nanoplastics”) may be formed in 
the aquatic environment. 

Micro- and nanoplastics are of environmental 
concern because their size renders them 
accessible to aquatic organisms, with potential 
for bioaccumulation and physical harm. 
Microplastics have been verified to be ingested 
by many diverse organisms, such as mussel, 
turtles, and lug worms, which can also retain 
particles after ingestion. The ingested 
microplastics have the potential to be taken up 
by epithelial cells of the intestinal tract, and even 
translocate through the intestine wall to the 
circulatory system. 

It is very possible that microplastics may 
release toxic chemicals (monomers and 
potentially toxic additives such as plasticizers, 
flame retardants, and antimicrobial agents that 
are incorporated into plastics during 
manufacture) into organisms during digestion. It 
is clear that our understanding of the potential 
impacts of micro- and nanoplastics onto 
different kinds of life forms (cells, plants, fish, et  

 

al.) and even human beings, is in its infancy, 
leaving many questions to be answered: 

- Does significant micro- and nanoplastics 
bioaccumulation occur in the environment? 
If so, what species are most at risk? 

- Once ingested, does the uptake of micro- or 
nanoplastics really occur? Will they release 
toxic chemicals? If yes, at which rate? 

- Do micro- and nanoplastics cause toxic 
effects to organisms by themselves alone, 
or its “carrier” function plays an even more 
important role? 

Realization 
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The waste water ozonation demonstration project at the 
waste water treatment plant Aachen-Soers (DemO3AC) 

(2015 - 2019)

Description of the Project 

The DemO3AC-project aims to investigate the 
cleaning process of the treated waste water of 
the waste water treatment plant (WWTP) 
Aachen-Soers by the installation of an 
advanced cleaning step – the ozonation. This 
investigation is based on the fact that 
micropollutants are not sufficiently removed via 
secondary and tertiary cleaning processes. By 
that, they finally can be found in surface water 
and could cause adverse effects on aquatic 
biota. As a first step the status quo of the WWTP 
as well as of the River Wurm – the receiving 
stream of the WWTP Aachen-Soers – is 
investigated. It is aimed to improve the rivers 
water quality as well as to reduce the 
vulnerability of the water biocoenoses. For this 
purpose, in vitro bioassays, such as the MTT 
Assay for cytotoxic effects, the Micronucleus 
Assay for genotoxicity, the Ames Fluctuation 
Assay for mutagenic effects, the Yeast 
Estrogen Screen (YES) 
Assay and/or the ERα 
CALUX® Assay for 
endocrine effects as well 
as the H295R 
steroidogenesis assay 
are performed. 
Additionally, in vivo 
assays, such as the fish embryo toxicity assay 
with Danio rerio and the reproduction assay with 
Potamopyrgus antipodarum are carried out. 
Also, in situ evaluations are made with the 
freshwater shrimp Gammerus fossarum and 
juvenile rainbow trout Onchorynchus mykiss. 
For the investigation of the in vitro and in vivo 
assays water samples are taken four times 
during the first sampling period. Native as well 
as extracted samples via Oasis HLB cartridges 
are tested. After installation of the ozonation a 
next investigation step of the WWTP as well as 
of the receiving river will be performed. Further, 
the project aims to develop a testing strategy for 
the investigation of the WWTP and the River 
Wurm after the installation of the advanced 
cleaning step. 

Activities in 2015 

Until now, three samplings are conducted which 
are all extracted via Oasis HLB cartridges. All 
three native samples as well as the extracts are 
tested in the fish embryo toxicity assay. The 
river samples have shown no effects to the fish 
embryos and larvae after an incubation time of 
96 hours. Only the WWTP samples have shown 
high effects on the embryos. Especially the inlet  

 

leads to a mortality of 100 % in the two highest 
tested concentrations followed by several 
sublethal effects in the lower concentrations. 
Further the Ames fluctuation Assay, the MTT 
Assay and the ERα CALUX® Assay were 
carried out but the results are not yet evaluated. 
Two in situ evaluations with Gammerus 
fossarum were carried out but they are also not 
yet finally analysed.  

Outlook 

Within the project a last sampling period will 
take place in April 2016 before installing the 
advanced cleaning step at the WWTP Aachen 
Soers. Further the evaluation of the gained 
results will be done as well as the performance 
of the remaining bioassays for each sampling 
time. Additionally, the in situ evaluation of the 
River Wurm with Onchorynchus mykiss will be 
carried out during spring in 2016. After the 

evaluation of all results of 
the first sampling period 
an advanced evaluation 
strategy for waste water 
will be developed. This 
strategy will be used for 
the evaluation of the 
WWTP samples as well 

as for the river samples after the installation of 
the ozonation at the WWTP Aachen-Soers. 
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