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9:45 – 10:00  Conference opening (Thorsten Schäfer and Erika Kothe) 

 

Session I (Chair: Dirk Merten, FSU Jena): (Rare) metals in biological interactions 

10:30 – 11:15 Katarzyna Turnau, Jagiellonian University in Kraków, Poland 

Antimony (Sb) detoxification by endophytic fungi isolated from industrial wastes 
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Antimony (Sb) detoxification by endophytic fungi isolated from industrial 

wastes 

K. Turnau1, M. Vaculík2,3, J. Paczkowska4 

1 
Institute of Environmental Sciences of the Jagiellonian University in Kraków, Gronostajowa 7, 30-387 Kraków, 

Poland 
2 

Department of Plant Physiology, Faculty of Natural Sciences, Comenius University in Bratislava, Ilkovičova 6, 

Mlynská dolina, 842 15, Bratislava, Slovakia 
3 

Institute of Botany, Plant Science and Biodiversity Centre of Slovak Academy of Sciences, Dúbravská cesta 9, 

845 23, Bratislava, Slovakia 
4 

Institute of Chemistry of the Jagiellonian University in Kraków, 30-387 Kraków, Poland 

 

Antimony (Sb) is a non-essential element with potentially toxic and carcinogenic effects on 

humans and other biotas [1]. The main sources of Sb represent mining and ore processing. 

Sb is used in industry as a hardener, flame retardant, and various plastic components. It 

occurs in nature together with arsenic [2][3]. The NAWA project APVV SK-PL-18-0078 aimed 

to isolate endophytic fungi and bacteria from Plantago lanceolata and P. major colonizing 

Sb-As industrial wastes close to Bratislava. The laboratory tests showed extremely high 

tolerance of fungal species in comparison to bacteria. We have decided to study the fungus 

strategy to deal with Sb. It is well documented that fungal microorganisms can be involved in 

biovolatilization, biosorption and bioaccumulation, modifying several toxic metals and 

metalloids [4][5][6]. Fungi isolated were studied using laboratory in vitro tests, SEM, FTIR 

and others. All of the isolated fungal strains used avoidance strategy, including production of 

oxalate crystals, entrapment of Sb within minerals and exopolysaccharides surrounding the 

fungal yeasts and mycelium. Although at the high concentration of Sb, the presence of 

bacteria alone was excluded, they were able to survive either within fungi or close to the 

mineral formed by fungi what suggest the importance of the fungi for bacterial survival and 

the adaptation to the extreme conditions by the inter-kingdom cooperation. 

 

[1] Tamás, M. J. (2016). Cellular and molecular mechanisms of antimony transport, toxicity and resistance. 

Environmental Chemistry 13(6), 955-962. 

[2] Filella, M., Belzile, N., and Chen, Y. (2002). Antimony in the environment: a review focused on natural 

waters: I. Occurrence." Earth-Science Reviews 57(1-2),125-176. 

[3] Li, J., Zheng, B., He, Y., Zhou, Y., Chen, X., Ruan, S., Yuan, Y., Dai, C., & Tang, L. (2018). Antimony 

contamination, consequences and removal techniques: a review. Ecotoxicology and Environmental Safety 156, 

125-134. 

[4] Urík, M., Čerňanský, S., Ševc, J., Šimonovičová, A., & Littera, P. (2007). Biovolatilization of arsenic by 

different fungal strains. Water, air, and soil pollution 186(1), 337-342. 

[5] Urík, M., Bujdoš, M., and Milová, B. (2014). Biologically induced mobilization of arsenic adsorbed onto 

amorphous ferric oxyhydroxides in aqueous solution during fungal cultivation. Water, Air, & Soil Pollution 

225(11), 1-6. 

[6] Chan, C.-Y., Chang, C.-H. and Tuan, H-Y. (2021). Synthesis of raspberry-like antimony-platinum (SbPt) 

nanoparticles as highly active electrocatalysts for hydrogen evolution reaction. Journal of Colloid and Interface 

Science 584, 729-737. 



Characterization of genes involved in the robustness of Tricholoma vaccinum 

ectomycorrhiza 

O. Abdulsalam1, K. Krause1, E. Kothe1 

1
Friedrich-Schiller-University Jena, Institute of Microbiology, Neugasse 25, 07743 Jena, Germany 

 

Microbes have been shown to aid the survival of plants especially in challenging 

environment such as sites contaminated with xenobiotics. Studies involving the molecular 

mechanism of these interactions have been on the increase in the last two decades as the 

molecular tools in biology become more available. Attention is being driven towards the use 

of ectomycorrhiza fungi in the treatment of contaminated waste lands, as it helps in the 

remediation of the sites while supporting the growth of host plants on the site, allowing for 

complete recovery of soil health. In this study, we therefore investigated phytohormones 

and the volatilome, with focus on geosmin, of the fungus T. vaccinum. Further we 

characterized the function of some genes that might be important for the robustness of the 

interaction between T. vaccinum and its plant host and genes important for the survivability 

of the fungi in challenging environment. We were able to predict function of these genes 

and proposed methods to make these fungi a super resource in reforestation. 

  



DOC and DON characterization in AMD-influenced waters in a short-rotation 

forestry field experiment 

S. Nettemann1, D. Mirgorodsky1, E. Kothe2 and T. Schäfer1 

1
Friedrich Schiller University Jena, Institute of Geosciences, Applied Geology, Burgweg 11, D-07747 Jena, 

Germany 
2
Friedrich Schiller University Jena, Institute of Microbiology, Microbial Communication, Neugasse 25, D-07743 

Jena, Germany 

 

Mobile organic and inorganic natural nanoparticles (NPs) are known to facilitate heavy metal 

(HM) and radionuclide (RN) transport in soils and groundwater systems [1]. The BMBF-

funded (Federal Ministry of Education and Research) project USER-II aims to optimize 

bioremediation strategies combined with bioenergy production on areas moderately 

contaminated with HM and RN. For this, the test field “Gessenwiese” was established at a 

former Uranium mining area near Ronneburg, Thuringia, Germany [2]. In 2016, birch, alder, 

and willow trees were planted within short-rotation forestry. Soil amendments such as 

inoculation with mycorrhiza and streptomyces and the addition of calciferous soil (rendzina) 

are tested and compared to control plots. The remediation efforts have led to an increase in 

soil pH and to a decrease in the fraction of mobile HM/RN in the soil material. In previous 

years, pore- and groundwater samples were analyzed regarding their contents of “dissolved” 

HM and RN, operationally defined as the <0.45 µm fraction. 

This work aims to characterize and quantify organic compounds and nitrogen species in the 

<0.45 µm fraction of porewater samples using a Liquid Chromatography - Organic Carbon 

Detection - (Organic) Nitrogen Detection system (LC-OCD-OND). Some of these fractions 

derived from LC-OCD-OND are known to exhibit colloidal characteristics [1]. Additionally, the 

concentration and size distribution of all present natural NPs were analyzed with 

Nanoparticle Tracking Analysis (NTA).  

First analyses show high variations in the concentration of organic carbon and nitrogen 

compounds, nitrate, and ammonium in the hydrogeological year. NTA results of porewater 

sampled during 2020 and 2021 revealed NP concentrations between 5E+06 ± 1E+06 

particles ml-1 and 2E+10 ± 7E+08 particles ml-1 and an average median hydrodynamic 

diameter of 145 ± 38 nm (n=136). These findings highlight the importance to further 

investigate the colloid-associated transport of HM and RN in this area. In future work, 

operational fractions derived from LC-OCD-OND will be analyzed with ICP-MS to elucidate 

specific HM or RN associations.  

[1] Kretzschmar, R. and Schäfer, T. (2005). Metal retention and transport on colloidal particles in the environment. 

Elements 1, (4), 205-210.  

[2] Grawunder, A., Lonschinski, M., Merten, D. and Büchel, G. (2009). Distribution and bonding of residual 

contamination in glacial sediments at the former uranium mining leaching heap of Gessen/Thuringia, Germany. 

Chemie der Erde-Geochemistry 69, 5-19. 

https://www.bmbf.de/en/index.html


Developing tools to re-mine (critical) raw materials: an investigation on Sb 

and base metal mine residues in Sardinia. 

G. De Giudici1, P. Paganin2, C. Alisi2, E. Dore1, D. Fancello1, D. Medas1, M. Rita Montereali2, S. 

Naitza1, A.R. Sprocati2, F. Tasso2 

1 
Department of Chemical and Geological Sciences, University of Cagliari, Cittadella Universitaria, Monserrato, 

09042, CA, Italy 
2 

ENEA, Territorial and Production Systems Sustainability Department, via Anguillarese 301, 00123 Rome, Italy 

 

Mine environments offer examples of extreme environment where biomineral processes 

often rule relevant mineral dissolution and precipitation. Historical mines, where 

environmental equilibria since have been perturbed since many decades, show evidence for 

environmental reaction to perturbation and resilience. In this work, we investigated 

biomineralization processes in some abandoned mines in Sardinia in order to learn how 

bacteria can act as natural and effective biometallurgist, isolate these bacteria and test in 

laboratory some of the most promising processes. In this work we present some of the first 

results of our investigation. 

A first survey was conducted on the riverbed of Rio Irvi (Montevecchio mine). In the 

riverbed, green pools and ochreous pools were investigated to characterize and isolate 

bacteria responsible for, respectively, peculiar sulfate-bearing green rust and amorphous 

Fe(III)-(oxy)hydroxides formation. Two different strains associated to ferrous and ferric iron 

were isolated. Pseudomonas fluorescens, responsible for green rust formation likely due to 

its capability to produce siderophores, was selected for experiment of bio-dissolution of 

amorphous Fe(III)-(oxy)hydroxides. First results indicate significative enhancement of iron 

dissolution far above the non-biologically mediated solubility limit.  

Moreover, we investigated the effectiveness of sulphate reducing bacteria isolated from Rio 

San Giorgio mine area (Iglesias SW Sardinia). In this case we conducted biologically mediated 

metal sulphide precipitation leading to a final metal concentration in waters below the 

regulation thresholds (Italian decree 152/2006). 

We also conducted biologically mediated dissolution of Sb from Su Suergiu (Villasalto, SE 

Sardinia) metallurgical slugs. In this case, the solubility of native Sb was not enhanced by the 

activity of Pseudomonas fluorescens. However, the solubility of native Sb was high enough 

to produce reach-Sb-solution. We are going to test SRB also to precipitate Sb sulphides and 

then recovery critical raw material in sustainable way.  



Combining bioremediation methods with bioenergy production at field scale 

D. Mirgorodsky1, S. Nettemann1, M. Riefenstahl1, D. Pietschmann2, D. Fürst2, K. Lenk2, J. 
Ziethe2, E. Kothe2, T. Schäfer1 

 
1
 Friedrich-Schiller-University Jena, Institute of Geosciences, Burgweg 11, 07749 Jena, Germany 

2
 Friedrich-Schiller-University Jena, Institute of Microbiology, Neugasse 25, 07743 Jena, Germany 

 

Soil and water pollution by heavy metals and radionuclides (HM/R) is a major concern in 

many areas of the world, influencing the health of local populations, the use of the natural 

resources and the environmental equilibrium. In particular, soil, surface water and 

groundwater are likely to get an important input in different of these persistent pollutants, 

compromising the biosphere including humans on large areas. Bare soil or heaps are 

furthermore more likely to erode through the action of wind and precipitation, causing an 

eluviation of soil parallel to a spreading of contaminants in the air and water phase. Even 

after remediation, low to medium contamination often still is present in soil and water.  

In this context, field scale investigations are applied to areas of moderate HM/R 

contaminated substrates at test sites near Ronneburg, to investigate phytoremediation 

strategies (USER-II-project, PTKA, FKZ 15S9417). Here, the main focuses lie on designing 

sustainable landscapes by reducing bioavailability of contaminants with carbonatic soil 

material (rendzina) and microbial amendments (VA-mycorrhiza, actinobacteria Streptomyces 

mirabilis P16-B1), as well as the production of renewable energy with metal tolerant plants 

within a short-rotation-coppice (SRC). In this connection, production of woody biomass with 

fast growing plants (Betula pendula, Sorbus aucuparia, Alnus, Pinus, Salix) in SRC provides a 

positive effect on biodiversity and erosion protection.  

Furthermore, quantification of biomass productivity and HM/R-transfer within the soil-plant-

water system are scopes of this project, and should lead to reduction in leaching of HM/R. 

Here, addition of calcareous topsoil leads to a reduction of Cd, Co, Ni, Zn and U 

concentration in soil, seepage water and seepage water loads, up to three orders of 

magnitude between 2016 and 2019.  

Additionally, plant growth could be monitored and determined with a high-resolution 

camera and laserscanning system installed on a microdrone on each test areas over the year 

period (2016-2019). This confirms the advantage of Alnus over Betula pendula (birch) and 

Salix (willow) in terms of height growth on soil-amended plots which could be verified by in-

situ data. 

  



Heavy metal resistant Streptomyces mirabilis P16B-1 induces precipitation of 
Ni-struvite in culture 

F. Costa1, E. Kothe1 

 

1
 Friedrich-Schiller-University Jena, Institute of Microbiology, Neugasse 25, 07743 Jena, Germany 

 

Biomineralization is a widespread process where (micro)organisms produce minerals. It has 

several biotechnological applications, including bioremediation of heavy metal-

contaminated sites. Streptomyces mirabilis P16B-1 was isolated from a former uranium 

mining site and tolerates extremely high concentration of heavy metals, specifically nickel. In 

culture, minerals produced by S. mirabilis P16B-1 were characterized and the mechanism of 

biomineralization was investigated. Minerals in standard media were identified as the 

magnesium mineral struvite by Raman spectroscopy. If the media contained nickel, a 

different Raman spectrum, green color and TEM-EDX identified Ni-struvite, previously 

identified with another strain obtained from the same site. Biomimetic synthesis of Ni-

struvite failed to replicate the precipitation of Ni-struvite using the cell-free supernatant of S. 

mirabilis P16B-1, which indicates the incorporation of nickel into struvite is dependent on 

the presence of the bacteria. This bacterium uses an efflux pump to tolerate toxic 

concentrations of nickel as a metal resistance mechanism, creating nickel supersaturation in 

the direct vicinity of the cells, which might be essential in nickel struvite precipitation. With 

respect to the wider distance from the cell, however, precipitation of Ni-struvite did not 

significantly decrease nickel concentrations, again hinting at a process bound to appear close 

to the bacterial surface. It would be interesting to see, whether this strain also produces 

struvite in its natural environment, where the availability of nutrients and ions is lower.  

  



Seasonal energy storage in aquifers – state of the art and potential 

M. Meisel1 

 
1
JENA-GEOS®-Ingenieurbüro GmbH, Saalbahnhofstraße 25c, 07743 Jena, Germany 

 

The seasonal offset of the heating and cooling supply in the energy sector can be 

compensated by using storage solutions. Aquifer storage is one possibility for seasonal 

storage and has come back into focus in recent years. In Germany, however, this technology 

is hardly widespread due to a lack of incentive programmes, partly insufficient knowledge 

and only a few existing pilot plants. It is intended to provide an overview of the technology 

and the plants available in Germany as well as the potentials. 

 

  



Bioremediation of a polymetallic, arsenic-dominated industrial effluent using 
Shewanella sp. O23S 

L. C. Staicu1, P. J. Wόjtowicz1, D. Baragaño2, M. Pόsfai3, Z. Molnár3, E. Ruiz-Agudo4, J. L. R. 
Gallego2 

1 
Faculty of Biology, University of Warsaw, Poland 

2 
Environmental Biogeochemistry & Raw Materials Group and INDUROT, University of Oviedo, Mieres, Spain 

3 
Research Institute of Biomolecular and Chemical Engineering, University of Pannonia, Veszprém, Hungary 

4 
Department of Mineralogy and Petrology, University of Granada, Spain 

 

The treatment of metal-laden industrial effluents by reverse osmosis is gaining in popularity 

worldwide due to its high performance. However, this process generates a polymetallic 

concentrate (retentate) stream in need of efficient post-treatment prior to environmental 

discharge. This paper [1] explores the bioremediation of a polymetallic retentate resulted 

from the treatment of mining waste streams using Shewanella sp. O23S. The effluent 

contains sulfate (~1.6 g L−1), bicarbonate (0.48 g L-1), and (µg L−1): As (2250), Mo (227), Se 

(165), Sb (172), and Zn (98). Other elements are in lower concentrations: (µg L−1): Ba (92), Fe 

(11), Ni (22), Mn (116), and U (21). The incubation of the retentate for 14 days under anoxic 

conditions (30°C, pH 7-8, static, dark) resulted in the following removal yields: As (8%), Co 

(11%), Mo (3%), Se (62%), Sb (30%), and Zn (40%). In a previous publication of our group [2], 

cysteine metabolism led to the removal of lead (Pb) as PbS biominerals. Thus, we tested the 

contribution of 1 mM cysteine to increasing the removal of elements, resulting in boosting 

the process performance as follows: As (27%), Co (80%), Mo (78%), Se (88%), Sb (83%), and 

Zn (90%). The contribution of cysteine as a source of H2S to enhancing the removal yield was 

confirmed by its addition after seven days of incubations initially lacking it. The removal of 

As might be via a respiratory strategy with the precipitation of As(III) as As2S3 (orpiment). In 

the case of Se, the cysteine-triggered higher yield might be attributed to a lower redox 

potential favorable to optimal anaerobic respiration [3]. Co, Mo, Sb and Zn could have been 

removed as cysteine-sourced sulfides.  

 
[1] Staicu L. C., Wojtowicz, P. J., Bargano, D., Posfai, M., Molnar, Z., Ruiz-Agudo, E., Gallego, J. L. Bioremediation 

of a polymetallic, arsenic dominated industrial effluent (submitted). 

[2] Staicu, L. C., Wojtowicz, P. J., Pósfai, M., Pekker, P., Goreck,i A., Jordan, F. L., Barton, L. L. (2020). PbS 

biomineralization using cysteine: Bacillus cereus and the sulfur rush. FEMS Microbiol Ecol 96(9), fiaa151. 

[3] Staicu, L. C., Barton, L. L. (2021). Selenium respiration in anaerobic bacteria: does energy generation pay 

off? J Inorg Biochem 222, 111509. 

 

  



Pollutant mobility affecting biogeochemical processes in flooded Wismut 

Uranium mines 

A. Kassahun1, O. Thronicker2, M. Trinkler3, N. Hoth4, T. Metschies1, M. P.1 

1 
Wismut GmbH, Jagdschänkenstraße 29, 09117 Chemnitz 

2 
Blue Biolabs GmbH, Magnusstraße 11, 12489 Berlin 

3 
Erz & Stein Gesellschaft für Lagerstätten und Rohstoffberatung bR, Talstraße 29, 09627 Bobritzsch 

4 
TU Bergakademie Freiberg, Institut für Bergbau und Spezialtiefbau, Zeunerstr. 1A, 09596 Freiberg 

 

Four of five flooded uranium mines in Wismut’s remediation responsibility pose potential 

pollution risks to adjacent water bodies. Mine water concentrations of uranium, arsenic, 

metals and salts exceed regulatory discharge limits and require mine water treatment for 

decades. As mine flooding proceeds, the concentration curves of e.g. uranium and arsenic in 

some mines deviate from an ideal, dilution based exponential decline. Assuming that mine 

water microbes play a significant role in mine water quality development, their presence and 

activity in the flooded mines were investigated by analysis of metabolites, isotopic 

signatures and DNA profiles. The results provide evidence of highly diverse microbial 

communities involving bacteria, fungi and archaea. From a multitude of possible metabolic 

activities, organic matter fermentation as well as sulphate and metal reduction have shown 

the highest importance for pollutant mobility so far. The interaction of organic matter 

mineralization and microbial sulphate reduction was confirmed during lab tests and from 

data evaluations of special mine water sampling campaigns. For the Ronneburg mine for 

example, DIC-δ13C and SO4-δ34S isotope data revealed microbial organic matter 

mineralization and its correlation to sulphate reduction. In anoxic batch tests, organic 

electron donors were added to mine water. Results for Schlema mine water illustrate the 

induced shift in bacterial community composition towards the dominance of fermenting and 

sulphate reducing bacteria. While CO2 and organic acid concentrations as well as sulphide 

concentrations and pH rose, Uranium concentrations and Redox potentials dropped. The 

formed precipitates consisted of calcite with collomorphic coatings, containing carbon, 

organic structures, microbes, uranium, iron and sulphur. While the 1:1 molar ratio of iron to 

sulphur within the coatings indicated iron sulphide formations, the molar ratio of uranium to 

iron sulphides equalled 1:4. Uranium immobilization was linked to biofilm and iron sulphide 

formation. Likewise, uranium and metal immobilization tests by stimulated sulphate 

reduction with Königstein mine water revealed the importance of biofilm formation on 

supporting mineral surfaces. In these tests, pollutant precipitates were detected in biofilms 

on silicate surfaces. The investigated biogeochemical processes are important for both the 

mine specific prediction of long-term pollutant concentrations of the flooded mines and for 

the evaluation of enhanced natural attenuation potentials for in-situ mine water treatment. 

  



Development of tree crops during in situ phytoremediation 

Kevin Lenk1, David Fürst1, Erika Kothe1 

1
 Friedrich-Schiller-University Jena, Institute of Microbiology, Neugasse 25, 07743 Jena, Germany 

 

The contamination of soils with metals and other toxic substances is a topic of increasing 

importance in the fields of research, industry and politics. Especially areas that were 

formerly influenced by mining activities are nowadays often heavily affected by metal 

contamination. Therefore, the development of tools and strategies to deal with such 

contamination issues is of great interest. One such tool is presented by the strategy of 

phytoremediation. In this case, a field scale experiment was established on a former 

uranium mining site in Ronneburg (eastern Thuringia). Tree crops, namely birch (Betula 

pendula), alder (Alnus incana) and willow (Salix triandra x viminalis) were planted in the 

form of short rotation coppice on an untreated control plot and two plots with addition of 

5% and 20% rendzina, a calcareous soil meant to increase pH and therefore decrease the 

bioavailability of metals. Furthermore, microbial interactions with mycorrhizal fungi and the 

heavy metal resistant actinomycete Streptomyces mirabilis P16-B1 were established in hope 

to increase the bioremediation properties of the trees. The field experiment was established 

in 2016 and is maintained till the present day. In December 2019 the biomass of the trees 

was harvested for the first time with alder as the leading biomass producer. In the second 

growth period, all trees changed from single stem plants to a more bosky growth. Biomass 

production was also much more distributed depending on soil pH and microbial interactions. 

  



Microbial growth and biomass deposition modelling at the pore scale: digital 

rock biology 

S. Sadeghnejad1,2, F. Enzmann3, M. Kersten3 

1 
Department of Petroleum

 
Engineering, Faculty of Chemical Engineering, Tarbiat Modares University 

2 
Alexander von Humboldt fellow at Johannes Gutenberg University, Mainz 

3 
Institute of Geosciences, Johannes Gutenberg University, Mainz 

 

Microbial activities are in the focus of interest in many subsurface studies, including 

contaminant hydrogeology, microbial enhance oil recovery, geo-methanation processes 

(e.g., in situ conversion of CO2/H2 to methane), and deep geothermal systems. Microbial 

growth and biomass/biofilm deposition in the subsurface influence the hydrodynamic 

properties of fluid flow through porous media. This phenomenon at the subsurface may 

result in bioclogging of fluid flow and reduction of rock permeability. Thus, evaluating the 

amount of clogging is essential. Microbial activities at the pore scale can be investigated by 

the digital rock biology (DRB) approach [1]. The two key paradigms of DRB are imaging and 

computing at the pore scale. This study incorporated the direct numerical simulation 

approach to investigate the spatial and temporal deposition of bacteria growth and biomass 

formation at the pore scale. The velocity field is determined by assuming an incompressible 

flow by solving the Navier-Stokes equation (i.e., Eulerian approach) in GeoDict 

(Math2Market). Bacteria are considered spherical particles, and their trajectory was tracked 

by solving the momentum balance equation (i.e., Lagrangian approach) considering both 

convection and diffusion terms. Bacteria particles touching the rock surface can be trapped 

and deposited when their velocity is comparable to the adhesion forces of the rock surface. 

We used various models to predict particle deposition. The developed code in Python 

enables us to simulate the biomass growth of deposited bacteria by changing the size of 

particles over time. The preliminary results show that microbial activities substantially 

influence fluid flow pathways and rock physical properties.  

 

[1] Sadeghnejad, S., Enzmann, F., & Kersten, M. (2021). Digital rock physics, chemistry, and biology: challenges 

and prospects of pore-scale modelling approaches. Applied Geochemistry, 105028. 


