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Preface

The book aims at interdisciplinary research between geosciences and biology with
major input from microbiology. The view on geoactive principles of bacteria and
fungi in soil comprises the ecological understanding of habitat formation as well as
modeling of matter fluxes. The combination of geological and biological method-
ology brings forward a general understanding of processes at the interfaces of the
microbial cell and the plant root at soil particles in specifically metal-contaminated
land. Since metal contamination is an increasing ecological and ecotoxicological
risk, the basic understanding of processes involved in metal mobilization as well as
sorption and mineralization are the key features for remediation actions in the field
of heavy metal-contaminated land management. This is also reflected in the grow-
ing interest in bio—geo-interactions by a number of new periodicals as well as study
courses, like biogeosciences, geomicrobiology, or geoecology.

Researchers and graduate students working in the field of biogeosciences and
ecology, consulting companies which now become aware of the potential lying in
the use of biology and look for biological means to manage schemes of soil
remediation, or small- and medium-sized enterprises involved in bioremediation
are the groups targeted with this book. We intended to provide state-of-the-art
knowledge of phytostabilization and phytoextraction for their use. Since many of
the sites in question are former mining sites, the federal and state governments
might be interested in finding new solutions to the risk management of heavy metal-
contaminated sites. For their use, specifically, the chapters on bioremediation or
phytoremediation were added.

The chapters of the book start from a general overview on contaminated soil with
a description of the role of physical, chemical, and biological compartments and
their interaction with organic and inorganic contaminants which is followed by an
introduction to biogeosciences in heavy metal-contaminated soils. After introdu-
cing the different mechanisms at play in the interactions of soil, microorganisms,
plants, and the water phase necessary to transfer metals to biological systems, the
mineralogy and geochemistry basics in assessing potential hazards at mining sites
are addressed.
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As mineralogy might also contain natural tracer elements for following process-
es between biotic and abiotic systems, rare earth elements are introduced as a means
to follow the patterns of distribution between bios and geos in acidic systems. The
direct impact of microorganisms on the substrate is specifically shown in an
example of geomicrobial manganese redox reactions for metal release from man-
ganese (hydr)oxides forming a biogeochemical barrier in a contaminated soil
substrate. A potential for microbially induced biomineralization to natural attenua-
tion is presented in the contaminated system at an abandoned mining site in
Sardinia. Biomineralization investigated, in particular, at post-mining area is dis-
cussed regarding its potential to reduce the bioavailability of toxic heavy metals
such as cadmium or lead. Since metal speciation plays a major role in element
behavior, uranium speciation is investigated in seepage water and pore water of
heavy metal-contaminated soil. In the context of uranium speciation and complex-
ation, sophisticated methods like time-resolved laser-induced fluorescence spec-
troscopy or X-ray absorption spectroscopy are explained as suitable tools to study
uranium in acidic and metal-rich waters.

The next chapters then move to plant—microbe interactions and their role in
sustaining plant growth at heavy metal-contaminated sites, with heavy metal
resistance of soil bacteria, the role of mycorrhiza in reforestation programs, and
the occurrence of adapted plants at historical copper spoil heaps in Austria. Occur-
rence and capabilities of heavy metal-resistant plant growth promoting bacteria
dwelling in the rhizosphere are presented with regard to bioaugmentation strategies.
The examination of natural vegetation on heavy metal rich soils is necessary to find
hyperaccumulator plants, which leads to the topic of phytoremediation of metal-
contaminated soils. One such example is the nickel hyperaccumulating plant
Alyssum bertolonii, which is presented as a model system for studying biogeochem-
ical interactions.

The role of soil organic matter on metal mobility as well as the influence of
symbiotic associations like different types of mycorrhiza for phytoremediation at
different sites is presented. Again, use of metal-resistant bacterial strains as inocula
for bioremediation of metal containing soils is presented. The investigation of
experiments at laboratory, lysimeter, and field scale leads to the final chapter in
which theoretical foundations of integrated modeling approaches in biogeochem-
istry are presented.

Different tools are discussed and a molecular understanding of dominant and
relevant processes in contaminated soils is introduced. The hydrogeology and
microbiology of former mining sites, specific microbial communities, and plant—
microbe interactions are described with respect to state-of-the-art research.

The presentation of this book within the soil biology series would not have been
possible without the help and collaboration of all our partners, specifically from
UMRELLA, to whom we are deeply indebted.

Jena, Germany Erika Kothe and Gotz Haferburg
Noida, Uttar Pradesh, India Ajit Varma
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