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Professor Dr Tanja Schwerdtle studied chemistry and food 
chemistry at the University of Karlsruhe, where she received her 
doctorate. After research positions in Karlsruhe and at Technical 
University (TU) Berlin, she held professorships in food chemistry first 
at the University of Muenster and then at the University of Potsdam. 
Her scientific work includes research into metal compounds, and 
their beneficial and toxic effects on the human organism. Here, 
among others, she currently coordinates as spokesperson the DFG 
funded research unit TraceAge. Moreover, she has strong expertise 
and research interest in the area of in vitro based testing strategies, 
genotoxicity testing as well as exposure and effect biomarkers. 
Since 2007, she has been involved as expert in EFSA working 
groups, since 2015, she has been Member of the EFSA Panel for 
Contaminants in the Food Chain. Since 2020, she is the Vice 
President of the German Federal Institute for Risk Assessment (BfR) 
and holds a professorship in food toxicology at the University of 
Potsdam. 

Prof. Tanja Schwerdtle 

Title of the presentation: Toxicity of arsenic species: lessons learned from organisms, 
humans and the environment 

Arsenic (As) is classified by WHO as one of the chemicals of major public health concern. In the environment, arsenic 
occurs in both organic and inorganic forms. For the general population, diet is the primary source for As. In terrestrial 
foods and drinking water, inorganic As is the predominant As species, whereas fish and seafood contain predominantly 
organic As. 

Inorganic As is classified as human carcinogen owing to the increased incidence of cancer of the skin, lung, and urinary 
bladder observed in epidemiological studies primarily in population groups with elevated exposure to inorganic As via 
drinking water. 

Following the EFSA 2009 As assessment maximum levels have been laid down for inorganic As for several food items 
including rice (Commission Regulation (EC) No 1881/20064). However, due to the application of sulphate fertilisers in 
rice S-containing methylated As species are formed, which are neither toxicologically characterized nor regulated. 

Likewise for these recently identified S-containing As species, for most organic As species so far no risk characterization 
has been carried out. Organic lipid-soluble As species, so called arsenolipids, belong to the emerging As containing 
contaminants in fish and seafood. Overall, the studied endpoints so far show that arsenolipids exert a different toxicity 
as compared to inorganic As. In human cells As containing hydrocarbons exterted highest cellular toxicity, but in 
contrast to inorganic As no genotoxicity. Taken into account the investigations in nematodes (C. elegans), flies 
(Drosophila melanogaster) and mice, As containing hydrocarbons seem to be the most potent toxic arsenolipids studied 
so far. 

Overall, these studies indicate the need for a differentiated hazard identification and exposure assessment for all As 
species / sub groups to assess whether the respective As species / sub groups pose a risk to the environment and 
human health. 

ICOBTE & ICHMET 2023 11
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Fang-Jie Zhao is a Professor of Environmental Science at Nanjing 
Agricultural University, China. He received his PhD at Newcastle 
University, U.K. Prior to taking up the current position in China, he 
worked at Rothamsted Research, U.K. for over 20 years, progressing 
from Higher Scientific Officer to Senior Principal Research Scientist. 
His research focuses on the biogeochemistry of essential trace 
elements and toxic metals/metalloids in soil-plant systems, 
molecular mechanisms of trace element uptake by plants, 
biofortification of essential micronutrients and bioremediation of 
contaminated soils. His research group adopts a multidisciplinary 
approach, employing research tools and methodologies in 
environmental chemistry, soil microbiology, plant genetics and 
molecular biology. His research goal is to enhance essential 
micronutrients and minimize toxic metals/metalloids in food crops 
for the benefit of human health and agricultural sustainability. He 
has co-authored two books and published over 360 peer-reviewed 
journal papers, which have been cited >38,000 times (H index = 
110). He is a Highly Cited Researcher by Clarivate Analytics (2017 - 
2021). 

Prof. Fang-Jie Zhao 

Title of the presentation: Cadmium biogeochemistry in paddy soils and strategies to 
reduce Cd accumulation in rice 

Rice is a staple food for about half of the global population, for whom rice is also a major dietary source of the toxic 
trace metal cadmium (Cd). Contamination of paddy soils with Cd is a common problem in some areas of Asian countries, 
resulting in elevated intake of Cd and significant health risk for the local residents. It is therefore imperative to develop 
strategies to limit Cd accumulation in rice. The concentration of Cd in rice grain varies widely, from below the detection 
limits to several mg/kg. This wide variation is caused by the variations in the level of Cd contamination in the soil, soil 
properties and biogeochemical processes that affect Cd availability to plants, and the genetics that govern the uptake 
and distribution of Cd in rice plants. Paddy soil undergoes episodic flooding-draining cycles during the rice growing 
season, leading to wide fluctuations in the redox potential, a key factor controlling Cd availability in the soil.  Cadmium 
availability decreases rapidly under anoxic conditions due the formation of insoluble cadmium sulphide; this process is 
reversed when paddy water is drained. The rate of cadmium remobilization after drainage of paddy water is controlled 
by factors such as the voltaic cell effect, production of free radicals, and pH-dependent sorption processes. These 
processes can be controlled to slow down the remobilization of Cd after drainage. There are large variations in Cd 
accumulation among different rice cultivars; the genetics underlying some of these variations have been elucidated in 
recent years. Several membrane transporters play important roles in the uptake, sequestration and distribution of Cd in 
rice plants, which are targets for manipulations to limit Cd accumulation in the grain. This knowledge has been used to 
enable breeding of ultra-low Cd accumulating rice cultivars. 

ICOBTE & ICHMET 2023 12
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DONALD L. SPARKS is the Unidel S. Hallock du Pont Chair and 
Francis Alison Professor at the University of Delaware. He is 
internationally recognized for his research in the areas of kinetics 
of biogeochemical processes and surface chemistry of natural 
materials. His research has focused on fate and transport of trace 
metals in soil and water, soil remediation, water quality, and carbon 
sequestration in soils. He is the author of two textbooks, 12 edited 
books, and 360 refereed papers and book chapters.  Dr. Sparks is a 
fellow of five scientific societies, and he has been the recipient of 
major awards and lectureships including the Geochemistry Medal 
from the American Chemical Society, the Liebig Medal from the 
International Union of Soil Sciences,  Pioneer in Clay Science award 
from the Clay Minerals Society, an Einstein Professorship from the 
Chinese Academy of Sciences and the Philippe Duchaufour Medal 
from the European Geosciences Union.  Dr. Sparks served as 
president of the Soil Science Society of America and the 
International Union of Soil Sciences and as chair of the U.S. 
National Academy of Sciences (NAS) Committee for Soil Sciences. 

Prof. Donald L. Sparks 

Title of the presentation: Environmental Change Impacts on the Fate and Speciation of 
Metal(loid)s in Soil and Water 

Environmental change, particularly the impact of climate change, is having a profound impact on humankind. Rising 
seas and temperatures, as well as other extreme events such as flooding, droughts, and fire,  will increasingly impact 
the biogeochemical cycling of metal(loid)s in terrestrial and aquatic environments. The impact of these extreme events 
on redox active metal(loid)s e.g., As and Cr, play a significant role in controlling their fate and speciation in the 
environment. However, how the mechanistic processes will be impacted in our changing climate is not well understood. 
Employment of advanced analytical tools over a range of spatial and temporal scales could provide useful insights. 
Therefore, in this presentation, three field sites, in which the soils are heavily contaminated with As and Cr, will be 
featured  to show how intensity of flooding, redox, and salinity affect the fate and speciation of the elements. 

ICOBTE & ICHMET 2023 13
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Full professor – Free University of Brussels (Université libre de 
Bruxelles), Belgium. Interest in the regulation of nutrition in plants, 
and their adaptation to extreme environments 

Prof. Nathalie Verbruggen 

Title of the presentation: Cadmium tolerance and detoxification in plants: what can we 
learn from Arabidopsis halleri? 

Cadmium is one of the most toxic trace metals for living organisms and the highest concentrations have been found in 
plant cells. Cadmium accumulation in the environment is recognized as a worldwide concern. The accumulation pathway 
of cadmium in plants is crucial for phytoremediation applications, but also in breeding programmes to limit its 
consumption by crops. However, the different mechanisms used by Cd to enter, be transported and detoxified in plants 
remain unclear. In this presentation, the contributions made through the studies on Arabidopsis halleri will be outlined. 

Arabidopsis halleri is a diploid perennial , self incompatible, and close relative to the plant model Arabidopsis thaliana. 
Arabidopsis halleri is considered as a model species for the study of metal homeostasis and detoxification. The species 
seems to constitutively hyperaccumulate zinc while cadmium accumulation is more variable. Some populations do 
however accumulate cadmium while others accumulate much less than A. thaliana. 

A.halleri is a pseudometallophyte, able to grow on metal contaminated or non-contaminated soils. In Europe the species 
is distributed in several genetic units within which metallicolous populations seem to have been established from 
metallicolous populations. The comparative study of populations showed different mechanisms of cadmium 
detoxification but a genetic determinant of cadmium tolerance and accumulation that looks common. 

In the presentation, contributions made to the understanding of cadmium accumulation and detoxification through 
studies on Arabidospis halleri will be outlined. 
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Dr. Mak Saito is a Senior Scientist in the Marine Chemistry and 
Geochemistry Department of the Woods Hole Oceanographic 
Institution (WHOI) in Massachusetts USA. He received his PhD from 
the Massachusetts Institute of Technology-WHOI Joint Program 
and did postdoctoral research at Princeton University. For over 
twenty years the Saito laboratory has studied the biogeochemical 
cycling of metals in marine environments from Antarctica to the 
Arctic Ocean, including the metals Co, Fe, Zn, Mn, Ni, and Cu, 
applying analytical chemistry and proteomics techniques to 
unravel the interactions between life and metals in the oceans. 

Prof. Mak Saito 

Title of the presentation: Marine biogeochemical cycling of bioactive metals from the 
Arctic to the Antarctic: A sea of change 

Metals in the oceans have critical nutritional roles that intersect directly with the global carbon cycle. In recent years the 
global GEOTRACES sampling program has broadened our understanding of the distributions and processes of 
numerous trace elements. Human induced climate change is also affecting the distributions of these elements largely 
through changes in fluxes of metals from continental sources. Cobalt and zinc are extremely scarce yet critical 
micronutrients in the marine environment. Cobalt is used in vitamin B12 and both elements can be used in key enzymes 
such as carbonic anhydrase and alkaline phosphatase. Recent observations from the high latitudes reveal that Arctic 
and Southern Ocean cobalt inventories are changing. Moreover, incubation and metaproteomic analyses reveal the 
influence micronutrients on ocean microbial communities. For example, zinc and (cobalt-containing) vitamin B12 can 
be limiting of marine photosynthesis in Southern Ocean environments. These results will be discussed as well as 
perspectives on other potential environmental changes and resultant observational priorities. 
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Jurate Kumpiene, Professor at Luleå University of Technology, 
Sweden, is actively engaged in research and education in 
environmental engineering. She has ca 20 years experience in 
research and innovation in the area of soil remediation with 
particular focus on immobilization of soil contaminants and 
assessment of residual risks in remediated soil. In 2022, Kumpiene’s 
research on soil remediation has been selected by the Royal 
Swedish Academy of Engineering Sciences (IVA) to the year's list of 
top national research projects with the focus on technology in the 
service of humanity. 

Prof. Jurate Kumpiene 

Immobilization of metal(loid)s (also so-called trace elements, TE) and hence reduction of their mobility and 
bioavailability, can be achieved by changing TE chemical state using soil amendments that can promote TE precipitation, 
sorption, and complexation as well as the build-up of new minerals. Iron (Fe) and Fe-containing materials are often 
considered as suitable soil amendments to reduce TE mobility, bioavailability, and thus risks to human health and the 
environment. The treatment efficiencies can reach up to 99% in terms of reduced leaching of TE. Nevertheless, the 
question that has commonly been asked concerns not the immediate treatment success, but its long-term effectiveness.  

An overview of studies where Fe amendments were used for soil stabilisation will be presented, focusing on field-scale 
studies, their duration and methods applied for the evaluation of the treatment success. Analysis of the documented 
research approaches to produce evidence on the long-term treatment success will be performed and presented during 
the conference. 

ICOBTE & ICHMET 2023 

Title of the presentation: Remediation of contaminated soil: How far have we gone – 

and are we on the right path?
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Prof. Liu's is the distinguished professor at the Dept. of Soil and 
Environmental Sciences in National Chung Hsing University, 
Taiwan. She received her PhD degree from the Dept. of Soil Science 
in North Carolina State University. Her professional expertise is in 
the field of biogeochemistry, environmental soil chemistry, 
analyses of trace-level contaminants, and molecular speciation of 
elements. She has worked in the field of synchrotron-based 
analysis including X-ray absorption spectroscopy, transmission X-
ray microscopy, and X-ray diffraction for over 20 years. She has 
gained the synchrotron-related experience from the National 
Synchrotron Radiation Research Center in Taiwan, the SPring-8 in 
Japan, the Brookhaven National Laboratory, the Agronne National 
Laboratory, and the SLAC National Accelerator Laboratory in the 
United States. Her work has significantly contributed to the 
development of the molecular mechanisms for biogeochemical 
cycling of elements. 

Prof. Enzo Lombi 

ICOBTE & ICHMET 2023 

Prof. Yu Ting Liu 

Enzo Lombi holds the Barbara Hardy Chair in Environmental 
Science and Engineering at the Future Industries Institute, 
University of South Australia. His major research interests relate 
to the biogeochemistry of trace elements and nutrients in the 
environment. Enzo received his PhD in environmental chemistry 
from the Catholic University (Italy) and held positions at BOKU 
(Vienna), Rothamsted Research (UK), CSIRO and the University 
of Copenhagen before starting at the University of South 
Australia in 2009. 

Title of the presentation: Developing high throughput 
techniques using X-ray fluorescence microscopy

 

Title of the presentation: Metal Detoxification Using 
Thermoacidophilic Cyanidiales: Development of Novel 
and Green Biomaterials for Metal Remediation 
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Erik Smolders is environmental chemist with expertise in soil 
science and environmental toxicology. He is full professor at the 
Katholieke Universiteit Leuven, Belgium. His research focuses on 
bioavailability of contaminants and plant nutrients in soils and 
water. 

Prof. Worachart Wisawapipat 

ICOBTE & ICHMET 2023 

Prof. Erik Smolders 

Worachart Wisawapipat is an Associate Professor of Soil 
Chemistry and Biogeochemistry at the Department of Soil 
Science, Kasetsart University. His research group involves the 
biogeochemical cycling of nutrient (e.g., P, Si, and Zn) and toxic 
(e.g., As) elements in soil-plant systems. Worachart received his 
Ph.D. in soil science from Kasetsart University and had postdoc 
research experience in soil chemistry at ETH Zürich. Currently, 
his research interest focuses on the speciation of P and Si in soil 
and the mitigation of As in soil-rice systems.   

Title of the presentation: Speciation of silicon in tropical 
agricultural soils using X‐ray absorption spectroscopy 

Title of the presentation: Managing cadmium in 
agricultural land, from rock‐P mines to fork 
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Dr. Antony van der Ent is plant ecophysiologist and biogeochemist 
whose research focuses on the biopathways of trace elements in 
soil and plant systems. My research concentrates on 
hyperaccumulator plants and the use of advanced analytical 
techniques based on X-rays for characterising the in situ metallome 
of plants. My research bridges systematics, ecology and physiology 
of plants and is highly collaborative in nature. The knowledge and 
outcomes generated by my research have important applications 
in the use of hyperaccumulator plants in phytotechnologies, 
including phytoextraction and agromining, and an array of diverse 
potential new applications across human and animal health and 
agriculture. 

Prof. Ana Assunção 

ICOBTE & ICHMET 2023 

Dr. Antony van der Ent 

Ana Assunção is Associate Professor at the Department of Plant 
and Environmental Sciences, University of Copenhagen, and 
researcher at CIBIO-InBIO, University of Porto. Her group studies 
the micronutrient zinc (Zn) deficiency response in plants and its 
transcriptional regulation, anchored in F-bZIP transcription 
factors. She investigates the molecular mechanisms underlying 
the F-bZIP regulatory network, including the Zn-sensor function 
of F-bZIP transcription factors, and the role of F-bZIP target 
genes in the Zn deficiency response. She also studies how to 
modulate the activity of F-bZIP transcription factors to improve 
Zn accumulation and use-efficiency in crop plant species..   
Title of the presentation: Dealing with too little: the Zinc 
Deficiency Response in land plants 

Title of the presentation: X-ray fluorescence microscopy 
for unravelling the secrets of hyperaccumulator plants 
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Dario Omanović's research area is analytical chemistry and 
biogeochemical cycling of trace metals in the coastal environment. 
The focus is on the development and improvement of 
voltammetric methods for the analysis and speciation of trace 
metals, especially their interaction with natural organic matter. 
Automation of voltammetric analyses and advanced data 
processing with various software tools is an additional aspect of his 
research (https://sites.google.com/site/daromasoft/). 

Prof. Meththika Vithanage 

ICOBTE & ICHMET 2023 

Dr. Dario Omanović 

Meththika Vithanage is a Professor in Natural Resources and the 
founding director at the Ecosphere Resilience Research Centre, 
University of Sri Jayewardenepura, Sri Lanka. She is now serving 
as an Adjunct Professor in the University of Western Australia, 
UPES, India and National Institute of Fundamental Studies, Sri 
Lanka. 

Her name was listed as a Highly Cited Researcher – 2021 by 
Clarivate. The prestigious Fayzah M. Al-Kharafi award from The 
World Academy of Science (TWAS) in 2020 was awarded to her. 
She has received Presidential Awards for Scientific Publications 
for 10 years. Further, she was listed as Top 2% of the most cited 
scientists across various disciplines globally in 2017, 2019, 2020 
and 2021. She has contributed over 225 Science Citation 
Indexed journal articles, over 40 book chapters and 4 co-edited 
books published by Elsevier Inc. Her citation record is over to 
15000 with an H index of 60. 

Title of the presentation: New Approaches in 
Remediation of Toxic Trace Metal Contaminated 
Sediments

 

Title of the presentation: Impact of climate change on 
biogeochemistry of trace metals in coastal ecosystems 
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Michael Komárek is currently a Full Professor, Head of the 
Department of Environmental Geosciences at the Czech University 
of Life Sciences Prague. He specializes in the field of environmental, 
soil and isotope geochemistry, specifically in adsorption and 
geochemical modeling, stabilization of contaminants etc. He 
obtained his Master’s degree in Environmental Geology in 2003 
and his Ph.D. in 2007. He acted as a visiting scientist at the 
University of Limoges (France). In 2012, he was awarded a Fulbright 
Fellowship to Western Michigan University (USA). In 2022, he 
belonged to 2% of the most cited scientists worldwide according 
to the Stanford University and Elsevier Global Ranking. 

Prof. Heileen Hsu-Kim 

ICOBTE & ICHMET 2023 

Prof. Michael Komárek 

Dr. Heileen (Helen) Hsu-Kim is a Professor of Civil & 
Environmental Engineering at Duke University in North Carolina, 
USA. Prior to joining the Duke faculty, Dr. Hsu-Kim completed 
her B.S. degree in Environmental Engineering at MIT, and 
M.S./Ph.D. degrees in Environmental Engineering at UC-
Berkeley. Dr. Hsu-Kim’s research and expertise focuses on trace 
metals and their biogeochemical transformations in 
environmental systems. Her current research includes the study 
of separation processes to recover rare earth elements from 
coal-based wastes, assessments of mercury pollution and 
biogeochemical cycling, evaluations of human health and 
ecosystem impacts of artisanal gold mining in Latin America, 
and new methods to quantify personal exposures to toxic 
chemicals in the indoor environment. 

Title of the presentation: Recovery of Rare Earth 
Elements from Acid Mine Drainage by Supported Liquid 
Membrane Separations 

Title of the presentation: Nano zerovalent iron particles for soil 
remediation: Potentials and drawbacks  
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Andrea G. Bravo leads an interdisciplinary, competitive and 
innovative research group at the institute of marine sciences 
focussing on the biogeochemistry of pollutants in aquatic and 
terrestrial ecosystems, with particular emphasis on the highly toxic 
mercury and the factors determining the formation of its organic 
form methylmercury, which bioaccumulated and biomagnifies in 
aquatic food webs. Along her predoc (Univ. of Geneva) and 
extensive postdocs in Sweden (Uppsala and Umeå Univ.), she has 
applied novel approaches combining the most recent advances in 
biogeochemistry, microbiology and analytical chemistry to 
challenge existing paradigms and build a deeper understanding of 
mercury cycling in the environment. 

Prof. Jerry Lin 

ICOBTE & ICHMET 2023 

Dr. Andrea G. Bravo 

Jerry Lin is Associate Provost for Research and Professor of 
Environmental Engineering at Lamar University, Beaumont, TX, 
USA. His work focuses on the biogeochemical cycling of 
mercury, particularly in the fate and transport, air-surface 
exchange and deposition of atmospheric mercury. Dr. Lin served 
as a member in the USEPA Science Advisory Board, and has 
assisted in the technical analysis on Clean Air Mercury Rules, 
Occupational Mercury Exposure Assessment and Mercury and 
Air Toxics Standards for Power Plants in the US. Currently he is a 
member of the science team that informs Effectiveness 
Evaluation of the UN’s Minamata Convention on Mercury. 

Title of the presentation: A state-of-the-science synthesis 
on air-surface exchange of atmospheric mercury 

Title of the presentation: Microorganisms involved in 
methylmercury degradation and mercury reduction are 
globally distributed and active in the ocean  
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Dr. White holds the John and Catherine Day Professor of 
Oceanography & Coastal Sciences at Louisiana State University, 
Baton Rouge, LA USA and he serves as the Associate Dean of 
Research. Dr. White is a wetland and aquatic biogeochemist who 
has been studying the transformations of nutrients and 
contaminants in the soil:water:plant system for almost 30 years. He 
is a fellow of the Soil Science Society of America, serves on the 
Board of Scientific Counselors for the US Environmental Protection 
Agency and was recently awarded the 2022 National Wetlands 
Award for Research from the Environmental Law Institute. 

Prof. Erik Björn 

ICOBTE & ICHMET 2023 

Prof. John White 

Erik Björn is an analytical chemist and biogeochemist who 
obtained his PhD degree in Analytical Chemistry in 2003 and Full 
Professor position in Environmental Analytical Chemistry in 2019 
at the Department of Chemistry, Umeå University. His research 
concerns studies of how the chemical structure of metal 
compounds controls mechanisms and kinetics for reactions 
which are central for the cycling of metals in the environment. A 
research focus is to understand how the chemical speciation of 
mercury controls its reactivity for methylation and redox 
reactions. The research aims to understand such processes at 
the molecular level and to establish their importance in natural 
environments. 

Title of the presentation: Mechanistic principles of 
mercury availability for microbial methylation 

Title of the presentation: Phosphorus Cycling impacted by 
River-Reconnection in the Coastal Zone  
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Thiago Formentini is a Brazilian researcher with multinational 
experience. With a background in chemistry, he took his Ph.D. in 
Environmental Engineering in collaboration between Brazilian and 
French institutions (UFPR, Curitiba; FURB, Blumenau; and CEREGE, 
Aix-en-Provence). He recently spent two years developing a 
postdoc project in Sweden (SLU, Uppsala). His research aims at 
unraveling the dynamics and impacts of anthropic trace metals 
entering the water-soil compartments. In the agroecosystems 
context, Thiago applies synchrotron-based techniques to 
investigate how the molecular-scale speciation of copper and zinc 
in livestock manure drives long-term contaminant bioavailability, 
leaching, or accumulation within manure-amended farmlands. 

Prof. Christophe Nguyen 

ICOBTE & ICHMET 2023 

Dr. Thiago Formentini 

Christophe Nguyen is a senior scientist, research director at 
Inrae, Bordeaux, France. Agronomist, he has skills in 
biogeochemistry, plant ecophysiology and modelling. He 
obtained a PhD in plant sciences at the National Polytechnic 
Institute of Lorraine (Nancy). At Inrae, he first worked on 
rhizodeposition  and on its coupling with N dynamics in the 
rhizosphere. Then, he joined and was the leader of  the 
Biogeochemistry of Trace Elements group at Inrae Bordeaux, 
which is interested in the diffuse contamination of 
agroecosystems by metals.  Christophe works on the soil-to-
crop tranfer of trace elements in the perspective of food safety 
with a particular interest for cadmium. His research focusses  
both on the geochemistry of metal bioavailability in cultivated 
soils and on the ecophysiology of metal accumulation by crops. 
He combines laboratory and  field experiments with modelling 
to develop tools that can help farmers and stakeholders to 
minimize the risks of excessive contamination of food crops by 
toxic trace metals. 

Title of the presentation: Approaches to assess the risks of excessive contamination of food crops by 
toxic trace metals in agroecosystems exposed to diffuse contaminations 

Title of the presentation: Current knowledge and 
prospects on the geochemistry of organic waste-borne 
Cu and Zn in agroecosystems 
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Franz Jirsa was born and raised in Vienna, Austria. Before turning 
to science, he had a successful career, first as a dancer and then as 
a singer, playing parts in musicals, operetta and opera, throughout 
Europe, including a ten year ś engagement with the Vienna 
Volksoper. In 1997 he started his studies in biology and received 
his master in 2004, followed by the doctorate in 2008. His main 
focus was on fish parasites, their ecology and environmental 
influences on parasite communities, as well as heavy metal 
accumulation in parasites and fish. During his studies an increased 
general interest in metals in the environment lead to an intense 
engagement in aquatic chemistry and metal behaviour in aquatic 
systems in general. He was called to teach environmental chemistry 
at the University of Vienna in 2004 and has been doing this ever 
since. In 2015 he received his venia doceni in environmental 
chemistry from the University of Vienna. He has been leading the 
group of environmental chemistry at the department of Inorganic 
Chemistry since 2018 and has been associate researcher at the 
University of Johannesburg, South Africa, since 2016. In addition to 
environmental analyses including risk assessments in aquatic 
environments he has broadened his research area developing 
novel substances, i.e. ionic liquids for the successful and greener 
extraction of heavy metals from aqueous matrices. Up until now he 
has supervised over 35 master thesis, 7 dissertation projects and 
has authored more than 70 papers in peer reviewed international 
journals.

Dr. J.E. (Bert-Jan) Groenenberg 

ICOBTE & ICHMET 2023 

Prof. Franz Jirsa 

Dr. J.E. (Bert-Jan) Groenenberg is a senior researcher/lecturer in 
the Soil Chemistry Group of Wageningen University (WU) since 
2015. He obtained his MSc Environmental Sciences at WU after 
which he worked as researcher and project leader for 
Wageningen Environmental Research (WEnR) and predecessors. 
Next to his job he obtained his PhD from WU. He is (co-)author 
of >45 peer-reviewed papers and 6 book chapters. He is a 
specialist in the modelling of soil chemical processes related to: 
metal speciation, soil acidification, transport and leaching of 
trace metals and nutrients to ground- and surface waters and 
metal uptake by plants. 

Title of the presentation: Geochemical modelling of trace 
elements – From the lab to the field and beyond 

Title of the presentation: Ionic liquids: a greener 
alternative for metal extraction from aqueous solutions? 
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Prof. Dan Tsang is a Professor in the Department of Civil and 
Environmental Engineering at the Hong Kong Polytechnic 
University and Pao Yue-Kong Chair Professor in the State Key 
Laboratory for Clean Energy Utilization at the Zhejiang University. 
He was a Visiting Scholar at Stanford University in the US and Ghent 
University in Belgium, Senior Lecturer at the University of 
Canterbury in New Zealand, and Post-doctoral Fellow at Imperial 
College London in the UK. Dan has more than 20 years of research 
experience and was selected as Highly Cited Researchers 2020-
2022. Dan’s research team aspires to develop green technologies 
for fostering carbon reduction and resource circulation. 

Prof. Hailong Wang 

ICOBTE & ICHMET 2023 

Prof. Dan Tsang 

Prof. Hailong Wang is a Distinguished Professor, and leader of 
the Environmental Science and Engineering section at Foshan 
University. He is the Director of the Biochar Engineering 
Technology Research Center of Guangdong Province, China, and 
a Board member of the International Biochar Initiative. His 
research focuses on using biochar for environmental 
remediation. Dr Wang is an Executive Editor for BIOCHAR and 
Carbon Research, a Subject editor for Journal of Soils and 
Sediments. He is a Highly Cited Researcher, with Web of Science 
total citations >16000, h-index 66. 

Title of the presentation: Engineered biochar for 
immobilization of heavy metals 

Title of the presentation: Low-Carbon 
Stabilization/Solidification of Waste Incineration Fly Ash 
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Dr. Chuanyong Jing is a professor at Research Center for Eco-
Environmental Sciences (RCEES), Chinese Academy of Sciences. He 
received his B.S. in environmental science from Sichuan University 
in 1994, and Ph.D. from Stevens Institute of Technology in 2002. 
Key areas of his investigation include biogeochemical cycles of 
environmentally significant trace elements including arsenic and 
antimony, and environmental remediation using nanotechnology. 
He has published over 170 peer-reviewed articles in leading 
environmental journals including GCA and ES&T. He is the recipient 
of Hundred Talent fund from Chinese Academy of Sciences, 
Outstanding Young Scientist fund from the National Science 
Foundation of China. 

Dr. Montserrat Filella 

ICOBTE & ICHMET 2023 

Prof. Chuanyong Jing (†) 

Montserrat Filella is a research associate at the F.-A. Forel 
Department of the University of Geneva (Switzerland). Her main 
research interests focus on understanding the physicochemical 
processes that regulate the behaviour of chemical compounds 
in environmental compartments. Her initial work focused mainly 
on the acquisition and preservation of kinetic and 
thermodynamic data and the study of colloids and natural 
organic matter in natural waters. Subsequently, her interests 
diversified to include the study of the chemistry and 
environmental fate of some less studied TCEs (Ta, Nb, Sb, Ge, Te) 
and of inorganic additives in plastics and their fate. 

Title of the presentation: Antimony and its compounds in a 
3Cs world 

We regret the loss of our esteemed colleague and an 
exemplary researcher who passed away on June 13, 2023 
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My research vision as Environmental Geochemist is to identify, 
control, and eliminate sources of pollutants or hazards from the 
industry affecting the environment. The Industrial Pollution 
research field, in which I have developed my career, aims to 
develop strategies for managing environmental problems from 
industrial activities as well as for evaluating the environmental 
sustainability of industrial processes and plants. Recently, I have 
initiated a novel research on the recovery of critical raw materials 
from the residues of the primary production of copper. In my 
actions, it is included an EU fast-track and an upscaling EU project: 
RECOPPs upscaling project, which is funded by the EIT Raw 
Materials (H2020). 

Prof. Susan Wilson 

ICOBTE & ICHMET 2023 

Dr. Patricia Córdoba 

Dr Susan Wilson is Associate Professor in Environmental 
Pollution at University of New England (UNE), Australia.  Her 
research answers questions on the cycling, processing and fate 
of contaminants in terrestrial systems to provide solutions for 
management and remediation. She works on legacy pollutants 
as well as emerging concerns including PFAS and microplastics, 
and her research has a strong focus on the biogeochemistry of 
arsenic and antimony. Susan is a chemist and completed her 
PhD at Lancaster University, UK.  She moved to Australia in 1999 
and took up her current position at UNE in 2010. 

Title of the presentation: Wet, dry and hot: Climate change 
influences on Sb mobilisation 

Title of the presentation: Recovery of bismuth from solid 
impurity streams generated during the primary 
production of copper 
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Björn Meermann, studied chemistry at the University of Münster 
and obtained his doctorate in 2009. This was followed by a 
postdoctoral period of almost two years at the University of Ghent 
(Belgium) in the working group of Prof. Dr. Frank Vanhaecke. In 
2012 he joined the Federal Institute of Hydrology (BfG) in Koblenz 
as a research associate and postdoctoral researcher. Since June 
2019, Björn Meermann has been Head of Division 1.1 “Inorganic 
Trace Analysis” at the Federal Institute for Materials Research and 
Testing (BAM) in Berlin and “Habilitand” in Analytical Chemistry at 
the Humboldt-University Berlin. 

Dr. Meermann´s research is located at the interface between 
materials and the environment as well as the life sciences. He 
investigates the release of elements or elemental species and 
(nano)particles from materials into the environment and their 
possible uptake by organisms and cells, with the aim of assessing 
the influence of (metal based) materials on the environment - 
striving for new materials in the context of circular economy. Next 
to ICP-MS based methods for single cell/particle-, speciation-, 
elemental imaging- and isotope-analysis, he is also working on 
sum parameter method development for e.g., PFAS analysis via HR-
CS-GFMAS. 

Dr. Leo Yeung 

ICOBTE & ICHMET 2023 

Dr. Björn Meermann 

Leo Yeung is an associate professor (docent) at the MTM 
Research Centre, School of Science and Technology, Örebro 
University, Sweden. His current research interests are to develop 
analytical method on measurement of PFAS including 
replacement products; to apply the organofluorine mass 
balance approach to understand current PFAS contamination in 
the environment using combustion ion chromatography; to 
identify and measure newly identified PFASs in environmental 
samples using LC-ToF MS and LC-MS/MS spectrometry 
techniques; and to study the fate and transport of unidentified 
PFASs in the environment. 

Title of the presentation: How much organofluorine and 
PFAS do we miss from targeted analysis?  

Title of the presentation: Recovery of bismuth from solid impurity streams generated during the 
primary production of copper 
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Eric Achterberg completed a MSc in Environmental Chemistry at 
the University of Wageningen (Netherlands), followed by a PhD in 
Liverpool (UK). He worked at the University of Plymouth, and then 
University of Southampton (UK) where he became a professor in 
2007. In 2013 he moved to GEOMAR where he is Professor in 
Marine Chemistry. His research interests are the marine 
biogeochemistry of trace metals (including speciation), carbon, 
nutrients, and their interactions with organisms. This includes 
development of novel analytical techniques, including chemical 
sensors, and their application to biogeochemical studies. The field 
of research activities is related to Global Change and Ecosystem 
Functioning. The research is approached from two directions: field 
measurements (open ocean and coastal waters) and laboratory 
studies. He was a member of the Scientific Steering Committee of 
the GEOTRACES Programme between 2016-2022. 

Prof. Chengshuai Liu 

ICOBTE & ICHMET 2023 

Prof. Eric Achterberg 

Prof. Chengshuai LIU is the Deputy Director of State Key 
Laboratory of Environmental Geochemistry, Chinese Academy of 
Sciences. He obtained his B.Eng. at Wuhan University and Ph.D. 
at Guangzhou Institute of Geochemistry, Chinese Academy of 
Sciences. He joined Institute of Geochemistry, Chinese Academy 
of Sciences, as a professor through the 100-Talent Programme 
in 2015, and became the Deputy Director of State Key 
Laboratory of Environmental Geochemistry. He received the 
“National Science Fund for Distinguished Young Scholars” in 
2020, and is one of the Principal Investigators for Chinas 
National Key R&D Programmes. His research interests center on 
environmental behavior and regulation of metal elements, and 
prevention and remediation of soil heavy metal pollution. He has 
published >130 peer reviewed papers, with an H-index of 37. 
Title of the presentation: Zinc isotope fractionation during 
coprecipitation into weakly crystalline iron (hydr)oxides 

Title of the presentation: Ocean trace element 
biogeochemistry: new insights after more than a decade of the 
International GEOTRACES Programme 
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Dr. Michael S. Bank works as a Senior Scientist at the Institute of 
Marine Research in Bergen, Norway. Michael also serves as an 
Adjunct Associate Professor of Contaminants & Complex Systems 
at University of Massachusetts Amherst in the USA. His research is 
highly interdisciplinary and has its theoretical basis in complex 
systems analyses, Bayesian mathematical modeling, aquatic 
sciences, contaminant biology, environmental toxicology, and 
environmental governance. Michael is also an Associate Editor at 
the journal(s) Environmental Pollution and Chemosphere and 
serves on several expert committees, and does advising on 
contaminants for several international and national environmental 
agencies. 

Prof. Chengshuai Liu 

ICOBTE & ICHMET 2023 

Prof. Michael S. Bank 

Prof. Chengshuai LIU is the Deputy Director of State Key 
Laboratory of Environmental Geochemistry, Chinese Academy of 
Sciences. He obtained his B.Eng. at Wuhan University and Ph.D. 
at Guangzhou Institute of Geochemistry, Chinese Academy of 
Sciences. He joined Institute of Geochemistry, Chinese Academy 
of Sciences, as a professor through the 100-Talent Programme 
in 2015, and became the Deputy Director of State Key 
Laboratory of Environmental Geochemistry. He received the 
“National Science Fund for Distinguished Young Scholars” in 
2020, and is one of the Principal Investigators for Chinas 
National Key R&D Programmes. His research interests center on 
environmental behavior and regulation of metal elements, and 
prevention and remediation of soil heavy metal pollution. He has 
published >130 peer reviewed papers, with an H-index of 37. 
Title of the presentation: Zinc isotope fractionation during 
coprecipitation into weakly crystalline iron (hydr)oxides 

Title of the presentation: Evaluating the Climate-Blue 
Food-Mercury Nexus: A complex systems modeling 
approach
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Ute Krämer is a Full Professor at the Ruhr University Bochum 
(Germany) where she holds the Chair of Molecular Genetics and 
Physiology of Plants. She earned a D.Phil. at the University of 
Oxford (UK) as a Rhodes Scholar. Ute Krämer studies the genetic 
basis of evolutionary adaptations employing the metal 
hyperaccumulator species Arabidopsis halleri as a model – 
sometimes in comparison to its close relative Arabidopsis thaliana, 
in which she also addresses fundamental molecular mechanisms of 
plant metal homeostasis. She is a member of the German Academy 
of Sciences Leopoldina and was awarded an Advanced Grant of the 
European Research Council in 2018. 

 

Prof. Jörg Feldmann 

ICOBTE & ICHMET 2023 

Prof. Ute Krämer 

Jörg Feldmann has the chair of analytical chemistry at the 
University of Graz (Austria) since 2020. He has been educated at 
the University of Essen (Germany) as Chemist and did his Master 
thesis in geochemistry at Chamber of Mines in South Africa, 
before he graduated with a PhD in environmental analytical 
chemistry in 1995. Then he was a Feodor Lynen Fellow at UBC 
and U Alberta (Canada) in environmental and clinical chemistry. 
Subsequently he spent 23 years as a professor for environmental 
chemistry and director of TESLA at the University of Aberdeen, 
Scotland. He is an elected fellow of the Scottish Academy of 
Science and Society (FRSE) and a fellow of the RSC. He has 
written more than 300 peer reviewed papers and received 
numerous prizes such as the European Award for Plasma 
Spectrochemistry and the RSC Interdisciplinary Prize and Medal. 
Under his supervision more than 40 PhD students have 
graduated. His main interest is in the development of new 
methodology and its application for the elements, arsenic, 
mercury, selenium and lately zinc and fluorine. More infos: 
https://chemie.uni-graz.at/en/analytical-
chemistry/research/tesla/Title of the presentation: Speciation or not speciation that 
is the question 

Title of the presentation: The metal hyperaccumulator plant 
Arabidopsis halleri: exceptionally large within-species 
variation in metal-related extreme traits and approaches 
towards understanding its genetic basis 
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Dr Liping Li is a Professor at the School of the Environment, Henan 
University of Technology in Zhengzhou, Henan Province, China. 
Professor Li’s research focuses on the chemistry, migration, 
accumulation and absorption of Cd and Pb in nonferrous metal 
smelting affected areas, including Cd and Pb: i) plant accumulation 
in wheat, corn, vegetables and wild plants; ii) source, migration and 
spatial distribution, and speciation in airborne dusts; iii) migration 
through the food chain; and iv) accumulation in humans and 
subsequently potential (non)cancerous health risks. Dr Li has 
published ~100 manuscripts focused on this and similar 
environmental topics. 

Prof. Su Shiung Lam 

ICOBTE & ICHMET 2023 

Prof. Liping Li 

Professor Lam holds a PhD in Chemical Engineering from 
Cambridge University, and is currently a Professor and Director 
of International Centre of Universiti Malaysia Terengganu. 
He serves as Editor of Environmental Pollution and Associate 
Editor for Reviews of Environmental Contamination and 
Toxicology, Environmental Advances, Environmental 
Geochemistry and Health, Frontiers in Energy Research, and 
Energy & Environment. 
He leads a research group working mainly on Chemical & 
Environmental Engineering, focusing on Waste and Biomass 
Utilization, Waste and Wastewater Treatment, Green Technology, 
and Pollution Mitigation. He is active in research on the 
application of thermochemical processes such as pyrolysis and 
microwave heating in transforming waste and biomass into 
green energy and products applicable to industry and 
environmental protection. 
He has secured 30 research grants, file patent and 
commercialize inventions from his research team, and 
publishing over 400 articles in journals, some of which are 
published in journals such as Lancet, Nature, Science, and 
Progress in Energy and Combustion Science, and Renewable and 
Sustainable Energy Reviews. 

Title of the presentation: 
Anthropogenic pollutants: Impact of 
heavy metals and microplastics on 
mud crab ecosystem 

Title of the presentation: Heavy metals in a long-term Pb 
smelting affected area: risk and fate of legacy Cd and Pb 
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Bernhard Michalke is deputy director of the Research Unit 
“Analytical BioGeoChemistry” at the Helmholtz Center Munich – 
German Research Center for Environmental Health GmbH. He is 
also leader of the research group "Elements and Element 
Speciation" and of the "Central Inorganic Analysis Division" as well 
as guest lecturer at the Technical University Graz. 

Bernhard develops element speciation methods and is working in 
the element speciation field since more than 30 years. His primary 
research is related to chemical speciation and metallomics of 
elements with detrimental health effects in body fluids and tissue, 
particularly in the neurodegeneration field and in iron-redox 
associated pathologies. Bernhard holds a patent 
(PCT/EP2022/073848) on simultaneous quantification of Fe2+, 
Fe3+, Fe-ferritin, GSH/GSSG ratio and GPX out of the same sample.  
He is member of the Permanent DFG Senate Commission for the 
Investigation of Health Hazards of Chemical Compounds in the 
Work Area, of the DFG Biomonitoring- and of the DFG  BAT Values 
Working Group. Bernhard Michalke has been president of the 
German Trace Element Society e.V. (GMS) for 12 years and is now 
head of the GMS advisory board. Bernhard has published more 
than 300 peer reviewed articles, 12 book chapters and edited two 
books on Metallomics and Selenium. 

Prof. Lena Ma 

ICOBTE & ICHMET 2023 

Prof. Bernhard Michalke 

After working at University of Florida for 25 years, Dr. Lena Q. 
Ma joined Zhejiang University in 2020 as a Chair Professor.  Her 
research focuses on the biogeochemistry of trace metals and 
environmental remediation. After reporting the first-known 
arsenic-hyperaccumulator Pteris vittata in Nature in 2001, Dr. 
Ma has investigated the molecular mechanisms behind its 
efficient uptake as well as its applications in phytoremediation.  
She has published over 400 SCI papers, with >26,000 citations 
and H-index of 79.  Currently, Dr. Ma is the Editor-in-Chief for 
Critical Reviews Environ Sci Technol., Executive Editor for Soil & 
Environmental Health, and Associate Editor for Chemosphere. 
Title of the presentation: Arsenic hyperaccumulation by 
As-hyperaccumulator Pteris vittata: molecular 
mechanisms and potential application 

Title of the presentation: Hyphenated systems for element- and redox- speciation: Key points, QC and 
applications providing fundamental understanding of Mn/Fe-related pathologies 
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Prof. Patryk Oleszczuk is a full professor of Environmental 
Chemistry and Head of Radiochemistry and Environmental 
Chemistry Department at Maria Curie-Skłodowska University 
(Poland). Prof. Oleszczuk has more than twenty years of research 
experience on contaminants such as polycyclic aromatic 
hydrocarbons, nanomaterials and heavy metals in natural and 
engineered environment.  He has published more than two 
hundred peer-reviewed high impact journal papers on the above 
topics. Dr. Oleszczuk is an associate editor of Chemosphere and 
Biochar Journal and member of editorial boards of Environmental 
Sciences Europe and Carbon Research Journal. 

Prof. Jerome Nriagu 

ICOBTE & ICHMET 2023 

Prof. Patryk Oleszczuk 

Prof. Nriagu's is Emeritus Professor for Environmental Health 
Sciences and Research Professor at the Center for Human 
Growth and Development, School of Public health, University of 
Michigan. 
Prof. Nriagu's research and teaching programs center around 
three main issues: (i) sources, behavior, fate and effects of metals 
in the natural and contaminated environments; (ii) 
environmental justice and disproportionate exposure of 
communities to environmental pollutants; and (iii) 
environmental health problems in the developing countries. His 
work includes applied laboratory and field studies and has led 
to 30 books (authored/edited) and over 300 published articles. 
From 2000 to 2008, he was listed as one of the most cited 
scientists in the fields of Environmental Studies and Ecology. He 
was the director of the Environmental Health Program from 
1996 to 2006, and has been active in a number of community-
based organizations. Before joining the department in 1993, he 
was a research scientist with Environment Canada, Burlington, 
Ontario. Prof. Nriagu was the Editor-in-chief of the journal 
Science of the Total Environment (one of the leading 
environmental science journals), Editor-in-chief of Encyclopedia 
of Environmental Health (in five volumes) published in 2011, and 
the editor of book series published by Wiley-Interscience (New 
York), Elsevier Science (Amsterdam), and Maralte Publishers 
(Leiden). In 1987, he was awarded the first ever meritorious 
Doctor of Science degree by the University of Ibadan (Nigeria). 
Prof. Nriagu is a Fellow of the Royal Society of Canada. His other 
awards include Senior Fulbright Fellowship and distinguished 
Alexander von Humbolt Research Prize.

He is the Founder of the International Conferences on Heavy 
Metals in the Environment (Chairman of meetings in Toronto, 
1993 and Ann Arbor, 2000; has been responsible for keeping 
these meetings going for the last 25 years).

Title of the presentation: Deficiency 
of trace metals, disease tolerance, 
and global sars-cov-2 pandemic 

Title of the presentation: Effect of ozonation of carbon nano-
based materials (carbon nanotubes and graphene 
nanoplatelets) with different functionality on adsorption of 
selected trace elements from water solution 
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Prof. Baogang Zhang got his PhD degree at Peking University, 
China in 2011, then he started to work at China University of 
Geosciences Beijing. His research interests focus on 
biogeochemistry and bioremediation of redox metals. He has 
published 127 highly-qualified peer-reviewed papers in SCI 
journals, including Environ. Sci. Technol., Geochim. Cosmochim Ac. 
He hosts 6 fundings from National Natural Science Foundation of 
China and is authorized 11 invention patents. He is selected as the 
National Top Young Talents of Ecological Environment Protection 
and Beijing Nova Program. He is honoured with Young Scientist 
Award of Chinese Society of Environmental Sciences. 

Prof. Lutz Schomburg 

ICOBTE & ICHMET 2023 

Prof. Baogang Zhang 

Lutz Schomburg has been trained in biochemistry at the 
University of Hannover, Germany. He completed internships at 
the Max Planck Institute of Biochemistry in Munich, the Waite 
Agricultural Research Institute, Adelaide, Australia, and King's 
College London, UK. He worked at the Max Planck Institute for 
Experimental Endocrinology in Hannover, Germany, and 
obtained his PhD in 1994. He had postdoctoral positions at the 
Brigham and Women's Hospital, Harvard Medical School, 
Boston, U.S.A. and at Julius Maximilian University, Würzburg, 
Germany.  At present, he serves as Professor for Experimental 
Endocrinology and Deputy Director of the Institute for 
Experimental Endocrinology at Charité-Universitätsmedizin 
Berlin. 

Title of the presentation: Selenium, its biomarkers and 
relevance for human health 

Title of the presentation: Biogeochemistry of vanadium and 
microbial remediation 
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His research has also contributed in the understanding of how indigenous people and 
communities in the North are affected by fabricated pollutants through dietary intake. His 
research has been significant for including a number of toxic fabricated persistent organic 
pollutants in the Stockholm Convention, and providing scientific data for providing 
guidelines for safe consumption of traditional food among Northerners. 

Prof Sonne has contributed more than 450 articles including Cell, Nature, Science and book 
chapters and a similar number of abstract and proceedings. He is also a reviewer for more 
than 100 environmental journals and research councils in Europe and North America. Danish 
EPA, AMAP, UNEP and a number of censorships. 

Active projects include EiderHealth (Ecology, survival and reproduction in eider ducks at 
Christiansø, Western Baltic), ZORRO (infectious zoonotic diseases transmissible from 
harvested wildlife to humans in the European Arctic), AMAP CORE (monitoring 
contaminants in Greenland core species), Elementaria (rare earth elements in fish, Norway), 
ERBFacility (COST project on raptors), ECOTHYR (contaminants in Svalbard glaucous gulls), 
CHANGE (mercury in Greenland) and RISK-PFAS (fluorinated compounds in Greenland 
wildlife and Inuits). 

Prof. Lutz Schomburg 

ICOBTE & ICHMET 2023 

Professor Sonne’s background as a veterinarian along with his 
wide and dedicated interests within the broad field of 
Environmental Sciences has enabled him to become one of the 
international leading scientists and authorities within Arctic 
Wildlife Toxicology. He is an expert in wildlife and human health, 
biology, stress and ecotoxicology. He is international renowned 
expert with more than 25 years’ experience in studying the 
environment in Europe, North America and the Arctic. 
 

Professor Sonne has a unique ability of collaborating with 
scientists from many fields within Environmental Sciences and in 
that way, he has been able to produce novel and cutting-edge 
basic research within Arctic wildlife toxicology, research that also 
have very high applied and societal value. His research has 
contributed significantly to identify the presence of toxic 
industrial chemicals in Arctic biota, and to identify the harmful 
effects of these on Arctic wildlife, ranging from effects on the 
individual (organismal) level to the population and ecosystem 
levels. 

Title of the presentation: Biogeochemistry of vanadium and microbial remediation 
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Plenary Lecture: 92517  

 

Toxicity of arsenic species: lessons learned from organisms, humans and the environment 

 

Tanja Schwerdtle 

Bundesinstitut fuer Risikobewertung, Slovakia 

 

tanja.schwerdtle@bfr.bund.de 

 

Arsenic (As) is classified by WHO as one of the chemicals of major public health concern. In the environment, arsenic 

occurs in both organic and inorganic forms. For the general population, diet is the primary source for As. In terrestrial 

foods and drinking water, inorganic As is the predominant As species, whereas fish and seafood contain predominantly 

organic As. Inorganic As is classified as human carcinogen owing to the increased incidence of cancer of the skin, lung, 

and urinary bladder observed in epidemiological studies primarily in population groups with elevated exposure to 

inorganic As via drinking water. Following the EFSA 2009 As assessment maximum levels have been laid down for 

inorganic As for several food items including rice (Commission Regulation (EC) No 1881/20064). However, due to the 

application of sulphate fertilisers in rice S-containing methylated As species are formed, which are neither 

toxicologically characterized nor regulated.  

Likewise for these recently identified S-containing As species, for most organic As species so far no risk characterization 

has been carried out. Organic lipid-soluble As species, so called arsenolipids, belong to the emerging As containing 

contaminants in fish and seafood. Overall, the studied endpoints so far show that arsenolipids exert a different toxicity 

as compared to inorganic As. In human cells As containing hydrocarbons exterted highest cellular toxicity, but in 

contrast to inorganic As no genotoxicity. Taken into account the investigations in nematodes (C. elegans), flies 

(Drosophila melanogaster) and mice, As containing hydrocarbons seem to be the most potent toxic arsenolipids studied 

so far. Overall, these studies indicate the need for a differentiated hazard identification and exposure assessment for all 

As species / sub groups to assess whether the respective As species / sub groups pose a risk to the environment and 

human health.  
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Plenary Lecture: 83546  

 

Environmental change impacts on the fate and speciation of metal(loid)s in soil and water 

 

Donald Sparks 

Univ of Delaware 

 

Environmental change, particularly the impact of climate change, is having a profound impact on humankind. Rising 

seas and temperatures, as well as other extreme events such as flooding, droughts, and fire, will increasingly impact the 

biogeochemical cycling of metal(loid)s in terrestrial and aquatic environments. The impact of these extreme events on 

redox active metal(loid)s e.g., As and Cr, play a significant role in controlling their fate and speciation in the 

environment. However, how the mechanistic processes will be impacted in our changing climate is not well understood. 

Employment of advanced analytical tools over a range of spatial and temporal scales could provide useful insights. 

Therefore, in this presentation, three field sites, in which the soils are heavily contaminated with As and Cr, will be 

featured to show how intensity of flooding, redox, and salinity affect the fate and speciation of the elements. 
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Plenary Lecture: 86084  

 

Cadmium tolerance and detoxification in plants: what can we learn from Arabidopsis halleri? 

 

Nathalie Verbruggen 

Université Libre de Bruxelles (ULB) 

 

nathalie.verbruggen@ulb.be 

 

Cadmium is one of the most toxic trace metals for living organisms and the highest concentrations have been found in 

plant cells. Cadmium accumulation in the environment is recognized as a worldwide concern. The accumulation 

pathway of cadmium in plants is crucial for phytoremediation applications, but also in breeding programmes to limit its 

consumption by crops. However, the different mechanisms used by Cd to enter, be transported and detoxified in plants 

remain unclear. In this presentation, the contributions made through the studies on Arabidopsis halleri will be outlined. 

Arabidopsis halleri is a diploid perennial , self incompatible, and close relative to the plant model Arabidopsis thaliana. 

Arabidopsis halleri is considered as a model species for the study of metal homeostasis and detoxification. The species 

seems to constitutively hyperaccumulate zinc while cadmium accumulation is more variable. Some populations do 

however accumulate cadmium while others accumulate much less than A. thaliana. 

A.halleri is a pseudometallophyte, able to grow on metal contaminated or non-contaminated soils. In Europe the species 

is distributed in several genetic units within which metallicolous populations seem to have been established from 

metallicolous populations. The comparative study of populations showed different mechanisms of cadmium 

detoxification but a genetic determinant of cadmium tolerance and accumulation that looks common. In the presentation, 

contributions made to the understanding of cadmium accumulation and detoxification through studies on Arabidospis 

halleri will be outlined.  
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Plenary Lecture: 84593  

 

Marine biogeochemical cycling of bioactive metals from the Arctic to the Antarctic: A Sea of Change 

 

Mak Saito 

 

msaito@whoi.edu 

 

Metals in the oceans have critical nutritional roles that intersect directly with the global carbon cycle. In recent years 

the global GEOTRACES sampling program has broadened our understanding of the distributions and processes of 

numerous trace elements. Human induced climate change is also affecting the distributions of these elements largely 

through changes in fluxes of metals from continental sources. Cobalt and zinc are extremely scarce yet critical 

micronutrients in the marine environment. Cobalt is used in vitamin B12 and both elements can be used in key enzymes 

such as carbonic anhydrase and alkaline phosphatase. Recent observations from the high latitudes reveal that Arctic and 

Southern Ocean cobalt inventories are changing. Moreover, incubation and metaproteomic analyses reveal the influence 

micronutrients on ocean microbial communities. For example, zinc and (cobalt-containing) vitamin B12 can be limiting 

of marine photosynthesis in Southern Ocean environments. These results will be discussed as well as perspectives on 

other potential environmental changes and resultant observational priorities.   
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Plenary Lecture: 82990  

 

Cadmium biogeochemistry in paddy soils and strategies to reduce Cd accumulation in rice 

 

Fang-Jie Zhao 

Nanjing Agricultural University 

 

fangjie.zhao@njau.edu.cn 

 

Rice is a staple food for about half of the global population, for whom rice is also a major dietary source of the toxic 

trace metal cadmium (Cd). Contamination of paddy soils with Cd is a common problem in some areas of Asian countries, 

resulting in elevated intake of Cd and significant health risk for the local residents. It is therefore imperative to develop 

strategies to limit Cd accumulation in rice. The concentration of Cd in rice grain varies widely, from below the detection 

limits to several mg/kg. This wide variation is caused by the variations in the level of Cd contamination in the soil, soil 

properties and biogeochemical processes that affect Cd availability to plants, and the genetics that govern the uptake 

and distribution of Cd in rice plants. Paddy soil undergoes episodic flooding-draining cycles during the rice growing 

season, leading to wide fluctuations in the redox potential, a key factor controlling Cd availability in the soil.  Cadmium 

availability decreases rapidly under anoxic conditions due the formation of insoluble cadmium sulphide; this process is 

reversed when paddy water is drained. The rate of cadmium remobilization after drainage of paddy water is controlled 

by factors such as the voltaic cell effect, production of free radicals, and pH-dependent sorption processes. These 

processes can be controlled to slow down the remobilization of Cd after drainage. There are large variations in Cd 

accumulation among different rice cultivars; the genetics underlying some of these variations have been elucidated in 

recent years. Several membrane transporters play important roles in the uptake, sequestration and distribution of Cd in 

rice plants, which are targets for manipulations to limit Cd accumulation in the grain. This knowledge has been used to 

enable breeding of ultra-low Cd accumulating rice cultivars.      
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Plenary Lecture: 83829  

 

Remediation of contaminated soil: How far have we gone – and are we on the right path? 

 

Jurate Kumpiene 

Luleå University of Technology (LTU) 

 

jurate.kumpiene@ltu.se 

 

Immobilization of metal(loid)s (also so-called trace elements, TE) and hence reduction of their mobility and 

bioavailability, can be achieved by changing TE chemical state using soil amendments that can promote TE 

precipitation, sorption, and complexation as well as the build-up of new minerals. Iron (Fe) and Fe-containing materials 

are often considered as suitable soil amendments to reduce TE mobility, bioavailability, and thus risks to human health 

and the environment. The treatment efficiencies can reach up to 99% in terms of reduced leaching of TE. Nevertheless, 

the question that has commonly been asked concerns not the immediate treatment success, but its long-term 

effectiveness.   

An overview of studies where Fe amendments were used for soil stabilisation will be presented, focusing on field-scale 

studies, their duration and methods applied for the evaluation of the treatment success. Analysis of the documented 

research approaches to produce evidence on the long-term treatment success will be performed and presented during 

the conference.  
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Regular Session 1: 83669 

 

Deficiency of trace metals, disease tolerance, and global covid-19 pandemic 

 

Jerome Nriagu 

University of Michgan 

 

jnriagu@umich.edu 

 

Trace metals (TMs) can profoundly affect the outcome of SARS-CoV-2 infection in multiple ways given their critical 

roles in human biology. This talk focuses on how TMs interfere with two of most important and evolutionarily conserved 

ways that a human host deals with viral infections, namely, the (i) disease resistance and ii) disease tolerance.  A classic 

example of disease resistance strategy is the withholding of TMs from intracellular pathogens (coronavirus) by human 

hosts – known as nutritional immunity. Disease tolerance takes different forms and is aimed at reducing direct tissue 

damage by pathogens or minimizing immuno-pathology by attenuating the inflammatory damage, changing the host 

metabolism, excessive extracellular matrix remodeling, and other disruptions of physiological functions. I will use Sub-

Saharan Africa as an example of where trace metals appear to be playing an important role in moderating the morbidity 

and mortality of SARS-CoV-2 through enhancing the disease tolerance mechanisms.   

 
Selection pressure from TM deficiency stress can lead to two classes of adaptations in the evolution of SARS-CoV-2: 

(i) antigenic changes which decrease the neutralizing activity of human antibodies thereby reducing the immune 

protection against the viral infections (American/European version or Type I); and (ii) intrinsic changes of viral 

functions, such as increased  binding affinity to human receptors, the efficiency of cell entry, the stability of viral 

proteins, along with other changes that improve interactions with the host including and improve the transmission and 

survival of the virus (the African version or Type II). In the absence of massive vaccine intervention, the evolution of 

Type II variants which promote mutual co-existence (or high tolerogenicity) is preferred considering the pathogenicity 

of the variants of concern which decreases in the order: Wuhan > Gamma > Delta > Omicron>Gryphon while the 

antigenic properties follows the reverse order: Gryphon>Omicron > Gamma > Wuhan > Delta.  This hypothesis on the 

roles of trace metals in the evolution of SARS-CoV-2 variants of concern remains a matter for research. 
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Regular Session 1: 86075 

 

Selenium, its biomarkers and relevance for human health 

 

Lutz Schomburg 

 

lutz.schomburg@charite.de 

 

The trace element selenium (Se) is an essential component of the human diet, but unfortunately is not always available 

in sufficient quantities in the normal diet. The consequences of inadequate supply are not readily apparent, but a steadily 

growing number of scientific publications point to increased health risks for individuals with suboptimal Se intake. 

Populations in Central Europe, Asia, and Africa are considered to have inadequate supplies because of the limited 

availability of Se from the soil for agricultural food production and the lack of systematic supplementation. Notable 

exceptions are agricultural breeding of livestock to promote their health, meat quality, and fertility, or selected countries 

that are aware of the health importance of Se, e.g., Finland, where nationwide Se supplementation of fertilizers was 

introduced in 1984. Health risks associated with low Se status include cardiovascular events, cancer at various sites, and 

a weakened immune system. The latter is of particular concern for the current COVID-19 pandemic, and both disease 

severity and mortality risk are increased in individuals with low Se status. Accurate assessment of Se intake is 

complicated by the highly variable Se content of the diet, since the Se value of a given product depends more on the site 

of origin and Se availability in the soil, and not so much on the individual food items. For this reason, parameters from 

human biospecimens that are readily available, such as serum or plasma, are essential for assessing Se status in clinical 

analyses. Interestingly, in recent large clinical trials, the combination of such parameters proved to be particularly 

informative, including quantification of total serum Se concentration and the Se transport protein SELENOP, enzymatic 

activity of secreted glutathione peroxidase (GPx3), and autoimmunity to Se transport by SELENOP-specific 

autoantibodies. Taken together, these interrelated but partially independent parameters enable accurate personalized 

determination of Se status and highly accurate assessment of potential health risks from Se deficiency. The most 

important question for applied research now concerns the effects of supplemental Se intake, as very few studies are 

available, which are moreover partly irrelevant as only few of the enrolled participants were Se-deficient at baseline. 

 

Acknowledgement: Funding by the Deutsche Forschungsgemeinschaft DFG (Research Unit 2558 “TraceAge”, Scho 

849/6–2, & CRC/TR 296 “Local control of TH action”, LocoTact, P17). 
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Regular Session 2: 83036 

 

Hyphenated systems for element- and redox- speciation: Key points, QC and applications providing 

clearer understanding of Mn/Fe-related pathologies 

 

Bernhard Michalke 

Helmholtz Center Munich-German Research Center for Environmental Health 

 

bernhard.michalke@helmholtz-muenchen.de 

 

The analysis of chemical elements in clinical or biological samples has gained eminent attention according to their 

essential roles in life science, clinical diagnostics or drug development and drug-effect monitoring. Particularly, the 

specific element binding forms, actual redox state or their spatial distribution in tissue or in single cells are of interest 

in medical research.  

This talk summarizes combinations of sophisticated sample delivery systems hyphenated to inductively coupled plasma- 

mass spectrometry (ICP-MS). Herein the sample delivery systems take on the task of separating sample components 

from one another (different element species, or differentiation according to spatial or cellular distribution) and of 

transporting them to the ICP-MS at different retention times. ICP-MS detects the elements in the transient flow from 

the upstream sample delivery system with highest sensitivity. This set-up enables a broad information gain beyond the 

well-established outstanding ICP-MS detection capability. Relevant keypoints for successful hyphenations and quality 

control features will be shown for hyphenations with HPLC-, capillary electrophoresis (CE), and laser ablation (LA).  

For presenting some of these powerful ICP-MS related hyphenations, the talk strives the fields of spatial elemental 

mapping, in brain tissue, tumor cells or spheroids, and considers also elemental tagging with natural tags and with 

artificial tags for drug monitoring. New and fast methods for the quantification of Fe2+, Fe3+ and ferritin bound iron 

enable the quantitative determination of Fe2+/Fe3+ ratio, which is that measure for evaluating the iron related cellular 

redox status and risk for oxidative stress. In cellular downstream GSH-redox speciation together with Se-speciation can 

complete the molecular puzzle deranged in pathologies. In Wilson's disease, free and exchangeable copper play decisive 

roles. The talk finally informs about hyphenated Cu-speciation technique, which provides fast and reliable quantification 

of relevant Cu-species. 
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Regular Session 2: 85445 

 

Speciation or not speciation that is the question 

 

Joerg Feldmann 

University of Graz 

 

joerg.feldmann@uni-graz.at 

 

This keynote lecture will introduce the analytical methodologies we need to utilize to describe biological and 

environmental processes. We have learned in the past decades that the identification and quantification of an element is 

not adequate to describe these processes accurately.  

We have learned that speciation analysis, i.e. the determination of the molecular form of an element is essential to predict 

its toxicity, mobility and reactivity in the different environmental and biological context. As work horses here HPLC 

coupled to ICPMS or to ESIMS have propelled the speciation idea and the results opened up novel explanations when 

elements such as arsenic are involved.  

The speciation idea widened in the last decade to metal containing biomolecules such as metalloproteins and also 

nanoparticles. All of those fractions are part of the metallome and should always been considered when elemental 

speciation is performed. The beauty of ICPMS is that with most elements a mass balance can be established and therefore 

any missing fraction of the element in question can be determined.  

This concept of speciation can be extended to non-metals as well. Organic molecules with heteroatoms such as sulphur 

or phosphorous have now been established in the analytical community, and by using non-targeted analysis (LC-HRMS) 

in combination with ICPMS, not only novel compounds can be identified but also been quantified without having a 

molecularly identical standard available.  

The lecture will extend this further towards the determination of chlorine and fluorine and how the concept of mass 

balance can work in the non-targeted analysis.   
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Regular Session 3: 82819 

 

Heavy metals in a long-term Pb smelting affected area: Fate and risk of legacy Pb and Cd 

 

Liping Li¹, Jim Ippolito², Weiqin Xing¹, Yali Wang¹, Yale Wang¹, Xinjun Huang¹ and Yongqiang Yang¹  

¹ Henan University of Technology, ² Colorado State University 

 

lilp@haut.edu.cn 

 

Jiyuan City in Henan Province, China is a major Pb production area in China, with Pb output in 2021 at ~900,000 tonnes. 

Since there is no Pb mining in Jiyuan, the sole source of environmental heavy metal pollution is from smelting. Lead 

smelting in Jiyuan started in the 1950s; Pb output increased greatly during 2000-2010, with about 200 Pb smelting 

facilities being established during this time period. Most of these smelting facilities had Pb recoveries of ~85%, thus 

leaving large amounts of Pb in solid wastes or released into the environment as dusts. In 2009, negative effects of Pb 

smelting on local children were observed; a test of 3108 < 14 yr old children indicated that 1008 of them had blood lead 

level > 250 μg/L. After that, stricter pollution control policies were implemented; most smelters closed. This greatly 

reduced the airborne heavy metal emissions from smelter stacks. Although smelter stack emissions are currently not a 

major source of heavy metals, legacy Pb and Cd accumulation in the environment (ground dusts, soils and plants) near 

historical smelting sites is still an environmental and human issue. Maximum Pb and Cd concentrations in ground dusts 

were 70,500 and 2,580 mg kg-1, with spherical particles in these samples indicating that these were emitted from smelter 

stacks. Exterior building dust samples collected from different heights (0-27 m above ground) indicated that lower areas 

were more affected by resuspended soil, while higher areas were more affected by atmospheric deposition. As no 

specific measures are carried out to dispose of these dusts/soils, wind and water erosion may disperse Pb/Cd-enriched 

particles into surrounding areas. Understanding and controlling legacy Pb and Cd in this contaminated soil-plant-animal-

human environment is of great importance for Jiyuan residents, with this intimate interplay discussed during this 

presentation. 
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Regular Session 4: 84499 

 

The Arctic environment: From molecular ecology to planetary health 

 

Christian Sonne 

Aarhus University 

 

cs@bios.au.dk 

 

Exposure to long-range transported industrial chemicals such as mercury and persistent organic pollutants (POPs) pose 

a risk to the health of Arctic ecosystems, wildlife and Northerners. Since local communities rely on the same marine 

food web as marine mammals, it requires a One Health approach to understand holistic ecosystem dynamics and 

environmental stressors’ effects on wildlife populations and humans. Given the long marine food chains and 

biomagnification properties of most contaminants, top predators such as polar bears, toothed whales and Inuits end up 

with extremely high exposures posing risks of effects at population-level. Here I give an overview of the current 

knowledge on mercury and POPs in the Arctic environment focusing on molecular ecology and ecosystem effects. 

Finally, I discuss the future perspectives of planetary health in relation to other stressors such as climate change and 

zoonotic infectious diseases. 
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Regular Session 5: 84044 

 

Evaluating the Climate-Blue Food-Mercury Nexus: A complex systems modeling approach 

 

Michael Bank 

Institute of Marine Research, Bergen, Norway 

 

michael.bank@hi.no 

 

Food production systems and human diet choices have critical implications for climate change and environmental 

sustainability. Increasingly, the ocean and blue food resources are being recognized as a source to support global food 

and nutritional security, and to address deepening problems from human hunger. However, although blue foods from 

the ocean are often highly nutritious, they also have important contamination issues from ubiquitous heavy metal 

pollutants such as mercury. Here, using complex systems analyses, contaminant and stable isotope tracer models, 

machine learning, and Bayesian information theory I discuss new scientific findings and propose novel ideas regarding 

the relationships between climate, blue foods, planetary boundaries, and mercury pollution in the context of global 

environmental change. This presentation will incorporate several interdisciplinary themes including ocean mercury 

bioaccumulation, atmospheric deposition, trophic transfer, geography, metal speciation, and human consumer risk 

assessment. This research presentation will also discuss big data information theory approaches, Bayesian degrees of 

belief analytics, and applications of risk and decision sciences. 
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Regular Session 5: 84066 

 

Effect of ozonation of carbon nano-based materials (carbon nanotubes and graphene nanoplatelets) 

with different functionality on adsorption of selected trace elements from water solution 

 

Patryk Oleszczuk¹, Aleksandra Bogusz², Katarzyna Jędruchniewicz¹ and Izabela Jośko³ 

¹ Maria Curie-Skłodowska University, ² Institute of Environmental Protection - National Research Institute, 

³ University of Life Sciences in Lublin 

 

patryk.oleszczuk@mail.umcs.pl 

 

The increasing use of nanomaterials in various areas of life means that they may soon become the new emerging 

contaminant. To date, most of the research regarding of fate and toxicity of nanoparticles (NPs) has been concentrated 

on pristine NPs. The research focused on NPs changed by environmental factors is relatively new. In this context, 

particularly important, are studies about the interaction between changed NPs and other pollutants ubiquitous in the 

environment, e.g. trace elements (TEs).  Ozonation is one of the methods frequently used for the purification/treatment 

of water and wastewater. It can be expected that during water purification/treatment there would take place processes 

changing the properties of NPs. The aim of the work was to investigate the effect of the ozonation of carbon nano-based 

materials on their properties and their interaction with selected TEs. The toxicity to Daphnia magna (crustaceans) and 

Lemmna minor (water plant) of NPs (before and after ozonation) with adsorbed metals were also investigated.    

Different graphene nanoplatelets (hydrophilic, hydrophobic, neutral) and carbon nanotubes (non-functionalized and 

COOH and OH functionalized) were investigated. The properties of carbon nano-based materials before and after 

ozonation were characterized using: elemental analysis (C, H, N), surface area assessment (SBET, pore volume, 

micropore volume, and surface area, and mean pore width), FTIR spectroscopy and Raman spectroscopy. It was noticed 

that the physico-chemical properties of NPs changed after ozonation. These changes depended on the type of NPs. As 

a result of ozonation, there was a change in the surface properties. Adsorption and desorption of TEs depended on the 

type of ENMs and TEs.  

  

Funding: This project has received funding from the European Research Council (ERC) under the European Union's   

Horizon 2020 research and innovation program under grant agreement No GA 699794. 
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Regular Session 5: 84617 

 

Ocean trace element biogeochemistry: new insights after more than a decade of the International 

GEOTRACES Programme   

 

Eric Achterberg 

GEOMAR - Helmholtz Centre for Ocean Research Kiel 

 

eachterberg@geomar.de 

 

The worlds’ oceans play a key role in the earth climate system. Oceans take up large amounts of atmospheric CO2 

through physical and biological processes, and thereby buffer climate change. The supply of macro-nutrients, including 

phosphorus, nitrogen and silicic acid controls the productivity of phytoplankton in the ocean and consequently the ocean 

CO2 uptake by biological processes. In recent years it has become clear that a low supply of iron can limit productivity 

in about 40% of the worlds’ oceans. Furthermore, important roles in controlling ocean productivity for cobalt, 

manganese and zinc have recently been demonstrated. These trace elements are essential for phytoplankton in various 

biochemical roles and thus serve as micronutrients. 

The International GEOTRACES was initiated in the mid 2000s and has as aim to identify processes and quantify fluxes 

that control the distributions of key trace elements and isotopes (TEIs) in the ocean, and to establish the sensitivity of 

these distributions to changing environmental conditions. As part of GEOTRACES a host of research cruises has been 

conducted in ocean basins along zonal sections to determine in detail the distributions, sources and sinks of TEIs in the 

water column. Our team has been leading a range of GEOTRACES activities, where we combine the use of TEIs as 

tracers for flux processes (e.g. helium isotopes for hydrothermal inputs, aluminium for atmospheric inputs, manganese 

and radium isotopes for benthic supply) to investigate the biogeochemical cycling of TEIs, and their interactions with 

surface ocean productivity and the carbon and nitrogen cycles (incl. diazotrophy). This presentation will report on our 

findings in the Arctic, Atlantic, Pacific and Southern Oceans and highlight the critical roles of TEIs in the present and 

future oceans. 
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Regular Session 6: 85243 

 

Anthropogenic pollutants: Impact of heavy metals and microplastics on mud crab ecosystem 

 

Su Shiung Lam and Wan Adibah Wan Mahari 

 

lam@umt.edu.my 

 

Mud crab is an emerging shellfish species that has high value and demand from global market, thus serving as one of 

the primary sources of income for small-scale fishers throughout the world. There are many agricultural and industrial 

activities occurring along the river mouths and mangrove areas, producing wastes and pollutants that release into the 

rivers and contaminate the species that live in the river's mouth at the surrounding area, including the mud crabs. This 

review mainly focuses on toxic contaminants such as heavy metals (HM) and microplastics are continually released into 

aquatic ecosystems from natural and anthropogenic sources. This causes detrimental effects and serious threat to the 

aquatic ecosystems due to their bioaccumulation and biomagnification in the food chain. This review also includes a 

comprehensive discussion on the effects of various chemical contaminations on mud crabs and determine the alterations 

that may occur in the tissues and organs of mud crabs due to the toxicity of pollutants. This review reveals that HM and 

microplastics can negatively affect various cellular and molecular processes, including increasing oxidative stress and 

inhibition of the energy metabolism, thus require immediate action to save mud crab ecosystem and achieve food 

security. 
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Regular Session 7: 84033 

 

The metal hyperaccumulator plant Arabidopsis halleri: exceptionally large within-species variation in 

metal-related extreme traits and approaches towards understanding its genetic basis 

 

Ute Krämer, Natalia Wozniak, Menghan Zhao, Nadezda Janina, Boas Pucker, Lara Suckut and Vinod Kumar 

Ruhr University Bochum 

 

Ute.Kraemer@ruhr-uni-bochum.de 

 

The zinc and cadmium hyperaccumulator plant Arabidopsis halleri is among the closest relatives of the classical genetic 

model plant Arabidopsis thaliana. In contrast to A. thaliana, populations of A. halleri are naturally found in extreme 

habitats on so-called calamine metalliferous soils containing highly toxic levels of zinc (Zn), cadmium (Cd), lead (Pb) 

and sometimes copper (Cu), yet ordinary non-metalliferous soils host the majority of A. halleri populations. In all natural 

populations of Arabidopsis halleri, at least some individuals accumulate hyperaccumulator levels of Zn above 3,000 µg 

g-1 leaf dry biomass, and sometimes also of Cd above 100 µg g-1 leaf dry biomass, on both metalliferous and non-

metalliferous pristine soils. Given that Zn hyperaccumulation is ubiquitous in A. halleri, irrespective of the soil type of 

origin, it is unsurprising that previous laboratory-based studies reported species-wide metal hypertolerance far above 

basal levels of tolerance found in all plants including A. thaliana. Yet, A. halleri originating from highly heavy metal-

contaminated soils exhibit enhanced metal hypertolerance. In order to obtain insights into the genetic basis underlying 

the extraordinarily large within-species variation in leaf metal accumulation and metal tolerance in A. halleri, we 

combine several genetic and genomic approaches, taking advantage of high-throughput nucleic acid sequencing. Short-

read re-sequencing of about 900 Arabidopsis halleri individuals revealed the species-wide population structure, and 

genome-wide association studies have identified the genetic architecture of metal-related extreme physiological traits 

in A. halleri. Quantitative Trail Locus (QTL) mapping suggests the contribution of only few major loci to enhanced 

metal hypertolerance in A. halleri. As a complementary approach, large-scale transcriptomics are in progress to address 

how metal homeostasis networks are modified upon multiple repeated, presumably regional, colonization events of 

metalliferous soils. Our results will allow advances in the development of phytoremediation and phytomining 

technologies and provide insights into the ecological role and evolution of trace element-related physiological traits in 

plants. 
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Regular Session 7: 84673 

 

Arsenic hyperaccumulation by As-hyperaccumulator Pteris vittata:  molecular mechanisms and 

potential application 

 

Lena Q. Ma 

Zhejiang University 

 

lqma@zju.edu.cn 

 

Arsenic pollution in the environment is of major public concern in many countries mainly due to its carcinogenicity and 

ubiquity. In soils, arsenic mainly exists in inorganic form, including arsenate (AsV) and arsenite (AsIII). For AsV, it 

predominates in aerobic soils and is the major form for plant uptake including arsenic-hyperaccumulator Pteris vittata.  

Due to its efficiency in arsenic-hyperaccumulation, P. vittata has been used to phytoremediate arsenic-contaminated 

sites. This presentation will focus on the molecular mechanisms responsible for the efficient arsenic hyperaccumulation 

by P. vittata, which attributes to its efficient uptake by the roots via phosphate transporters (PvPht1;1-1:6), reduction of 

AsV to AsIII in the roots and fronds via arsenate reductases (PvHAC1-2), and translocation of AsIII to the fronds, and 

sequestration of AsIII into frond vacuoles via arsenite antiporters (PvACR3-3;3). Further, some application of P. vittata 

in phytoremediating arsenic-contaminated soil and water will be presented.   
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Regular Session 8: 82799 

 

Biogeochemistry of vanadium and microbial remediation 

 

Baogang Zhang 

China University of Geosciences, Beijing 

 

baogangzhang@cugb.edu.cn 

 

Mineral smelting and fossil fuel combustion activities release large amount of vanadium into geological environment, 

resulting environmental pollution. The toxicity of vanadium increases with the increase of valence. Pentavalent 

vanadium [V(V)] is the most toxic. This study reveals biogeochemical processes of vanadium in Panzhihua, China, 

world-famous for vanadium storage and production. Vanadium distributions and microbial responses are studied. Soil 

at smelting site is the most heavily contaminated, and its vanadium content is multiple times higher than background 

value. Vanadium has strong impacts on microbial communities. The migration and transformation of vanadium is 

significantly affected by co-existing electron donors (organics, hydrogen and methane), electron acceptors (nitrate, 

sulfate) and pollutants (chromate, pentachlorophenol). Indigenous microorganism can successfully bioreduce V(V) to 

less toxic and insoluble tetravalent vanadium [V(IV)], achieving in situ remediation. Supplementary solid inorganic 

electron electrons as elemental sulfur and zero-valent iron can support this biotransformation efficiently. 

Bioelectrochemical intensification can further improve the effectiveness. This study is helpful to reveal biogeochemical 

fates of vanadium in smelting site and provides promising alternatives to successful remediation. 
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Special Session 1: 83591 

 

Metal detoxification using thermoacidophilic cyanidiales: Development of novel and green 

biomaterials for metal remediation 

 

Yen-Lin Cho¹, Yu-Ting Liu¹ and Liang-Ching Hsu² 

¹ National Chung Hsing University, ² National Synchrotron Radiation Research Center 

 

yliu@nchu.edu.tw 

 

Thermoacidophilic Cyanidiales maintain a competitive edge to accommodate themselves to extreme environments 

suffered from heat, acid, salts, absolute anaerobicity, and metals. Probably attributable to horizontal gene transfer (HGT) 

from prokaryotes, Cyanidiales enable the prominent metabolic adaptability and acceptance for As and Hg. In which, the 

oxidation and methylation was considered as the detoxification process of highly toxic arsenite for Cyanidiales. In 

addition to the HGT, there must be newly unidentified strategies that have been exploited by Cyanidiales for metal 

detoxification. Our previous study demonstrated that Cyanidiales are able to resist the Pb stress via four mechanisms: 

(1) the defense line provide by polysaccharide, (2) the inorganic Pb-PO4 precipitation, (3) the organic Pb complexation 

concomitant with the transport to cell vacuoles, and (4) the specific thiol-Pb chelation involved in disruption of protein 

secondary structures. Notably, individual Cyanidiales species emphasized unique Pb tolerance mechanisms, bringing 

about the Pb sorption capacity ranging from 38.2 – 298.4 mg g-1. Regarding the tolerance for Cr(VI) stress, various 

Cyanidiales species could reach the sorption capacities of 168.1 mg g-1 at pH 2.0 and 93.7 mg g-1 at pH 7.0, which were 

considerably greater than that of other biological materials at comparable pH. Wherein, 89% and 62% of sorbed Cr at 

pH 2.0 and pH 7.0 was concurrently reduced to less toxic and mobile Cr(III). Apart from the Cr(VI) that sorbed on algal 

surfaces, the in vitro Cr(III)-polysaccharide complexes and in vivo Cr(OH)3 evidenced the reduction capability of 

extracellular polymeric substances and thiol groups on cysteine of Cyanidiales. Particularly, relatively steady proportion 

of Cr(OH)3, irrespective of Cr sorption amounts, might be the key to promote the Cr sorption capacity. Beyond the metal 

removal, Cyanidiales are expected to serve as the alternative material for the chemical coagulant in wastewater treatment 

to diminish the sludge production. To sum up, Cyanidiales are promising biomaterials to attain the green and sustainable 

metal remediation, especially in extreme environmental conditions. 
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Special Session 1: 84676 

 

Speciation of silicon in tropical agricultural soils using X‐ray absorption spectroscopy 

 

Worachart Wisawapipat¹, Apinya Saentho¹, Nattaporn Prakongkep², Wantana Klysubun³, Carin Sjöstedt⁴ and Jon 

Petter Gustafsson⁴ 

¹ Kasetsart University, Faculty of Agriculture, ² Land Development Department, ³ Synchrotron Light Research 

Institute, ⁴ Swedish University of Agricultural Sciences 

 

worachart.w@ku.th 

 

Silicon (Si) is the second most abundant element in the earth’s crust and is important for the soil-plant-animal-human 

continuum since it can react with oxyhydroxides of metals (e.g., Fe and Al) and clay minerals as sorbed species and can 

alter metal oxyhydroxides reactivity for nutrient and toxic element retentions. The Si availability in soil systems is 

somewhat limited and mainly controlled by soil minerals, particularly quartz and clay minerals. To date, the fates of Si 

in soil systems are primarily based on the X-ray diffraction (XRD) technique, with very limited information about Si 

speciation using Si K-edge X‐ray absorption near‐edge structure (XANES) spectroscopy. A spectral library of Si 

standards representing major Si species in soil systems is also seriously lacking. Herein, we build up a spectral standard 

set of Si references, including silicate salts, silicate minerals, Si sorbed to clay minerals and Fe/Al oxyhydroxides, and 

Si-Al/Fe oxyhydroxides-humic complexes. The obtained spectra revealed prominent features of the pre-edge, white line 

(energy and intensity), and post-edge (energy) regions, which prominently differed among the metal groups of standard 

references. Spectral feature differences and linear combination fitting (LCF) of the reference standards shed light on the 

potential use of Si K-edge XANES for determining Si speciation in tropical soil clay samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
61



 

 

Special Session 1: 85270 

 

Developing high throughput techniques using X-ray fluorescence microscopy 

 

Enzo Lombi¹, Casey Doolette¹, Alex Johnson² and Peter Kopittke³ 

¹ University of South Australia, ² The University of Melbourne, ³ The University of Queensland 

 

enzo.lombi@unisa.edu.au 

 

A number of synchrotron-based techniques are increasingly being used to investigate micronutrients and contaminant 

metals in plant-soil systems. The advantages of these techniques are well known: minimal sample preparation, high 

spatial resolution, ability to probe the speciation of elements in situ. However, until recently, synchrotron techniques 

have been considered generally ‘slow’, in comparison with other methods, providing very detailed information on a 

few, small samples. This has changed with the advent of fast and sensitive detector technologies that have completely 

transformed the way we approach synchrotron experiments and the information we can obtain. For instance, in the last 

few years, unprecedented rates of data acquisitions is blurring the divide between imaging and speciation techniques 

due to the developments of methods such as XANES-imaging. Furthermore, we have recently developed a tandem XFM 

technique that, for appropriate samples, doubles the throughput potential of beamlines. These advances, have allowed 

us not just to probe larger samples and more samples, they have also decreased the risk of beam damage and in-vivo, 

time series experiments are now possible. In this presentation we will discuss how new technologies and approaches 

have changed the information we can obtain from synchrotron experiments and how their design has changed over time. 

Examples from large DGT mapping experiment, including the development of new devices and tandem analyses, as 

well as high throughput screening of plant genotypes and time-resolved plant studies will be presented. 
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Special Session 2: 85153 

 

Managing cadmium in agricultural systems 

 

Erik Edward Smolders¹, Fang-Jie Zhao, Mike McLaughlin, Cynthia Grant and Daniella Montalvo 

¹ KU Leuven 

 

erik.smolders@kuleuven.be 

 

Cadmium (Cd) is a naturally occurring element present in all soils but its concentration has been increased by 

application, sewage sludge, animal manure and by atmospheric deposition. The primary risk pathway to humans is 

exposure through dietary intake in foods and by inhalation through smoking. Despite numerous regulations to limit Cd 

exposure, risks remain and may even increase in some developing countries. This paper will revise the main pathways 

of Cd in the journey of Cd between soil and the human gut with due attention to health risks and regulations worldwide. 

Our understanding of the mechanism of root Cd uptake, translocation and accumulation in shoots, grains and tubers has 

advanced significantly and farmers now have the option to manage Cd through choice of crop and/or cultivar. At the 

same time, genetic technologies offer great promise to develop low Cd-accumulating cultivars through our knowledge 

of the genes responsible for Cd uptake, translocation and sequestration in plants. High-risk soils can now be identified 

by soil testing and various agronomic or post-harvest options are available to minimise risks. Combined, these 

management options will have much quicker results in reducing Cd concentrations in foods than reductions in Cd inputs 

in fertilizers, manures or atmospheric sources. 
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Special Session 3: 82992 

 

Dealing with too little: The Zn deficiency response in land plants 

 

Ana Assunção  

University of Copenhagen, Denmark 

 

agla@plen.ku.dk 

 

All organisms require zinc (Zn) as an essential micronutrient due to its structural and catalytic role in many proteins. 

Membrane transporters and low-molecular-weight ligands play a major role in maintaining an adequate Zn distribution 

and intracellular availability, which requires a tight regulation to avoid Zn deficiency or toxicity. In Arabidopsis 

thaliana, bZIP19 and bZIP23 transcription factors are the central transcriptional regulators of the Zn deficiency 

response. They are F-group basic leucine-zipper proteins (F-bZIP), characterized by a cysteine(Cys)/histidine(His)-rich 

motif domain. bZIP19 and bZIP23 transcription factors also function as sensors of intracellular Zn concentration, 

through direct binding of Zn2+ ions to the Cys/His-rich motif, now termed Zn-sensor motif (ZSM). bZIP19/23 activity 

regulate cellular Zn levels through Zn-dependent changes of their target genes expression. These targets encode Zrt/Irt-

like protein (ZIP) transporters, involved in cellular Zn uptake, and NAS enzymes that produce the Zn ligand 

nicotianamine (NA), involved in Zn distribution. Interestingly, mutations in the ZSM of AtbZIP19 led to a Zn-

independent activation of the target genes, and to a significant increase in Zn concentration in leaves and seeds. There 

is evidence for evolutionary conservation of the F-bZIP-regulated Zn deficiency response across land pants, which opens 

opportunities for translational approaches to develop crops with improved Zn nutritional content (biofortified) and 

improved resilience to Zn-deficient soils. This is significant considering that Zinc-deficient soils are widespread globally 

and human Zn malnutrition affects about one-third of the world’s population. Here, I will present an overview of the 

research developed at my lab, where we investigate these and other aspects of the F-bZIP regulatory network, including 

the F-bZIP Zn-sensor function and the role of F-bZIP targets in the Zn deficiency response. New findings include 

analysis of the effect of AtbZIP19 ZSM mutations on plant performance and ionome profile and discussion of its 

relevance and application in crops. Finally, the integration of this knowledge in an evolutionary perspective is also 

addressed. 
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Special Session 3: 83037 

 

X-ray fluorescence microscopy for unravelling the secrets of hyperaccumulator plants 

 

Antony van der Ent 

Wageningen University & Research 

 

antony.vanderent@wur.nl 

 

Hyperaccumulators are attractive models for studying metal(loid) homeostasis and probing the spatial distribution and 

coordination chemistry of metal(loid)s in their cells and tissues is important for advancing our understanding of their 

evolution, ecophysiology, biochemistry, and molecular biology. Methods based on the X-ray fluorescence (XRF) 

phenomenon are attractive because they are intrinsically non-destructive and give access to most elements in the periodic 

table. Synchrotron X-ray fluorescence microscopy (XFM) is a powerful technique based on XRF to produce elemental 

maps of samples by raster-scanning the sample through a focused X-ray beam and collecting and analysing the emitted 

XRF photons in each pixel. XFM can be used to quantitatively determine elemental concentrations in plant samples 

attaining a spatial resolution of 0.5–2 μm and detection limits down to 10 μg g-1 for transition element in areas of up to 

100x100 mm in size. This approach is unique in providing in situ information, and with appropriate sample preparation 

offer results true to biological conditions of the living plant. New fast detector systems enable mapping of not only 

hydrated plant organs, such as leaves, but of whole live plants and even of time-series after exposure to a metal(loid). 

The last development in this field is the practical implementation of XFM computed tomography (XFM–CT) which 

enables “virtual sectioning” of a sample thereby entirely avoiding artefacts arising from destructive sample preparation. 

XFM can play a key role in answering questions at every level of metal(loid) homeostasis and regulation in plants, from 

the rhizosphere interface to uptake pathways in the roots and translocation through the shoot. Further improvements in 

the technical capabilities of synchrotron facilities and laboratory-based systems offer exciting perspectives for the 

investigation of hyperaccumulator plants into the future. In this presentation I will show various examples of 

hyperaccumulator studies to illustrate the usefulness of this technique. 
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Special Session 4: 83770 

 

New approaches in remediation of toxic trace metal contaminated sediments 

 

Meththika Vithanage 

University of Sri Jayewardenepura 

 

meththika@sjp.ac.lk 

 

Contaminated sediments that have been resuspended into the water column or hazardous metals uptake from topsoil can 

expose aquatic or terrestrial creatures, which can then result in bioconcentration, bioaccumulation, and 

biomagnification, which could create health risks. The most typical way to measure metal contamination in sediments 

is to measure total or total-recoverable metal concentrations, however metal concentrations in labile sediment fractions 

from selective sediment extraction techniques may better reflect metal bioavailability. Further, pore-water metal 

concentrations are frequently seen as direct indicators of metal bioavailability, though the attention lacks. Hence, it is 

essential to accurately estimate the risks and then remediate. Various physical, chemical and biological approaches have 

been tested for the remediation of toxic metal from the sediments such as application of nanomaterials, electrokinetics, 

microbial approaches, however, only a few has been practiced in the reality due to the techno-economic constraints. The 

fate, transport, and mobility of heavy metals at the sediment-water interface are all greatly influenced by redox processes 

and microbial activity, ultimately impact on the distribution of toxic trace metals throughout the food chain. Numerous 

microbial mechanisms that affect the speciation and metabolism of toxic metals in sediments are important to be looked 

at. It also demonstrates the importance of contemporary biotechnologies and methods in enhancing microbial activities' 

capacity to change heavy metals efficiently and swiftly as biological techniques are time-consuming and unstable in 

remediation efficiency. The processes of phytostabilization and phytoaccumulation are promoted by chemical-

biological combined remediation. The potential for microbes to remediate toxic metal-contaminated sediments would 

be further increased by subsequent studies utilizing modern bio and phytotechnology, such as omics-based molecular 

techniques, nanotechnology, phytostabilizing and phytoactivator combined remediation.  

 
Keywords: Heavy metals, Bioavailability, Phytostabilization, Omics-based molecular techniques, Nanotechnology, 

Health risk 
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Special Session 5: 84643 

 

Effects of climate change on biogeochemistry of trace element contaminants in coastal waters 

 

Dario Omanović¹, Rebecca Zitoun², Saša Marcinek¹, Vanessa Hatje³, Alessandro Tagliabue⁴, Christopher Völker⁵, 

Manmohan Sarin⁶ and Sylvia Sander² 

¹ Ruđer Bošković Institute, ² GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany, ³ Universidade Federal 

da Bahia, ⁴ University of Liverpool, ⁵ Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research,        

⁶ Indian National Science Academy 

 

omanovic@irb.hr 

 

Climate change (CC), which is mainly considered to be anthropogenically induced, is associated with various effects 

that occur both in coastal areas and in the open ocean. Ocean warming, acidification, deoxygenation and primary 

production related changes are the main CC drivers in marine ecosystems induced by the changes on a global scale. 

Coastal regions are particularly vulnerable due to various processes occurring at the land-sea boundary, such are sea-

level rise, ice melting, changes in circulation/mixing, salinisation and extreme events (floods, fires, dust, erosion). Due 

to the interdependencies, multiple stressors must be considered simultaneously when studying impacts on marine 

ecosystems. In this talk, the most important CC drivers and their effects on the transport, fate and biogeochemistry of 

trace element contaminants, including their toxicity in coastal ecosystems will be presented. First, the sensitivity of the 

different trace element sources will be reviewed, followed by a discussion of the CC impacts on the trace element 

cycling. Identified knowledge gaps and recommendations for future research directions in marine ecosystems will be 

elaborated. 
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Special Session 6: 84231 

 

Recovery of rare earth elements from acid mine drainage by supported liquid membrane separations 

 

Heileen Hsu-Kim and Andrew Middleton 

Duke University 

 

hsukim@duke.edu  

 

Waste streams such as acid mine drainage (AMD) are a potential low-grade resource of critical minerals such as rare 

earth elements (REE). Such wastes tend to be geographically dispersed and contain a variety of impurities that are 

barriers for efficient purification of REE (herein defined as the 14 stable lanthanides, yttrium and scandium). Thus, the 

recovery REE from mine drainage requires modular technologies that can be customized for each waste site. Supported 

liquid membrane (SLM) separation is an approach that could meet such needs. This approach is similar to solvent 

exchange processes except that the REE-chelating organic phase is embedded in a hydrophobic membrane. This 

membrane acts as a cation exchange ‘filter’ to selectively partition REE ions from the feed solution on one side of the 

membrane into the acid stripping solution on the other side of the membrane. A potential advantage of the SLM process 

is that it requires much less volume of hazardous organic solvents than the conventional approach.  

SLM-based separations were tested on AMD samples collected at 7 different sites in western Pennsylvania (USA), and 

selected to represent the typical composition of REE-rich AMD sources. Separation fluxes of REE strongly depended 

on feedstock composition variables, including the pH and soluble Fe and Al concentrations. For AMD samples that 

were allowed to age in ambient conditions prior to SLM separation, REE recovery rates were significantly decreased 

due to the oxidation of ferrous Fe(II) species and the formation of Fe(III) as a major interfering ion. Filtration of freshly 

collected AMD limited Fe(II) oxidation, enabling flexibility in feed stock storage time for AMD prior to REE separation. 

Altogether, this work highlights the need to consider the chemical composition of low-purity sources and relative 

selectivity of competing ions in the development of REE separation technologies. 
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Special Session 7: 82838 

 

Nano zerovalent iron particles for soil remediation: Potentials and drawbacks 

 

Michael Komárek 

Czech University of Life Sciences Prague 

 

komarek@fzp.czu.cz 

 

Iron-based amendments have been intensively studied for the remediation of contaminated soils and aquifers for many 

years as analogues of natural ubiquitous soil Fe phases - highly important compounds of the soil sorption complex. Due 

to their unique properties, the commercial application of nanoparticles (with one dimension under 100 nm) is rapidly 

increasing. Besides other fields, engineered nanoparticles can be also used for environmental management, either 

through prevention or treatment and remediation of contaminated sites. The combined use of nanotechnologies and 

biotechnologies for soil remediation (e.g., aided phytostabilization) is an emerging and environmentally friendly method 

with significant scientific and technological potential. The regulatory framework generally assumes that engineered 

nanoparticles possess toxicity and risk equivalent to those materials with larger particles, but the smaller size of 

engineered nanoparticles results in entirely different physical-chemical properties. Engineered Fe nanoparticles, i.e., 

nanoscale zerovalent iron particles (nZVI) and their oxidation products represent promising materials for gentle 

remediation of contaminated soils. Since knowledge about engineered nanoparticles regarding their interaction with 

biota and toxicity is still limited, their full-scale application and use for remediation remains problematic as there is still 

a number of open questions concerning the cost-efficiency phytotoxicity, ecotoxicity and bioaccessibility of engineered 

nanoparticles that need to be evaluated in more detail. Also, the use of nZVI in composites materials (e.g., biochar-

nZVI) could further enhance the efficiency and lower the potential negative effects. This contribution aims at 

summarizing works focused on the use of nZVI in soil remediation and open discussion about the potential perspectives 

and drawbacks associated with this approach within the Special Session: Iron-based Amendments for Environmental 

Remediation. 
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Special Session 8: 84772 

 

Air-surface exchange of atmospheric mercury over terrestrial forest ecosystem 

 

C. Jerry Lin¹, Xinbin Feng², XUN Wang², Wei Yuan² and Jonas Sommar² 

¹ Lamar University, ² Institute of Geochemistry 

 

lincx@lamar.edu  

 

Mercury is a globally distributed toxic metal regulated by the United Nations Environmental Programme (UNEP). Both 

human activities and natural processes release mercury into the atmosphere. Once in the atmosphere, mercury undergoes 

long-range transport and subsequently deposits in terrestrial and aquatic ecosystems where highly toxic methylmercury 

is formed and bioconcentrated. To protect human health and the environment from impacts of anthropogenic mercury 

emissions, UNEP’s Minamata Convention on Mercury, a legally binding international treaty, entered into force in 

August 2017. However, significant knowledge gaps in global mercury cycling, coupled with the forcing of changing 

climate, challenge our ability to assess the effectiveness of the Convention in reducing human and wildlife exposure. In 

this paper, a state-of-science synthesis regarding the source and fate of mercury in the global terrestrial ecosystem will 

be presented, with a focus on the processes governing the transport, transformation and accumulation in tropical and 

alpine forests.  
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Special Session 9: 85794 

 

Microorganisms involved in methylmercury degradation and mercury reduction are globally 

distributed and active in the ocean 

 

Andrea G Bravo, Isabel Sanz-Sáez, Joan-Martí Carreras, Olga Sánchez¹, Marta Sebastián², Clara Ruiz-González²,  

Eric Capo, Josep M.  Gasol, Carlos M. Duarte, Pablo Sánchez and Silvia G. Acinas³ 

¹ Autonomous University of Barcelona, ² Institut de Ciències del Mar (ICM-CSIC), ³ Institute of Marine Science 

(ICM-CSIC) 

 

andrea.bravo@icm.csic.es 

 

Microbes are important drivers of biogeochemical processes determining the fate of mercury (Hg) in the aquatic systems. 

In particular, they have a relevant role on formation and degradation of methylmercury (MeHg) but also on the reduction 

of inorganic divalent Hg (HgII) to elemental Hg0. Yet, little is known about the diversity and expression of the organisms 

involved in MeHg demethylation and HgII reduction, which are carried out by the merB and merA genes, respectively. 

We explored the distribution of these genes in 290 marine heterotrophic bacteria (Alteromonas and Marinobacter spp.) 

isolated from different oceanographic regions and depths, and assessed their tolerance to diverse concentrations of Hg2+ 

and MeHg. Moreover, we explore the temperate global deep ocean metagenomes and metatranscriptomes of the 

Malapasina 2010 circumnavigation from two different plankton size fractions (0.2-0.8 μm and 0.8-20 μm), commonly 

referred to the life-style of free-living and particle-attached microorganisms, respectively. We observed that the 

abundance patterns of merA and merB responded to the life-style of the organism, with higher abundance in the particle-

attached size fraction, as well as the oceanographic basin. Interestingly, the metatranscriptomes revealed that expression 

patterns of merA and merB genes differed with their corresponding abundances. For example, merA and merB 

expression patterns in the Canary Islands basin were significantly lower in particle-attached compared to the free-living 

fraction. Alteromonas and Pseudoalteromonas (gammaproteobacteria) were important contributors to both the 

abundance and expression of merA and merB at a global scale. This study represents the first global deep ocean analysis 

of the merAB genes and transcripts and reveals the main players involved in the divalent-Hg reduction and MeHg 

degradation in the marine Hg biogeochemical cycle. 
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Special Session 10: 84077 

 

Mechanistic principles of mercury availability for microbial methylation 

 

Erik Björn 

Umeå University 

 

erik.bjorn@umu.se 

 

The formation and spread of methylmercury (MeHg) can cause severe environmental and health issues as the compound 

is neurotoxic and accumulates in food webs. In nature, MeHg mainly originates from microbial methylation of inorganic 

divalent mercury (Hg(II)). A key step in this process is the cellular uptake of Hg(II) by such microbes. Our understanding 

of the mechanisms for Hg(II) uptake and the factors controlling Hg(II) availability for uptake are, nevertheless, still 

incomplete. As a consequence, the availability of Hg(II) for methylation is typically not parameterized in current Hg 

cycling models, which severely hampers quantitative predictions of MeHg formation and concentrations in the 

environment. This presentation aims to formulate mechanistic principles (based on current state-of-the-art knowledge) 

of Hg(II) availability for microbial methylation. Focus will be given to the importance of thermodynamic stability and 

sterically hindrance effects of Hg(II) species and interactions of such species with cell membranes. Both thermodynamic 

and kinetic aspects of these processes will be discussed. A second aim of the presentation is to point to critical knowledge 

gaps regarding Hg(II) availability. This discussion will include aspects relevant to environmental change processes such 

as thawing permafrost, the spread of oxygen deficiency in marine waters and redox oscillation processes in soils and 

sediment. The mechanistic principles of Hg(II) availability for microbial methylation discussed in this presentation may 

serve as a useful basis for interpretation of results from experimental and observational studies, for refined 

parameterization of Hg(II) methylation in Hg cycling models and for future research efforts in the field. 
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Special Session 11: 90664 

 

Phosphorus cycling impacted by river-reconnection in the coastal zone 

 

John White 

Louisiana State University 

 

jrwhite@lsu.edu 

 

The Mississippi River drains 40% of the continental USA and two Canadian provinces, discharging into the Northern 

Gulf of Mexico.  During the past 100+ years, the lower Mississippi River was hydrologically isolated from the riparian 

coastal basins by levees in an effort to control flooding to human settlements leading to coastal submergence. The State 

of Louisiana is home to 40% of the USA’s coastal wetlands yet is now experiencing 80% of the coastal wetland losses.  

The 50-billion US dollar coastal restoration plan outlines implementation of built, controlled reconnections of the 

Mississippi River with the coastal basins, providing a source of fresh water, nutrients, and sediment.  The introduction 

of metal-rich sediment from the river into coastal marshes, composed of primarily organic matter, has potential for 

phosphorus (P) cycling and subsequent environmental impacts.  Of particular concern is the Fe-bound pool of P, which 

is subject to release to the water column after reduction in the flooded wetland soils and bay sediments upon deposition.  

While the Fe-bound pool of P is converted to Ca- Mg in our coastal systems, it is likely that the river discharge will 

freshen the surface water decreasing tidal exchange with the bays and wetlands.  The implications for a pulse of Fe-

bound P, followed by a significant release due to reduction of Fe, could lead to algal blooms which have been observed 

in other river-connected coastal basins.  The availability of P at a time when bioavailable N is low selects preferentially 

for some Harmful algal bloom species which could impact coastal fisheries.  The coastal basins of the northern Gulf of 

Mexico are home to a myriad of economically important fisheries with the recreational fisheries alone combining for an 

economic impact of over 10 billion dollars per year for the 5 Gulf coast states. 
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Special Session 12: 84042 

 

Current knowledge and prospects on the geochemistry of organic waste-borne Cu and Zn in 

agroecosystems 

 

Thiago Formentini 

Universidade de Blumenau (FURB) 

 

formentini@gmail.com 

 

Copper (Cu) and Zinc (Zn) are ubiquitous in modern society. In 2021, the world mined 21 million tons of Cu and 13 

million tons of Zn. Also essential to livestock, these metals prevent diseases and promote growth. Livestock feeds 

contain Cu and Zn supplements, but low body retention results in Cu- and Zn-rich livestock wastes. Every year, about 

165 thousand tons of Cu and 553 thousand tons of Zn are released into agroecosystems via spreading organic waste 

(mainly livestock waste) onto soils, i.e. almost 1 % of the Cu and more than 4 % of the Zn annual production. Macroscale 

investigations (e.g. mass balance, extractions) show that most organic waste-borne Cu and Zn accumulate within the 

soil surface layer. However, this generalization understates the complex interplay between the chemical speciation in 

the contaminant source and the soil environment conditions that can prove critical for the long-term environmental fate 

in ever-growing contaminated agroecosystems. 

For instance, four independent studies revealed in combination that Cu [1] and Zn [2] from anaerobically stored pig 

slurry accumulated in the soil via drastically different pathways than (i) Cu from swine manure compost [3] and (ii) Zn 

from stockpiled sewage sludge and poultry manure [4]. Furthermore, the rates and proportions at which Zn sulfide 

nanoparticles (commonly found in anaerobically digested organic wastes) broke down, sorbed to soil, or migrated to 

solution were in sharp contrast comparing a clayey to a sandy soil [5]. These and other recent investigations will be 

explored to underscore the geochemical processes controlling the fate of organic waste-borne Cu and Zn in 

agroecosystems. Finally, research gaps and opportunities for future studies will be highlighted.  
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Special Session 12: 84421 

 

Approaches to assess and manage the risks of excessive contamination of food crops by toxic trace 

elements in agroecosystem soils exposed to diffuse contaminations 

 

Christophe Nguyen¹, Zhongbing Lin¹, André Schneider¹, Thibault Sterckeman², Bofang Yan¹, Marie-Pierre Isaure³, 

Sandra Monicou³, Olaia Linero⁴, Yoann Viala¹, Benoît Méléard⁵, Agathe Roucou⁵ and Jean-Yves Cornu¹ 

¹ INRAE, Bordeaux Sciences Agro, UMR1391 ISPA, F-33882, Villenave d’Ornon Cedex, France, ² Université de 

Lorraine, INRAE, LES, ³ Université de Pau et des Pays de l'Adour, IPREM, ⁴ UPV/EHU; ⁵ Arvalis - Institut du 

Végétal, Boigneville, France 

 

christophe.nguyen@inrae.fr 

 

Diffuse contamination of cultivated soils by toxic trace elements (TE)  is increasingly becoming a serious concern when 

it comes to minimizing the impact on human health. Health authorities are multiplying the alerts demonstrating the risk 

of an excessive exposure of humans to toxic TEs (e.g for cadmium (Cd) and Nickel (Ni)). Therefore, regulation limits 

for TE in food products are becoming more strict, as illustrated for Cd (EC1323/2021). 

This presentation will show how both experimental work and mechanistic + statistical modelling can be complementary 

to assess and to manage TE accumulation in edible parts of crops. The presentation will concentrate on Cd because of 

its high toxicity and because of the current issues for human health but the approach aims at being generic. We will first 

focus on the understanding and the prediction of TE phytoavailability in agricultural soils exposed to diffuse 

contamination, with a particular interest on TE sorption onto the soil solid phase and complexation in the soil solution. 

Then, we will concentrate on the ecophysiology of TE allocation to plant organs in order search for traits that can be 

used in plant breeding for selecting genotypes that less accumulate toxic TEs. Finally, we will present tools that we 

developed to predict the risk for a food crop to not comply with the European regulatory limit for Cd content. The tools 

rely on the knowledge of dominant mechanisms governing crop contamination by soil TEs and they use machine 

learning methods to predict the risk from few soil and plant input variables. The models demonstrate good predictive 

performances and they can be used for individual risk assessment or for deriving soil maps of risks.  For durum wheat, 

the model is currently freely available as a web service (https://ispa.bordeaux.inra.fr/services/blesur/) and can readily 

be used by the agricultural sector. 
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Special Session 13: 85203 

 

Geochemical modelling of trace elements – From the lab to the field and beyond. 

 

Jan Groenenberg 

Wageningen University 

 

bertjan.groenenberg@wur.nl 

 

Geochemical modelling is an increasingly used tool to understand and predict the chemical speciation of trace elements 

in soils. Chemical speciation is of key importance to understand the (bio)availability of trace elements in soils which is 

relevant from both a soil fertility and environmental risk perspective. In this presentation we present a generic 

multisurface geochemical modelling approach which combines individual adsorption models for the major reactive 

surfaces in soils. This includes the NICA-Donnan model for ion binding to dissolved- and soil organic matter; the 

Generalized Two Layer Model (GTLM) or CD-Music surface complexation models for Fe/Al-oxides and an 

electrostatic Donnan model for clays.  

The generic model parameters for these models are based on fitting of experimental lab data including acid base and 

trace element adsorption studies of model systems being isolated and purified humic substances and laboratory 

synthesized metal-oxides. Because of the many parameters used in these models, optimal parameter sets are not always 

unique and therefore not always consistent among elements. Methods to constrain parameter fitting will be discussed. 

Applying multi surface models to field soils requires the characterization of their reactive components (active organic 

matter, reactive oxide surface). Advances in methods for characterization of these reactive components in situ will be 

discussed. Recent insight in the uncertainty of model predictions associated with uncertainties in model parameters and 

characterization of the reactive components will help to make well informed choices to enhance the applicability of 

these models.  

Finally, an outlook will be given on the development of models and applications including model development for metal 

binding to Mn-oxides and biochar. Recent model studies focus on the mechanistic understanding of mitigation strategies 

using mineral and organic amendments to reduce cadmium availability in soils and ultimately the reduction of Cd uptake 

by agricultural crops. 
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Special Session 14: 84539 

 

Ionic liquids: A greener alternative for metal extraction from aqueous solutions? 

 

Franz Jirsa 

University of Vienna, Austria 

 

franz.jirsa@univie.ac.at 

 

Ionic liquids (ILs) have been frequently proposed as environmentally friendly alternatives to traditional methods for 

heavy metal extraction from aqueous solutions. Those compounds, consisting solely of ions, exhibit a large spectrum of 

unique properties, including high thermal stability, very low vapor pressure, varying lipophilicity and recyclability, 

some of which are sought-after, environmentally favorable characteristics. The synthesis of task-specific ionic liquids 

(TSILs) has received increasing interest with regard to metal extraction because ILs can be “tailored” to meet the 

intended, special properties by introducing functional groups in cations as well as anions. Liquid-liquid extraction of 

metals from aqueous phases revealed a major drawback regarding green applicability: partial solution of the ILs during 

extraction, so-called leaching. Even if TSILs display excellent extraction capabilities, strong leaching can challenge 

their status as an environmentally friendly alternative, as toxicity of the TSIL often is not known or, if known, might 

exceed the toxicity of the metals removed. A variety of Ils, differing greatly in their hydrophobicity, has been synthesized 

in recent years. They were tested in liquid-liquid extraction experiments for their metal extraction capacities, as well as 

their leaching behavior; in addition, a first estimate of their ecotoxicity was carried out using freshwater algae in acute 

toxicity tests as well as the determination of maximum photochemical quantum yield of photosystem II under different 

ILs concentrations. A quantitative (>99%) removal of metals was achieved under several conditions and from several 

different matrices including drinking water and water with high salinity. Leaching values could be reduced below 1% 

loss of the applied IL. Toxicity assays revealed, that all ILs tested so far, must be considered acute toxicants for algae 

according to the Globally Harmonized System of the Classification and Labelling of Chemicals. Further research should 

therefore focus on IL ecotoxicity and biodegradability on one hand and on the development of environmentally friendly 

extraction setups on the other.     
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Special Session 15: 83772 

 

Roles of biochar in stabilization/solidification of waste incineration fly ash 

 

Daniel C.W. Tsang, Liang Chen and Yuying Zhang 

The Hong Kong Polytechnic University 

 

dan.tsang@polyu.edu.hk 

 

Low-carbon stabilization/solidification (S/S) is increasingly important for the sustainable treatment of hazardous wastes. 

In this study, we integrated carbon-negative rice husk biochar (RBC) and yard waste biochar (YBC) as green additives 

into the binder for S/S of municipal solid waste incineration (MSWI) fly ash. Experimental results illustrated that adding 

both biochars promoted cement hydration reaction via pozzolanic reaction and internal curing. In particular, the 

incorporation of 10 wt.% RBC (rich in activated Si) significantly increased the content of C-S-H gel from 41.6 wt.% 

(control sample) to 52.0 wt.% and increased the average degree of connectivity of C-S-H gel from 1.43 to 1.52 as 

indicated by quantitative X-ray diffraction and 29Si nuclear magnetic resonance analysis. Incorporating RBC and YBC 

(20 or 30 wt.%) enhanced the immobilization efficiency of potentially toxic elements in MSWI fly ash due to the 

additional hydration products and high adsorption ability of biochar. For instance, in R-80FA and Y-80FA samples 

(namely, 20 wt.% binder dosage, of which RBC or YBC accounted for 10 wt.% of binder), the immobilization efficiency 

for Pb could reach 96.2% and comply with the leachability limit. The biochar-modified S/S specimen achieved 

comparable strength to the cement-based S/S blocks, exhibiting a mechanically stable solidified matrix for engineering 

application. Therefore, this study expands the emerging application of biochar and demonstrates that biochar-augmented 

binder can ensure low-carbon and high-performance S/S of hazardous waste incineration fly ash. 
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Special Session 15: 85060 

 

Engineered biochar for immobilization of heavy metals 

 

He Pan ¹, Xing Yang², Hanbo Chen¹ and Hailong Wang¹ 

¹ Foshan University, ² Hainan University 

 

hailong.wang@fosu.edu.cn 

 

In the current study, biochars derived from pig carcass (PB) and green waste (GWB), and their iron-engineered products 

(Fe-PB and Fe-GWB) were applied (3%, w/w) to an acidic (pH = 5.8) soil, and incubated to test their efficacy in 

improving soil quality and immobilizing arsenic (As = 141 mg kg-1) and lead (Pb = 736 mg kg-1). Soil properties, 

microbial activities, and the geochemical fractions and potential availabilities of As and Pb were determined in the non-

treated (control) and biochar-treated soil. Modification of PB (pH = 10.6) and GWB (pH = 9.3) with Fe caused a decrease 

in their pH to 4.4 and 3.4, respectively. The application of PB and GWB significantly increased soil pH, while Fe-PB 

and Fe-GWB decreased soil pH, as compared to the control. Application of Fe-GWB and Fe-PB decreased the 

NH4H2PO4-extractable As by 33 and 36%, which was more effective than addition of GWB and PB. However, PB and 

GWB were more effective than Fe-PB and Fe-GWB in Pb immobilization. Compared to the control, the DTPA-

extractable Pb decreased by 21 and 22%, respectively, following PB and GWB application. Both biochars, particularly 

PB significantly increased the 16S rRNA bacterial gene copy numbers, indicating that biochar amendments enhanced 

the bacterial abundance, implying an alleviation of As and Pb bio-toxicity to soil bacteria. The results demonstrated that 

pristine pig carcass and green waste biochars were more effective in immobilizing Pb, while their Fe-engineered 

biochars were more effective in As immobilization in co-contaminated soils. 
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Special Session 16: 83855 

 

Wet, dry and hot: Climate change influences on Sb mobilisation 

 

Susan C. Wilson¹, Steven Doherty and Matthew K. Tighe ¹  

¹ University of New England 

 

swilso24@une.edu.au 
 

Climate change is increasing the frequency and intensity of drought, flooding and wildfires across the globe. The 

extreme climatic events and large fires have significant and compounding effects in river catchments; degraded water 

quality, increased soil erosion, changed sediment transport, enhanced movement of nutrients and carbon, altered 

mineralogy in soils. This also has potential to significantly influence the mobilisation of contaminant trace elements. 

Antimony (Sb) frequently contaminates mining catchments, with huge environmental dispersions well documented in 

China, Australia and elsewhere. Much has been revealed on Sb’s biogeochemical cycle; but how the recently increasing 

extreme climate events may change its environmental speciation, mobility and sequestration is not yet known. This 

knowledge is important for accurate assessment and management of risks posed by Sb in the environment. In this work, 

we document the current knowledge on Sb for these extreme events, with some comparisons to As. We also use samples 

collected in the mining contaminated Macleay River of northern New South Wales, Australia, over the drought, bushfire, 

and flooding period of 2017 – 2022, to further explore how risk presented by Sb may be modified, so that we can 

appropriately engineer management protection and future proof our rapidly changing environment. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
80



 

 

Special Session 16: 84063 

 

Antimony and its compounds in a 3Cs world 

 

Montserrat Filella¹  

University of Geneva 

 

montserrat.filella@unige.ch 
 

EU policies are guided by three objectives often referred to as the "3Cs": Chemical Safety, Circularity and Climate. On 

chemical safety, for more than 15 years the EU's chemicals management under REACH has focused on risk management 

of hazardous substances and substitution of the most dangerous ones to minimise exposure of workers, citizens and 

ecosystems. The two other EU policy objectives driving the "Green Pact", climate neutrality by 2050 and the circular 

economy objective, must be taken into account when assessing the responsible and safe use of any chemical substance. 

The current situation in the case of antimony and the role of science in ensuring progress will be discussed. 
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Special Session 17: 84177 

 

Recovery of bismuth from solid impurity streams generated during the primary production of copper 

 

Patricia Cordoba Sola, Samanta Rojas Catro and Jordi Belles Felip 

Institute of Environmental Assessment and Water Research (IDAEA-CSIC) 

 

patricia.cordoba@idaea.csic.es 

 

In recent years, high purity copper (Cu) deposits have become less common and most of the existing mines are nearing 

their end-of-exploitation. As a result, the Cu industry sector has been in the need of exploiting low quality Cu deposits 

with high impurity levels. Some of these contaminants such as arsenic (As) are toxic and must be eliminated. On the 

other hand, high contents of contaminants such as bismuth (Bi) can become an added value by-product. In the process 

of the primary production of Cu, as part of the depuration system, the exhaust flue gas from the Cu matte converter, 

which can have a high particle load, is de-dusted in hot electrostatic precipitators (ESP) before being pumped towards 

gas cooling and scrubbing processes. The resulting by-product that is thus generated is the ESP converter dust, which is 

highly enriched in Bi among other elements, such as Cu, Zn, As, and Pb. In this study, we have studied Bi speciation 

per size fraction by different techniques and designed hydrometallurgical routes to recover selectively Bi from the ESP 

converter dust. Results showed that Bi can be effectively recovered out from the ESP converter dust by fractionation of 

the dust followed by a selective precipitation. Bismuth is recovered as bismoclite (BiOCl) as this is the specie of Bi 

traded on international markets. 
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Special Session 18: 82872 

 

Closing the PAFS gap - comparative study of sum parameter, non-target and target approaches 

 

Björn Meermann  

Federal Institute for Materials Research and Testing (BAM) 

 

bjoern.meermann@bam.de 

 

Per- and polyfluorinated alkyl substances (PFASs) are a group of several thousand individual compounds. Many PFASs 

are extremely persistent, bioaccumulative and toxic. The analysis of PFASs is challenging because of their various 

chemical and physical properties as well as the high number of compounds. Analytical methods for PFAS determination 

were compared – target analysis, non-target screening (NTS, LC/ESI-(HR)MS/MS), direct total oxidizable precursor 

assay (dTOPA) and extractable organically bound fluorine (EOF, HR-CS-GFMAS). Therefore, suspended particulate 

matter (SPM) samples from German rivers at different locations in time series from 2005–2020 were analyzed to 

investigate temporal and spatially resolved trends. Fluorine mass balance analysis revealed that mean proportion of 

unidentifiable extractable organically bound fluorine (uEOF), i.e., proportion of EOF not determinable by target 

analysis, was at 93% ± 10%. The proportion of the uEOF in SPM samples of German rivers increased between 2005 

and 2019. This suggests that new organofluorine compounds are introduced into German rivers, which are neither 

oxidizable precursors of perfluoroalkyl acids nor targets routinely analyzed. In addition, the comparison of sum 

parameters (EOF and dTOPA) with PFAS target analysis, revealed high gaps in organofluorine mass balances. Sum 

parameter methods are a powerful and highly needed tool to identify PFAS contamination in the environment to end up 

with a valuable PFAS risk assessment. 
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Special Session 18: 84559 

 

How much organofluorine and PFAS do we miss from targeted analysis? 

 

Leo Yeung¹, Qi Wang², Patrik Karlsson³, Patrick van Hees³ and Marko Filipovic⁴ 

¹ Örebro University, ² City University of Hong Kong, ³ Eurofins Food & Feed Testing Sweden AB,                              

⁴ Sellén & Filipovic AB 

 

Leo.Yeung@oru.se 

 

Poly- and perfluoroalkyl substances (PFAS) have been linked to negative health and environmental effects. Regulations 

on limiting and/or banning the use of some of the legacy compounds have been introduced. “New” PFAS has been 

produced with different structures from what the legacy PFAS have. These newly introduced PFAS are usually not 

measured in current monitoring programs. As a results, their existence might have been overlooked in the environment. 

Mass balance analysis of extractable organofluorine (EOF) together with targeted PFAS analysis may give further 

information how much PFAS might have been overlooked as the structures if many PFAS are not known. Since naturally 

occurring organofluorine compounds are rare in nature, EOF can be a proxy to total PFAS. Extraction of soil sample 

for PFAS analysis was usually done with alkaline digestion first and then followed with organic solvent before target 

PFAS or EOF analysis. A recent study applied sequential basic and acidic methanol extractions of aqueous film-forming 

foam (AFFF) impacted soil and showed up to 97% of the total PFAS mass was coming from the acidic fraction.  

Research questions:  

1. How much of targeted PFAS were the EOF fraction? 

2. How much of PFAS were missing when only basic methanol extraction was used? 

3. How much EOF was in the acidic fraction? 

AFFF impacted soil (n=10) will be extracted with sequential basic and acidic methanol and analyzed for PFAS, EOF, 

total oxidizable precursor assay (TOPA) and suspect screening. Preliminary results of 5 soil samples showed that PFOS 

contributed to at least 60% of the total PFAS. Comparison between total PFAS31 to EOF showed that target PFAS 

analysis accounted for up to 15% of EOF and results after TOPA helped account for up to 15% of the unknown. 

Comparison between EOF between basic and acidic methanol showed that two soil samples contained 30-50% of EOF 

in the basic fraction. Further analysis on the 5 remaining soil samples to answer our research questions.  
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Special Session 19: 92514 

 

Zinc isotope fractionation during coprecipitation into weakly crystalline iron (hydr)oxides 

 

Chengshuai Liu  

Institute of Geochemistry, Chinese Academy of Sciences 

 

liuchengshuai@vip.gyig.ac.cn 

 

Zinc (Zn) isotope signatures have been widely applied to fingerprint sources and the fate of Zn in contaminated 

ecosystems. Iron (hydr)oxides can sequester Zn via coprecipitation, but how this process affects Zn isotope fractionation 

remains poorly understood. Here, Zn isotope fractionation during Zn coprecipitation with weakly crystalline iron oxides 

under various conditions (including pH and initial Zn/Fe ratios) was performed. The results show that the coprecipitated 

Zn either comes from the direct precipitation of aqueous Zn or from the transformation of adsorbed Zn, which results 

in the different patterns of Zn isotope fractionation. The mineral surface preferentially takes up isotopically heavy Zn 

during adsorption, which is consistent with the shorter Zn–O bond lengths for the adsorbed Zn than the aqueous Zn 

determined by Zn K-edge X-ray absorption fine structure spectroscopy. The adsorbed Zn was further incorporated into 

the crystal structure, leading to the enrichment of heavy Zn isotopes in iron oxides. In contrast, direct precipitation from 

solution yields limited Zn isotope fractionation. These results can be explained by the same average Zn–O bond lengths 

for adsorbed Zn and aqueous Zn. We also found that low pH and initial Zn/Fe ratios favor the direct precipitation of 

aqueous Zn, resulting in limited Zn isotope fractionation. In contrast, high pH and initial Zn/Fe ratios favor the 

transformation of adsorbed Zn, leading to heavy Zn isotope enrichment in the solid phase. This study reveals the two 

pathways of aqueous Zn coprecipitating into weakly crystalline iron (hydr)oxides and improves our understanding of 

Zn isotope fractionation during mineral-solution interaction processes. 
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Regular Session 1: 83521 

 

Arsenic in global food system: Health risks and mitigation measures 

 

Yong-Guan Zhu, Xi-Mei Xue, Gui-Lan Duan and Gang Li 

 

ygzhu@rcees.ac.cn 

 

Marine organisms and rice (Oryza sativa) are efficient in arsenic accumulation due to low phosphate in seawater and 

flooded paddy conditions that leads to arsenic mobilization, respectively. Seafood contains various organoarsenical 

speciation at mg kg–1 level. Most of organoarsenicals in edible part of seafood are considered as low or non-toxic. In 

contrary to seafood, arsenic speciation in rice is dominated by a class 1 human carcinogen inorganic arsenic (iAs) and 

a weak carcinogen dimethylarsinic acid. Excessive accumulation of iAs in rice represents a health threat to people with 

high rice consumption. In China, rice and seafood are the two major food sources of arsenic exposure and iAs intake 

through consumption of rice accounts for about 60% of total food iAs intake. The regional variations of environmental 

factors contribute to the global pattern of arsenic content and speciation in rice. The total arsenic analysis for 901 white 

rice samples from 10 countries (4 continents) indicates that total arsenic ranges from 0.04 mg/kg (Egypt) to 0.28 mg/kg 

(France). The global food trade poses risks derived from iAs to human health. Taking rice as the example, we constructed 

the exhaustive database of iAs in raw white rice from 23,022 records for 41 countries and estimated the mean iAs 

concentrations for the remaining 112 countries. Rice supply per capita per region and traded amounts of white rice in 

the period 2011-2015 were retrieved from the Food and Agriculture Organization of the United Nations. Using an 

embedded arsenic mass and global trade health risk modeling, Bangladesh and Vietnam rank the highest in embedded 

health risks, with 150 and 141 per 100,000, respectively, due to the consumption of domestic produced rice. However, 

Kiribati and Solomon Islands that depend exclusively on imported rice are importing a substantial amount of risk. We 

suggest that health risks can be reduced by well-balanced apportioning of global rice sources. 
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Regular Session 1: 83766 

 

Innovative soil blend for remediation of lead contaminated urban soils and protection of public health 

 

Loryssa Lake and Nicholas Basta 

The Ohio State University 

 

lake.195@osu.edu 

 

Anthropogenic activities have left a legacy of contaminated vacant land which disproportionately affects lower income 

communities and can have detrimental impacts on human health, particularly children. A management solution is needed 

to address this widespread contamination of vacant lots. In this study, high iron biosolids incinerator ash (BIA) was 

evaluated for its ability to sequester Pb. Blends were then created with BIA and other beneficial use products to 

determine the most effective treatment to reduce Pb bioaccessibility. The sorption capacity and strength of sorption of 

the BIA for Pb was evaluated by spiking the BIA with Pb(NO3)2 ranging from 0 to 100,000 mg Pb/kg BIA and then 

evaluating the dried material for Pb bioaccessibility using US EPA Method 1340 at pH 1.5 and 2.5. Contaminated soil 

from Cleveland, OH was treated with BIA and the blends at a 1:1 (w/w) ratio and Pb bioaccessibility evaluated using 

US EPA Method 1340 at pH 1.5 and 2.5 and the Physiologically Based Extraction Test (PBET).  BIA was found to be 

a strong sorbent of lead, sorbing ~100% of the Pb from solution at the 10,000 ppm spike with only 36.5% and 41.1% 

bioaccessibility for pHs 1.5 and 2.5 respectively.  Topsoil blends 2 and 4 were found to reduce Pb bioaccessibility by 

48% from the control for both bioaccessibility methods. PBET bioaccessibility of Pb < US EPA Method 1340 at pH 1.5 

and 2.5. However, similar reductions in IVBA Pb between control and topsoil BIA treated soils were observed for all 

bioaccessibility methods. Results show BIA in topsoil blends was a successful remediation treatment to reduce 

bioaccessible Pb. This inexpensive remediation approach improves the urban living environment and protects public 

health. 
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Regular Session 1: 83769 

 

Dermal bioaccessibility and permeation of trace elements through synthetic skin: influence of sebum 

 

Gerald J. Zagury and Florent A. Ghislain 

Polytechnique Montréal 

 

gerald.zagury@polymtl.ca 

 

Globally, iron (Fe), zinc (Zn) and selenium (Se) deficiencies are important nutritional problems, affecting many people, 

especially women and children in developing countries. Therefore, consecutive studies were carried out to determine 

the spatial variability of seed Fe, Zn, and Se content in faba bean in three important faba bean-growing agro-ecologies 

in central and southwestern Ethiopia. In a second study, the effectiveness of plant biostimulants in enhancing growth, 

yield, and seed nutrient content of faba bean varieties on Nitisol and Vertisol was investigated. For the latter study, a 

field experiment evaluating single and/or combined applications of Bacillus subtilis, Pseudomonas fluorescens, 

Rhizobium leguminosarum, moringa leaf extract (MLE), and control (no biostimulant) in a randomized complete block 

design (RCBD) was conducted. Results from the first study revealed that seed Fe, Zn, and Se content varied from 31.1–

102 mg kg-1, 21.6–73.6 mg kg-1, and 10.1–167 µg kg-1 across the studied agro-ecologies, respectively, and Zn and Se 

content were significantly affected by agro-ecological differences. Moreover, biostimulant treatments did not 

significantly improve the growth, yield, and seed nutrient content of faba bean varieties on both soils. Some of the 

response parameters differed significantly (P < 0.05) between faba bean varieties in both soils. Compared to Nitisol, 

Vertisol produced seeds with almost tenfold higher levels of Se. Moreover, the correlation analysis indicated that seed 

Se content exhibited a strong positive relationship with P content. Overall, the present studies suggested that 

agroecology-specific crop management approaches are needed, especially to obtain enhanced Zn and Se seed content, 

whereas additional determining factors need to be considered to improve Fe content. In addition, further examination of 

biostimulants under field conditions is required to uncover their realistic efficacy for the biofertilization of bean crops. 
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Regular Session 1: 83843 

 

Contaminant binding and bioaccessibility in the dust from the Ni-Cu mining/smelting district of 

Selebi-Phikwe (Botswana) 

 

Vojtěch Ettler¹, Martin Mihaljevič¹, Petr Drahota¹, Bohdan Kříbek², Aleš Vaněk³ and Zibisani Bagai⁴ 

¹ Charles University, Faculty of Science, ² Czech Geological Survey, ³ Czech University of Life Sciences Prague, ⁴ 

University of Botswana 

 

ettler@natur.cuni.cz 

 

We studied the dust fractions of the smelting slag, mine tailings, and soil from the former Ni-Cu mining and processing 

district in Selebi-Phikwe (eastern Botswana). Multi-method chemical and mineralogical investigations were combined 

with oral bioaccessibility testing of the fine dust fractions (< 48 µm and < 10 µm) in a simulated gastric fluid (SGF) to 

assess the potential risk of the intake of metal(loid)s contaminants. The total concentrations of the major contaminants 

varied significantly (Cu: 301–9600 mg/kg, Ni: 850–7000 mg/kg, Co: 48–791 mg/kg) but were generally higher in the 

finer dust fractions. The highest bioaccessible concentrations of Co, Cu, and Ni were found in the slag and mine tailing 

dusts, where these metals were mostly bound in sulfides (pentlandite, pyrrhotite, chalcopyrite). On the contrary, the soil 

dusts exhibited substantially lower bioaccessible fractions of these metals due to their binding in less soluble spinel-

group oxides. The results indicate that slag dusts are assumed to be risk materials, especially when children are 

considered as a target group. Still, this exposure scenario seems unrealistic due to (i) the fencing of the former mine area 

and its inaccessibility to the local community and (ii) the low proportion of the fine particles in the granulated slag dump 

and improbability of their transport by wind. The human health risk related to the incidental ingestion of the soil dust, 

the most accessible to the local population, seems to be quite limited in the Selebi-Phikwe area, even when a higher dust 

ingestion rate (280 mg/d) is considered. 
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Regular Session 1: 84240 

 

Health Effects of Selenium-supplementation among community population in China 

 

Lei Huang and Chen Li 

Nanjing University 

 

huanglei@nju.edu.cn 

 

Selenium (Se), the active center of selenase and selenoprotein, is one of the essential trace elements for humans, which 

plays an important role in maintaining the normal biological function, such as anti-oxidative stress and energy 

metabolism, as well as in promoting health level of cardiovascular, reproductive, urinary, etc. In China, more than 105 

million people in 366 counties are facing the adverse health effects of selenium deficiency. However, the study on the 

health effects of Se-supplementation among the community population is limited. In this study, we conducted a before-

after self-control study for 30 days to explore the health effects of short-term Se-supplementation among the Chinese 

community population. A total of 51 subjects aged 50-87 years were recruited and finished the whole study. All subjects 

were given Se-tablet through oral administration 4 times/day, for a total of 120 μg/day. We collected hair and blood 

samples of subjects before and after the whole intervention, respectively, and measured hair-Se content (HSe) (n = 26), 

blood-Se content (BSe) (n = 28), and blood biochemical indices (n = 51), including alanine aminotransferase (ALT), 

blood glucose (Glu), homocysteine (HCY), etc. Liner mixed-effect models were fitted to assess the changes of above 

health outcomes. The results showed that, after Se-supplementation, the level of BSe increased by more than 20% (p = 

0.021), and the levels of ALT and HCY decreased (both p < 0.043). Additionally, the level of Glu also had a downward 

trend (p = 0.117). In conclusion, short-term Se-supplementation could increase the Se content of the human body and 

improve the health of the community population, such as improving liver function and reducing the risk of 

cardiovascular disease. Moreover, a long-term Se-supplementation study based on the randomized, double-blind, 

placebo-controlled design among the community population should be considered in future. 
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Regular Session 1: 84291 

 

Reactive topsoil to reduce exposure to heavy metal contaminated soil and protect public human 

 

Nicholas Basta and Loryssa Lake 

Ohio State University 

 

basta.4@osu.edu 

 

Exposure to soils with legacy contamination, including lead, arsenic and other heavy metals, continues to pose a human 

health risk to urban populations. Remedial action has been slow in contaminated communities. Excavation and 

replacement of contaminated soil is destructive and expensive. Soil testing to identify contaminated soil is either 

prohibited and/or expensive. The result is continued unacceptable exposure of legacy contaminants such as lead. We 

present a novel risk management approach where enhanced soil amendments is used as reactive topsoil to reduce heavy 

metal contaminant bioavailability and exposure and provide a physical barrier. Reactive topsoils were created from 

locally available byproducts: biosolids incineration ash, Lake Erie dredge, biosolids compost, and yard waste compost.  

Four soils blends of varying combinations of the above byproducts were mixed with the top 10 cm of contaminated 

residential soil. The soil blends were seeded with a native plant mixture selected for residential ecological restoration.  

Potential lead exposure to humans, from soil or dust ingestion, was determined by measuring in vitro Pb bioaccessibility 

(IVBA Pb) using U.S. EPA Method 1340. Soil blends were very effective in reducing IVBA Pb up to 50%.  Reduction 

of IVBA Pb was attributed to reactive Fe and Al oxides from biosolid incineration ash. Topsoil blends can provide a 

physical barrier and a chemical barrier when applied to vacant urban land.  Reactive additives, that adsorb or precipitate 

contaminants, will reduce exposure from future aerial deposition of Pb and other legacy toxicants in urban areas.  Results 

from urban soil studies where reactive topsoil have been implemented to reduce arsenic exposure will also be presented. 
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Regular Session 1: 84502 

 

Effect of human gut microbiota on arsenic bioavailability in soil and its health risk assessment 

 

Naiyi Yin, Pengfei Wang, Xiaolin Cai and Yanshan Cui 

University of Chinese Academy of Sciences 

 

yinnaiyi@ucas.ac.cn 

 

The importance of arsenic (As) metabolism by human gut microbiota has been evidenced in health risk assessment 

associated with As exposures. In vitro methods (e.g., Simulator of Human Intestinal Microbial Ecosystem) and an in 

vivo mouse model were conducted in this study. The main results included that (i) strong in vivo-in vitro correlations 

(R2 = 0.70–0.92, P < 0.05) were observed between As relative bioavailability and colon As bioaccessibility in 13 As-

contaminated soils. (ii) a significant increase in colon As bioaccessibility was observed compared to the intestinal phase, 

contributed from the dissolution of As associated with amorphous and crystalline Fe/Al (hydr)oxides. The ratio of 

As(III) to total As after colon incubation increased by about 20% in soil residues, as evidenced by the X-ray absorption 

near-edge spectroscopy (XANES) analysis. Based on sequential extraction, it inferred that the priority sequence in As 

transformation by human gut microbiota was dissolved As(V), As(V) sorbed to mineral surfaces, crystalline As(V)-

bearing minerals and As sulfides. (iii) the metabolic potency of human gut microbiota toward As(V)-sorbed goethite 

and jarosite indicated that, As release occurred mainly in the intestinal phase for jarosite and in the colon phase for 

goethite. Higher degree of As(V) and Fe(III) reduction was observed in the colon digests of goethite than jarosite. 

Speciation analysis revealed that 43.2% and 8.5% of total As was present as As(III) in the liquid and solid phase after 

goethite incubation, while almost all generated As(III) was detected in the colon digests of jarosite. Arsenic 

bioaccessibility was predominantly contributed by Fe(III) dissolution for jarosite, and microbial reduction of Fe(III) and 

As(V) for goethite. Overall, these findings expanded our knowledge on the role of gut microbiota in transformation, 

bioavailability, and fate of the orally ingested As from soil in human gastrointestinal tract. 
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Regular Session 1: 84530 

 

Integrating lead isotope and oral bioaccessibility data for source apportionment of trace elements in 

kindergarten dust 

 

Paula Marinho-Reis¹, Vojtěch Etler², Siobhan Cox³, Martin Mihaljevič², Manus Carey³, Marina Cabral-pinto⁴ and Yves 

Noack⁵ 

¹ ICT, Pole Minho, University of Minho; ² Charles University Prague; ³ Queen's University Belfast; ⁴ Geobiotec, 

Universidade de Aveiro; ⁵ CNRS, Aix-Marseille Université, CNRS, IMBE, UMR 7263, Marseille 

 

pmarinho@dct.uminho.pt 

 

Due to the hand-to-mouth activities frequently observed among the youngest children, they are likely to ingest higher 

amounts of indoor dust than adults. Since pre-schoolers are prone to exposure to potentially toxic elements through the 

ingestion route, characterising exposure within kindergarten microenvironments is paramount for children who spend 

considerable time in school. Ergo, an interdisciplinary study encompassing five kindergartens in the Estarreja 

municipality, was carried out. Indoor dust, playground dust, and garden soil samples were collected from the 

kindergartens. Near total concentrations of 51 elements were determined by ICP-MS, and the oral bioaccessibility of 

chromium (Cr), cobalt (Co), nickel (Ni), cadmium (Cd), arsenic (As) and lead (Pb) was estimated using the Unified 

BARGE Method. Isotopic measurements of lead were performed by ICP-MS in the bulk dust samples and solid residues 

resulting from the UBM extractions. The Kruskal-Wallis omnibus test showed no significant differences in the total and 

bioaccessible concentrations of Co and As in soil, outdoor and indoor dust samples. Pairwise comparisons performed 

using the Dunn-Bonferroni post hoc method showed different distribution patterns for some PTEs. Three elements (Cd, 

Ni and Pb) show significant differences (p< 0.05) between total concentrations in soil and indoor dust samples. The 

bioaccessible fraction of the Pb and Ni is significantly higher (p< 0.05) in indoor dust samples than in garden soil. The 

isotope ratios 206Pb/207Pb and 208Pb/206Pb of garden soil are significantly different (p< 0.05) from those measured 

in the dust. Differences between the isotopic composition of bulk samples and UBM residues are not statistically 

significant. We propose a methodology for source apportionment and provenance analysis using the bulk dust sample 

and the residues of the UBM extractions. 

 
 
 
 
 
 
 

 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 94

mailto:pmarinho@dct.uminho.pt


 

 

Regular Session 1: 84652 

 

What lurks within – potential exposure to trace, rare earth and technology critical elements in the 

home environment 

 

Albert Juhasz, Adam Keith and Farzana Kastury 

University of South Australia 

 

albert.Juhasz@unisa.edu.au 

 

House dust is comprised of dead skin cells, hair, fibres, soil, pollen, bacteria, mites, etc., but it is also a medium that 

holds a memory of the home’s contaminant load and a continual source of exposure for its residents. It contains a 

complex mixture of both legacy and emerging contaminants arising from internal and external sources moderated by 

house type, location, consumer choices, human activities and weather events. In this study, dust (n = 85) from households 

within Adelaide’s urban and peri-urban environments were collected to investigate indoor trace, rare earth and 

technology critical element loadings and potential human health exposure. Questionnaire data were also collected which 

included details regarding individuals living in the house, household physical characteristics and information pertaining 

to the surrounding environment. Elemental concentrations were compared to geochemical background values to 

calculate enrichment factors (EF) and geoaccumulation indices. Technology critical elements including Ce, La, Nd and 

Pr were moderately enriched in house dust (median EF > 2) while Er, Lu and Ni exhibited significant enrichment (5 < 

EF < 20). Other technology critical elements (Cu, Mo and Sb) exhibited high to extreme enrichment with median 

elemental EF ranging from 27-230. Legacy contaminants, such as Pb, were present at a range of concentrations (10-

4065 mg kg-1; median EF = 25) which was related to distance from main roads, house age (pre- versus post-1966) and 

the presence of Pb-paint (confirmed through Pb isotopic analysis). When exposure was assessed using an in vitro assay 

(SBRC), rare earth element bioaccessibility was low (< 30%) although Pb was readily soluble (median bioaccessibility 

= 68%) under gastric phase conditions. 
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Regular Session 1: 84669 

 

Bioavailability-based in situ stabilization of lead in soils for human health risk reduction in urban 

residential neighborhoods 

 

Ganga Hettiarachchi¹, Chandima Wekumbura¹, Ruwandi Kumarasinghe¹, Eduardo Gutierrez¹, Amila Mudiyanselage¹, 

Kirk Scheckel², Andrew Bracker³, Amy Roberts³, Elizabeth Friedman⁴ and Christina Sobin⁵ 

¹ Kansas State University; ² U.S. Environmental Protection Agency; ³ City of Kansas City; ⁴ Children's Mercy 

Hospital; ⁵ University of Texas at El Paso 

 

ganga@ksu.edu 

 

Research is lacking in quantifying bioaccessibility and health risk reductions, especially for urban soils. We designed a 

targeted community health study to measure the effectiveness of in situ stabilization treatments at reducing lead 

bioaccessibility in urban soils with human health risk reduction focus. Study objectives include: 1) identify improved, 

cost-effective protocols to manage commonly elevated urban soil lead; 2) determine mitigation efficacy; and, 3) build 

community capacity to target these protocols where they are most needed to prevent childhood lead poisoning. The 

target population is young children in Kansas City’s urban core, where some lead poisoning rates exceed 9x the U.S.A. 

average. Nearly 50% of parcels tested exceed EPA’s play area lead threshold (400 mg kg-1), likely causing intransigent 

elevated blood lead levels, according to the Kansas City health department. We hypothesize that compared to 

unamended control soil Pb bioaccessibility, in amended plots, with selected soil treatments, soil Pb bioaccessibility will 

be significantly reduced following four weeks of amending soil; and soil Pb bioaccessibility will continue to decrease 

at 1, 3, 6, 12, 18, 24, and 30 months’ post-mitigation. Through laboratory-based short-term incubation studies, effective 

soil amendments (e.g., phosphorus, exceptional quality biosolids, and iron sulfate), shown to reduce soil health risk by 

converting Pb to forms with low bioaccessibility, were selected for field studies. Field plots were installed at four vacant 

lot and four residential sites, with varying soil Pb concentrations (60 to ~800 mg kg-1). Select treatments, at 1:2 and 1:4 

Pb:P molar ratio, were incorporated. So far, data showed slight to moderate reductions in soil Pb bioaccessibility as 

measured using PBET and IVBA methods. X-ray absorption spectroscopy is being used to determine the changes in soil 

Pb speciation. Our ultimate goal is to produce verifiable risk reduction data critical to developing affordable strategies 

to mitigate lead in urban soils, and correlate child blood lead levels data with treated areas to identify potential health 

protection benefits. 
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Regular Session 1: 84929 

 

Assessing health risk via ingestion and inhalation of floor dust resulting of old mine activities 

 

Carla Patinha, R Vitorino, P Pato, Nuno Durães and Eduardo Ferreira da Silva 

University of Aveiro 

 

cpatinha@ua.pt 

 

Mining activities usually release high amounts of non-essential elements in the surface, which can have negative impacts 

on the environment. Several of the metal(loid)s are potentially toxic and present a potential risk to human health by their 

bioaccumulation though the trophic chain. The Pintor mine, located in the north of Portugal, is abandoned since 1991. 

After its closure, a residential complex was built on the mine land, close to the old smelters, which represents a concern 

considering the high levels of some trace elements, namely arsenic and other potentially toxic metals, determined in 

floor dust particles. Therefore, this study aims to evaluate human exposure, by ingestion and inhalation, to floor dust 

collected in this residential complex area through oral and respiratory bioaccessibility tests, respectively. The Unified 

Bioaccessibility Method (UBM) was used to assess the oral bioaccessibility, while the respiratory bioaccessible fractions 

were extracted using the Artificial Lysosomal Fluid (ALF). The ingestible ("< 250" μm) and inhalable ("< 10" μm) size 

fractions were separated in bulk dust samples collected from side walk for the respective essays. All samples exhibited 

significant high contents of As, which is enriched in the finer size fractions. Notwithstanding, the UBM-extractable 

concentrations varied greatly among the studied dust samples, but similar bioaccessible contents were recorded for the 

gastric and gastrointestinal phase. On the other hand, ALF-extractable concentrations were surprisingly higher than the 

that obtained by the UBM-extractable in the gastric phase. The oral bioaccessibility of the As is less of 15% while 

respiratory bioaccessibility presented high values exceeding 30% on average. 
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Regular Session 1: 85159 

 

Total and bioaccessible mercury and selenium in Mediterranean spearfish, bluefin tuna and 

swordfish: dietary exposure and human health implication 

 

Stefania Ancora, Giacomo Mariotti, Laura Amoroso, Claudio Leonzio, Nicola Bianchi and Fabrizio Monaci 

University of Siena 

 

stefania.ancora@unisi.it 

 

The consumption of seafood, especially large predator fish, is the primary route of Hg exposure to humans, and a cause 

of concern for possible health risks. The Mediterranean Spearfish, Tetrepturus belone (Raf., 1810), is an essential part 

of the Sicily fish trade and of the traditional local diet. As the contribution of this food item is poorly known, this work 

was aimed to provide the earliest health risk evaluation for the consumption of this species compared to that of other 

fish of elevated commercial interest: bluefin tuna, Thunnus thynnus (L., 1758), and swordfish, Xiphias gladius (L., 

1758). For a more comprehensive assessment, the protective role of Se was also considered, as well as Hg and Se 

bioaccessibility achieved by in vitro gastrointestinal digestion simulation. Elements analysis were performed after acid 

digestion by atomic absorption spectrometry (cold vapour for Hg and hydride generation for Se). 

The lowest concentrations of Hg and Se (mg/kg w.w.) were found in T. belone (respectively, 0.32±0.17 and 0.49±0.15) 

compared to T. thynnus (0.53±0.54 and 2.27±1.42) and X. gladius (1.39±1.01 and 1.06±0.39). The Hg bioaccessibility 

ranged from 74.7±6.8% in T. belone to 89.4±16.8% in T. thynnnus, while the Se bioaccessibility ranged from 

66.5±19.1% in T. thynnus to 81.9±31.4% in T. belone. Differently from X. gladius and of T. thynnus the mean Estimated 

Weekly Intake (EWI) calculated for T. belone did not exceed the Tolerable Weekly Intake (TWI) of 1.3 µg/kg body 

weight, even with a slightly decreasing when calculated on bioaccessible Hg concentrations. For all the investigated 

species, mean values of Target Hazard Quotient (THQ) were >1 and did not vary significantly when the Hg bioaccessible 

fraction was considered. With few exceptions, the Se Health Benefit Values (HBVSe) were positive. On this ground, 

consumption of T. belone had the safest trade-off, due to low Hg concentrations and positive HBVSe, while X. gladius 

consumption was associated to a comparably worse risk/benefit ratio, even considering the bioaccessible fractions. 
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Regular Session 1: 85257 

 

Environmental implication, human health risk and bioaccessibility assessments based on potentially 

toxic elements in vineyard soil and grapes 

 

Tijana Milićević¹, Marko Malićanin², Igor Kodranov³, Aleksandar Popović³ and Dubravka Relić³ 

¹ Institute of Physics Belgrade, National Institute of the Republic of Serbia, University of Belgrade, ² Faculty of 

Agriculture Kruševac, University of Niš, ³ Faculty of Chemistry, University of Belgrade 

 

tijana.milicevic@ipb.ac.rs 

 

In agricultural environments, frequent application of agrochemicals and activities from surrounding pollution sources 

directly leads to increase concentrations of pollutants in soil and grapevine. We performed several experiments in 

different vineyards (conventional and organic) in Serbia. The concentrations of potentially toxic elements (PTEs) were 

investigated in soil, soil bioavailable fractions, grapevine, and gastrointestinal extracts of soil and grape samples. These 

experiments were conducted to assess element mobility and bioavailability in the soil−grapevine system and examine 

environmental implications, the worst-case scenario of workers’ and consumers’ health risk and the bioaccessibility of 

PTE in the human gastrointestinal tract (GIT). Performing in vitro unified bioaccessibility method (UBM) for element 

concentrations available from soil and grape in human GIT was assessed. Environmental risk assessments pointed out 

the most polluted locations between investigated vineyards. Human health risk assessment (worst-case scenario) showed 

some risk for workers but there were also risk and moderate risk for consumers of some grape varieties. It was identified 

that Cr and Ni concentrations in soil and grape mostly contributed to environmental implications and increasing the 

human health risk. The highest contribution to risk for workers had pseudo-total concentrations of Ni, then Cr, Co and 

Mn from the soil, and for consumers Ni, Cr, Mo and B concentrations from grapes. However, these elements from soil 

and grapes were negligibly bioaccessible in human GIT assessed by the UBM bioaccessibility test, but anyhow the 

worst-case scenario risk assessment can be used as a precautionary measure in vineyard management. Also, Cr and Ni 

were highly bonded in residual soil fraction and they were not mobile, while Co and Mn were bonded in reducible soil 

fraction. Easily available were Mo and B from the soil, but they were negligibly bioaccessible to human. Finally, PTEs 

investigation in samples from vineyards accompanied by environmental and human health risks with bioaccessibility 

assessments may improve vineyard production and management. 
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Regular Session 1: 85323 

 

Integration of oral bioaccessibility testing for potentially toxic elements (PTEs) into human health risk 

assessment 

 

Siobhan Cox¹, Tatiana Cocerva¹, Matthew Robb¹, Ada Wong¹, Rory Doherty¹, Jennifer Newell¹, Ulrich Ofterdinger¹, 

Manus Carey¹ and Mark Cave² 

¹ Queen's University Belfast; ² British Geological Survey 

 

s.cox@qub.ac.uk 

 

Elevated concentrations of Ni, Cr, V, As, Pb, Cu and Zn in topsoils in Belfast, Northern Ireland have been found to be 

related to historical development and underlying geology (McIlwaine et al. 2017).  Soil concentrations in some areas of 

the city exceed published UK generic assessment criteria and therefore may pose a risk to human health.  Most generic 

assessment criteria for potentially toxic elements (PTEs) assume that 100% of the contaminants present are bioavailable 

to humans, however this is often not the case.  This study considers how PTE bioaccessibility varies across Belfast and 

refines human health risk assessment for these contaminants using site specific information on oral bioaccessibility. 

In total, 103 surface soil samples that were collected across Belfast during the Tellus geochemical survey, were selected 

for oral bioaccessibility testing using the UBM. Results showed low bioaccessible fraction (BAF) (median +/- SE) for 

Cr (1.54 +/- 0.10%), Ni (8.96 +/- 0.56%) and V (9.17 +/- 0.34%). In contrast, higher BAFs were registered for Zn (16.03 

+/- 1.56%), As (18.22 +/- 1.29%), Cu (28.12 +/- 1.19%) and Pb (44.71 +/- 1.66%).  Based on the current landuse at each 

site, the values for BAF were used to derive site specific assessment criteria using UK procedures for human health risk 

assessment.  These site specific assessment criteria were then used to refine the risk assessment, resulting in a significant 

reduction in the number of sites identified as posing a potential risk to human health, and showing that oral 

bioaccessibility testing should be considered when assessing human health risks presented at potentially contaminated 

sites. 

Reference:  

McIlwaine, R., Doherty, R., Cox, S. F. & Cave, M., (2017). The relationship between historical development and 

potentially toxic element concentrations in urban soils.  Environmental Pollution 220:1036-1049. 
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Regular Session 2: 83790 

 

Single particle ICP-MS for the investigation of remobilization of colloidal metals into the environment 

 

Anh Van Le, Andreas Kappler and Muammar Mansor 

University of Tuebingen, Germany 

 

muammar.muammar-bin-mansor@uni-tuebingen.de 

 

Colloidal aggregates composed of nanoparticles are ubiquitous and play important roles in the sequestration, transport, 

and release of metals. Information on their elemental compositions, number, and size distributions are crucial to predict 

their reactivity and subsequent impacts on metal contaminants and nutrient cycling. Single particle ICP-MS (spICP-

MS) is a high-throughput method capable of rapidly analyzing the elemental composition of thousands of single particles 

(~50-5,000 nm size), generating data applicable to describing the whole particle population [1]. Here we show recent 

efforts on the application of spICP-MS to investigate metal remobilization from water treatment residuals. In the first 

case, we investigated the remobilization of arsenic (As) from household sand filters that were openly disposed on soils 

[2]. Batch microcosm experiments revealed that As was remobilized in nearly equal amounts in the colloidal and 

aqueous phases at the onset of the experiment. Arsenic was likely associated with colloidal Fe(III) (oxyhydr)oxides as 

the main particle carrier, as suggested by the strong correlation between colloidal As and Fe. Prolonged incubations 

under static conditions showed that the mobilization risk of colloidal As decreased with time, most likely due to 

aggregation. Second, we investigated the remobilization of metals from metal sulfides (CuS, CoS, NiS) that could form 

due to the activity of sulfate-reducing bacteria from metal-contaminated sites [3]. Data from spICP-MS showed that the 

metals could be remobilized either via dissolution or due to disaggregation of colloidal aggregates under oxidizing 

conditions. Dissolution rates under acidic conditions were not faster than at near-neutral pH, most likely due to the 

shielding effect induced by aggregation under acidic conditions. Hence, spICP-MS provides new insights into factors 

that could affect the bioavailability of metals in the environment. The approaches presented here can be applied to 

investigate colloidal metal dynamics under various experimental and field conditions.  

 

References:  

[1] Mansor et al. ES&T Letters, 8(9), 589-595.  

[2] Mansor et al. ACS ESC, 6(3), 541-550. 

[3] Van Le et al. ES&T, 56 (23), 16822-16830. 
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Regular Session 2: 84456 

 

Removal of toxic metals from sewage sludge in closed-loop processes by different chelator-based 

methods 

 

Juan Francisco Morales Arteaga¹, Anela Kaurin², Mojca Zupanc³, Matevž Dular³, Primož Oprčkal⁴ and Domen Lestan⁵ 

¹ University of Ljubljana, Biotechnical faculty; ² Biotechnical faculty, University of Ljubljana; ³ Faculty of 

Mechanical Engineering, University of Ljubljana, Slovenia; ⁴ Slovenian National Building and Civil Engineering 

Institute; ⁵ Biotechnical faculty, University of Ljubljana, Envit Ltd. 

 

juan.arteaga@bf.uni-lj.si 

 

Sewage sludge (SS) is a byproduct of wastewater treatment plants that contains essential plant growth nutrients like C, 

N, P, and K. However, it can also contain Toxic Metals (TMs) such as Pb, Zn, Cd, Cu, and Hg, which pose a risk to 

human health and the environment. Therefore, proper treatment is necessary to guarantee its safe use as fertilizer. SS 

washing, Microwave-assisted Acid Hydrolysis (MAH), and Hydrodynamical Cavitation (HC) were tested for TMs 

removal from different SS samples using EDTA as chelator. Optimal conditions were found for each treatment and 

series of consecutive batches in closed-loop processes were performed.  Anaerobically Treated (AT) SS was washed 

with EDTA activated with H2SO4 and an average of 35% Pb, 59% Zn, 60% Cu, 19% Cr, 25% Mn, and 1% Fe removal 

was achieved in 10 batches. MAH removed an average of 78% Pb, 76% Zn, 1% Cu, 17% Cr, 67% Mn, and 73% from 

Aerobically Treated (AET) SS in 5 batches. HC in combination with EDTA activated by citric acid removed an average 

of 35% Pb, 68% Zn, 60% Cd, 45% Cu, 22% Mn, and 4% Fe from AT SS in eight batches. EDTA and process solutions 

were recycled in a pH gradient imposed by the addition of CaO and H2SO4, no wastewater was generated, only solid 

waste (ReSoil® technology). Chemical properties (pH, EC, total P, N, C, organic C, P2O5, K2O, and CaCO3) were 

measured in washed SS and process solutions (pH, EC, Na, Pb, Zn, Cu, Cr, Mn, and Fe) to ensure TMs removal 

efficiency and SS washing quality. Most of the treatments did not significantly affect SS chemical properties, with the 

exception of MAH, which resulted in a loss of P and N. Overall, the results prove the feasibility of the novel SS washing 

process. 
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Regular Session 2: 84541 

 

Detection of individual nano particulate metal phosphates and sulfides in soils and sediments using 

icpTOF-MS 

 

Jonas Wielinski and Gregory V. Lowry 

Carnegie Mellon University 

 

jwielins@andrew.cmu.edu 

 

Formation of nano scale metal phosphates and sulfides in soils and sediments, are important for the reduction of 

bioavailability of heavy metals such as lead (Pb) through the formation of poorly soluble pyromorphite (Pb5(PO4)3Cl), 

and biogeochemical cycling of (chalcophile) elements. Concentrations of metal sulfides and metal phosphates can be 

detected in sediments using XAS when present at >5% of the total metal, but this provides the average metal speciation 

in the sample rather than particle size dependent information. Data interpretation can also be further complicated if the 

metal speciation is dominated by other phases. Therefore, we propose single particle inductively coupled plasma time-

of-flight mass spectrometry (icpTOFMS) in oxygen reaction mode as a complementary method to detect individual 

phosphorous (P) and sulfur (S) containing colloids in environmental matrices. In this work, we synthesized nano 

pyromorphite, copper sulfide (CuS), and zinc sulfide (ZnS), and optimized an icpTOFMS instrument for their detection. 

The lower size detection limit varied between ~110-150 nm and the ratio of the phosphate to 208Pb derived diameter 

was ~1.08±0.25, sulfide to 65Cu was ~1.08±0.30, and sulfide to 66Zn was ~1.05±0.30. The nano particulate fraction (d 

< ~300nm) was extracted from Pb contaminated soil that was treated with phosphate and from a fresh water urban lake 

sediment (North Park Lake, Pennsylvania). Preliminary results indicated the formation of colloids with P/Pb ratios ≥ 

pyromorphite in the treated soil. Most, but not all particles were also associated with other elements. Pb based 

pyromorphite-diameters indicated particles sizes of d < 200nm. In the lake sediment, S containing particles were mostly 

associated with iron (Fe), nickel (Ni), Cu and Zn. Ratios of S to these metals and between the metals indicated the 

presence of FeS, with minute amounts of Ni (~2%), Cu (~3%) and Zn (~5%). Our research enables the detection of 

individual metal phosphate and metal sulfide particles, thus opening new paths for the characterization of particulate 

contaminants and drivers of biogeochemical cycles. 
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Regular Session 2: 84693 

 

Multielement ICP-QQQ-MS – method development and spatiotemporal variabilities in river water 

monitoring 

 

Nadine Belkouteb, Henning Schroeder, Renee van Dongen, Simon Terweh, Aron Slabon, Julia Arndt, Jan G. 

Wiederhold, Thomas A. Ternes and Lars Duester 

Federal Institute of Hydrology (BfG) 

 

belkouteb@bafg.de 

 

One method, one analytical run and 68 elements in river water samples – this was the goal of our study aiming to 

improve surface water monitoring. Triple-quadrupole inductively coupled plasma mass spectrometry (ICP-QQQ-MS) 

is a unique technique which enables the simultaneous quantification of a large number of elements by using a collision-

reaction-cell and a second mass filter. By exploiting this technique, we deliver first best-practice methods for the 

determination of 68 and 66 elements for filtered (< 0.45 µm) and unfiltered (whole water) river water samples, 

respectively, in one single analytical run. The whole water sample method involves a detailed study of possible digestion 

protocols targeting the dissolved, colloidal and particulate fraction. The aim was to deliver a blueprint allowing 

practitioners to modify the methods according to their monitoring and catchment needs.  

The methods were successfully tested e.g., at the Oder fish death disaster 2022 and at sampling campaigns examining 

the spatiotemporal variability of elements in riverine systems. For these, a self-constructed sampling frame with five 

vertically aligned (in 50 cm distances) and simultaneously closing Van-Dorn-bottles was used to obtain cross-section 

profiles at different German sites of the river Rhine and at different water levels (high, middle, low discharge). The first 

results showed an overall similar spatial element distribution in the whole water fraction while the dissolved fraction 

exhibited spatial concentration gradients, e.g. for aluminium and manganese but also for rare elements such as gallium 

and gadolinium, from the left to the right bank or vice versa in some of the sampling campaigns. The results of our study 

will be very valuable to improve the long-term river monitoring as well as the understanding of the spatiotemporal 

element distribution and therefore the (bio)geochemical cycles of major and trace elements in rivers. 
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Regular Session 2: 85176 

 

Sensitive analysis of selenium speciation in seawater by isotope-dilution-GC-ICP-MS to improve 

understanding of marine selenium cycling 

 

Esther Breuninger, Sylvain Bouchet, Julie Tolu and Lenny Winkel 

ETH Zürich/Eawag 

 

esther.breuninger@usys.ethz.ch 

 

Selenium (Se) is an essential trace element for many organisms. Previous studies have shown that the marine biosphere 

supplies substantial amounts of Se to surface ecosystems via (bio)volatilization from seawater, atmospheric transport 

and subsequent deposition. Although the marine biosphere plays a key role in the global Se cycle, quantitative 

information on marine Se species and their transformation is scarce due to the challenging analysis of dissolved Se 

speciation in seawater: Se concentrations are low (sub-ngL-1), whereas elements interfering the Se analysis are present 

in higher concentrations (mgL-1). Furthermore, previous analytical methods involving hydride generation coupled to 

atomic absorption spectrometry were challenging and required high sample volumes (0.25-1 L). To tackle this issue, we 

developed a method combining sequential extraction and derivatization with isotope dilution gas chromatography 

coupled to inductively coupled plasma mass spectrometry (ID-GC-ICP-MS) to determine selenite (SeIV), selenate 

(SeVI), organic Se and total Se concentrations in seawater. We optimized different derivatization reagents and their 

protocol, as well as injection volumes (including programmed temperature vaporization of large volumes) and GC-ICP-

MS operating conditions. With the optimized method, we are able to reach detection limits of 0.9-2 ngL-1 with 4-8 mL 

of sample and obtained high recoveries for a certified reference material in a seawater matrix (102±4%). We applied 

this new method to depth-profiles of seawater that were monthly collected between March 2019 and November 2021 at 

five stations in the Baltic and North Seas along a gradient of salinity, nutrient and O2-content as well as algae distribution. 

In addition to presenting the method development, we will show the temporal variability in Se speciation along these 

environmental gradients, which provides important information on Se (bio)transformations in seawater. 
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Regular Session 2: 85220 

 

TXRF analysis of plants’ guttation fluids for an expeditious assessment of PTEs uptake from polluted 
soils 

Carlo Porfido¹, Ignazio Allegretta², Concetta Eliana Gattullo¹, Roberto Terzano¹, Maria Vittoria Pinna³, Matteo Garau³, 

Massimo Fagnano⁴, Donato Visconti⁴ and Prof. Matteo Spagnuolo¹ 

¹ Università di Bari "Aldo Moro", ² Università del Salento, ³ Università di Sassari, ⁴ Università di Napoli "Federico II" 

 

carlo.porfido@uniba.it 

 

Guttation is a physiological phenomenon in plants that consists in exudating xylem saps in form of droplets through 

special foliar structures called hydathodes, mainly located at the tips and the edges of the leaves. Such fluids have been 

used in the last decades for various purposes, such as for evaluating the plant nutritional status and to assess insecticide 

residues present in plant crops. Besides, analysis of guttation drops could also provide a non-invasive way for 

investigating the translocation from roots to shoots of mineral elements, including potentially toxic elements (PTEs), 

therefore an indirect measure of PTEs uptake from polluted soils. This latter potentiality, however, has been scantly 

explored.  

Within the frame of fast analytical techniques and green sample preparation, total reflection X-ray fluorescence (TXRF) 

spectrometry is somewhat appealing for elemental analysis of guttation fluid, because of the very low limits of detection 

(ppb for heavy elements), minimal sample preparation and extremely small quantity of sample required. Indeed, micro-

volumes (1-10 µL) are sufficient for liquid samples, i.e. even a single guttation drop can be analysed. 

In this study, we used TXRF for the elemental analysis of guttation droplets collected from plants (Lolium rigidum) 

grown in PTEs-polluted mesocosms with the aim of evaluating correlations between PTEs concentration in guttation 

fluids and their availability in soil in relation to different soil treatments (organic amendments, PGPR). Our results show 

differences in element translocation: for instance, PTEs like Pb are more concentrated in guttation fluids sampled from 

plants grown in PGPR treated mesocosms while no Pb was detected in fluids from mesocosms where Pb was almost 

completely stabilized. These early evidences may suggest this TXRF-based method for the non-invasive, reliable and 

expeditious assessment of PTEs mobilization from polluted soils and translocation to plants’ shoots. 
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Regular Session 2: 85253 

 

Ni in water: A new approach to measure free metal using the polymer inclusion membrane-technique 

 

Claudia Fontas¹, Nasim Khatir and Enriqueta Antico 

¹ University of Girona 

 

claudia.fontas@udg.edu 

 

Increasing metal pollution in water is a critical issue that may affect human health and the whole ecosystem. Once in 

the aquatic environment, metals can interact with other components such as organic matter or ions forming different 

chemical species. It is well stablished that free ions are the most relevant species when determining the bioavailability 

and toxicity of metals, and, therefore, it is important to have techniques able to perform speciation studies.  

In this work, a simple and affordable tool based on a polymer inclusion membrane (PIM) is presented to measure nickel 

speciation. A PIM is a functionalized membrane made of a polymer (cellulose triacetate, CTA), an extractant (di-(2-

ethylhexyl) phosphoric acid, D2EHPA) and a plasticizer (tributyl phosphate, TBP). The membrane acts as a 

semipermeable barrier, which allows the selective permeation of divalent metal ions due to the presence of D2EHPA. 

Using 0.05 M KNO3 pH=6 as donor solution and a 0.5 M HNO3 as a receiving phase, the accumulated Ni in the receiving 

phase correlates with free Ni the calculated with visual MINTEQ (R2 = 0.997). Upon addition of different amount of 

ethylenediamineteraacetic acid (EDTA) ligand to the donor solution, the measured free Ni decreases as a consequence 

of the formation of Ni-EDTA complex. The same behavior has been observed for Zn and Cu, indicating the possibility 

of using the PIM-technique for multielemental speciation studies. Currently, experiments to evaluate the metals 

interaction with different compounds, such as microplastics (polyvinyl chloride-PVC-, and polyethylene terephthalate 

–PET-) and organic compounds (the antibiotic sulfamethoxazole) are undergoing.  
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Regular Session 2: 85294 

 

Discrimination and quantification of soil nanoparticles by dual-analyte single particle ICP−QMS 

 

Kengbo Ding, Shaoxia Liang, Candie Xie, Quan Wan, Chao Jin, Shizhong Wang, Ye-Tao Tang, Miaoyue Zhang and 

Rongliang Qiu 

 

dingkb3@mail.sysu.edu.cn 

 

This study presents the new application of dual-analyte single particle inductively coupled plasma quadrupole mass 

spectrometry (spICP−QMS) to the discrimination and quantification of two typical soil nanoparticles (kaolinite and 

goethite nanoparticles, abbr. KNPs and GNPs) in three samples (SA, SB, and SC) with three detection events (Al 

unpaired event, Fe unpaired event, and paired event). SA was mainly composed of KNPs with a concentration of 28 443 

± 817 particle/mL and a mean particle size of 140.7 ± 0.2 nm. SB was mainly composed of GNPs with a concentration 

of 39 283 ± 702 particle/mL and a mean particle size of 141.8 ± 2.9 nm. In SC, the concentrations of KNPs and GNPs 

were 22 4541 ± 1401 and 70 604 ± 1623 particle/mL, respectively, and the mean particle sizes of KNPs and GNPs were 

140.7 ± 0.2 and 60.2 ± 0.3 nm, respectively. The accuracy of dual-analyte spICP−QMS was determined by spiking 

experiments, comparing these results with the measurements of other techniques, analyzing the samples in different SA 

and SB proportions and in different SC concentrations. Our results demonstrated that the dual-analyte spICP−QMS is a 

promising approach to distinguishing different kinds of natural NPs in soils. 
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Regular Session 2: 87223 

 

NexION 5000 ICP-MS - Spectra library for 78 elements with the reaction gases O2, N2O, CO2, NH3, 

CH3F and CH4 

 

Michael Petrich1, Ewa Pruszkowski1, Karl Andreas Jensen2 and Valeriia Morozova3 

1 PerkinElmer, Inc., 2 Norwegian University of Life Sciences (NMBU), Centre for Environmental Radioactivity (CoE 

CERAD), 3 National University of Life and Environmental Sciences of Ukraine (NUBiP), Kyiv 

 

Michael.Petrich@perkinelmer.com 

 

This work presents a library of product ion scans acquired using the NexION® 5000 Multi-Quadrupole ICP-MS in the 

mass range m-2 to 285 amu, six reaction gases, and 78 elements including the radionuclides 99Tc, 226Ra, 237Np, 241Pu 

and 243Am. The library contains 1,300 scans. Each element was scanned at a concentration of 1 µg/L and the 

corresponding blank. Additional scans of potential isobaric-, polyatomic-, or doubly charged interferences in higher 

concentrations expand the library. The scans can be overlaid and subtracted in the Syngistix™ for ICP/MS software. 

Exporting as csv files is also possible. 

The first result of this library are 6 color-coded periodic tables for the individual gases, pre-informing the user about the 

suitability of the reaction gas for interference correction. In most cases, several alternatives are available. If the analyte 

reacts strongly with the reaction gas but the interferent does not, the Mass Shift mode, where detection occurs at a higher 

mass, is the method of choice. In the opposite case, where only the interferent but not the analyte reacts with the gas, 

the MS/MS mode will be chosen. Here, the original mass is used for detection, while the interferent is either removed 

from the ion beam by a charge transfer reaction or shifted to a higher mass by a mass shift reaction. 
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Regular Session 3: 82859 

 

Biofortified and climate-resilient food and fodder production on marginal and contaminated soils 

 

Michel Mench¹, Evelin Loit, Indrek Keres², Virmantas Povilaitis³, Francois Rineau⁴, Beata Rutkowska⁵, Peter 

Schröder⁶, Kristjan Tiideberg², Wiesław Szulc⁵, Renaldas Zydelis³ and Raphael Segura¹ 

¹ Univ. Bordeaux, INRAE, ² Estonian University of Life Sciences, ³ Lithuanian Research Centre for Agriculture and 

Forestry, ⁴ Universiteit Hasselt, ⁵ Warsaw University of Life Sciences, ⁶ Helmholtz Zentrum München 

 

michel.mench@inrae.fr 

 

According to the EU Green Deal, future land use must embrace efficient production and utilization of biomass for 

improved economic, environmental, and social outcomes, notably for infertile and contaminated soils so far considered 

as marginal. Another frontier is to supply high-quality food and feed to increase the nutrient density (e.g. Se, I, etc.) of 

staple crops. 

To combat the decreasing productivity of arable soils, indirect land-use change risks, and progressive climate changes, 

the BioFoodonMars project develops opportunities to increase the amount and quality of food and feed crops in Europe 

using strategies for (1) sustainable growth of plant production and increasing climate change resilience of 

agroecosystems and (2) remediation of contaminated soils. Crop yields and valorization opportunities were assessed for 

various marginal soils and regional conditions in Europe using biofertilizers, soil additives, foliar fertilization (Si, Se/I), 

and management changes (supported by remote sensing and digitalization). 

Field trials were carried out in 2021 and 2022 with spring barley in Estonia, Lithuania, Poland and Germany on 

degraded/unfertile soils, and winter barley and grasslands on contaminated soils in France. The treatments included 

various nutrient regimes (mineral and organic fertilization) and foliar treatments (Si, Se/I, Si+Se/I). Barley was also 

grown in an ecotron in Belgium with simulated future climate conditions. Compost combined with NPK treatments 

most frequently enhanced grain yield. Foliar Se treatments generally increased shoot and grain Se concentrations and 

decreased exposure to excess Cu, Zn and Cd. Foliar Si and Se treatments increased phytoliths in grains and straw, and 

thus C sequestration (up to 50 kg/ha CO2 eq); one Si amendment into the soil led to sequestrate up to 0.3 t/ha under 

2070 climate. Compost and Si increased root biomass and changes root system architecture. Compost incorporation 

induced changes in soil microbiota. Foliar Si treatment led to changes in shoot transcriptome. 

Funding: This study was funded by the BioFoodonMars project (https://biofoodonmars.com/) under the ERA-NET 

FACCE SURPLUS Cofund 3rd call. 
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Regular Session 3: 83451 

 

The seaweed supplementation in cattle feed decreases inorganic arsenic in milk production 

 

Chan Xiong¹, Asta Petursdottir², Gunnar Ríkharðsson³, Corentin Beaumal² and Prof. Joerg Feldmann¹ 

¹ University of Graz, ² Matís, ³ Búnaðarsambands Suðurlands 

 

chan.xiong@uni-graz.at 

 

Seaweed has been part of the animal feed in coastal areas since ancient times. Given that seaweed is a source of harmful 

As species, it is of paramount importance to ensure that such harmful compounds do not pass onto animal-derived foods, 

such as milk, meat, and eggs. This study investigated the arsenic species in milk from seaweed-fed cows. 36 lactating 

dairy cows were separated into three groups, (i) without seaweed supplementation (CON), (ii) with seaweed 

supplementation at 0.75% in concentrate feed (LSW), and (iii) with seaweed supplementation at 1.5% in concentrate 

feed (HSW). Animals were fed concentrate feed with additional free access to the grass silage. The seaweed 

supplementation comprised mixed seaweeds (91% Ascophyllum nodosum and 9% Laminaria digitata), with a total 

arsenic of 32.7 mg/kg and iAs of 1.98 mg/kg. All cows were kept under the same CON diet  in Weeks 1-4; in Week 5 

and Week 10, the animals in LSW and HSW groups received 50% of the intended seaweed amounts for adaption; they 

were fed the corresponding experimental for four weeks (Weeks 6-9); and all groups were then returned to the CON 

diet for three weeks (Weeks 11-13). Arsenic speciation showed that the main species present were arsenobetaine (AB) 

and arsenate (As(V)) (41% and 23% of the total arsenic, respectively). Trace amounts of dimethylarsinic acid (DMA) 

and arsenocholine (AC) have also been detected in milk. Apart from arsenate being significantly lower (p < 0.001) in 

milk from seaweed-fed cows, than in milk from the control group, other arsenic species showed no significant 

differences between groups. The lower total arsenic and arsenate in seaweed diet groups indicates a possible competition 

of uptake between arsenate and phosphate and the presence of AC indicates a reduction of AB occurred in the digestive 

tract. Feeding a seaweed blend does not raise As-related safety concerns for milk. 
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Regular Session 3: 84988 

 

Thioarsenates are an emerging food safety threat: accumulation, mobility, and metabolism of 

dimethylmonothioarsenate in rice and other plant species 

 

Stephan Clemens, Britta Planer-Friedrich, Erik Pischke, Andrea Colina Blanco and Sebastian Haider 

University of Bayreuth 

 

b.planer-friedrich@uni-bayreuth.de 

 

Recently, both inorganic and organic thioarsenates have been found to be ubiquitously present in pore water of rice 

paddy soils around the world. Thioarsenates are taken up by plants and exert toxic effects (1). Transport rates and plant 

sensitivities vary widely. An arsenic species of particular concern for food safety is dimethylmonothioarsenate 

(DMMTA). Studies with mammalian and human cells consistently found a toxicity of DMMTA higher even than of 

arsenite. Our studies on rice and A. thaliana showed comparable toxicity profiles, as well as efficient uptake of DMMTA 

and high rates of translocation from roots to shoots (2, 3). Importantly, substantial amounts of DMMTA accumulate in 

rice grains and are detected in products derived from rice grains (4). In fact, a global survey revealed an omnipresence 

of DMMTA in rice grains (5). This had previously been overlooked because standard analytical procedures result in the 

conversion of DMMTA to dimethylarsenate, an arsenic species that is far less toxic for humans than DMMTA. Taken 

together, these observations call for a revision of regulatory guidelines defining the maximum tolerable levels of arsenic 

in food items, in particular rice (6). Moreover, there is an urgent need to elucidate the pathways of DMMTA transport 

and possible emergence within plant tissues. We will present our latest insights into the toxicity, transport, in planta 

mobility, and metabolism of DMMTA. 

 

References:  

(1) Planer-Friedrich et al. 2017. Environ Sci Technol 51: 7187−7196. 

(2) Kerl et al. 2019. Environ Sci Technol 53: 5787–5796. 

(3) Pischke E et al. 2022. Environ Sci Technol 56: 10072–10083. 

(4) Colina Blanco et al. 2021. J Agric Food Chem 69: 2287–2294. 

(5) Dai et al. 2022. Environ Sci Technol 56: 3575–3586. 

(6) Planer-Friedrich et al. 2022. J Agric Food Chem 70: 9610–9618. 
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Regular Session 3: 85007 

 

Machine learning and geochemical fingerprinting based authentication of Mediterranean anchovies 

 

Nidhi Dalal, Antonio G. Caporale, Diana Agrelli and Paola Adamo 

University of Naples Federico II 

 

nidhi.dalal@unina.it 

 

Seafood network, riddled with countless middlemen is extremely susceptible to origin concealment and/or mislabelling 

frauds for monetary gains. The geochemical profile of fish is a function of its habitat. Multielement analysis has been 

coupled with Machine learning techniques for food authentication, but their combined use is yet to be exploited for fish 

whose migratory lifestyle poses a challenge. 

Anchovies were procured from Tyrrhenian (37 samples) and Adriatic Seas (38 samples) between November 2021 and 

February 2022 and their multielement analysed for 21 elements (Li, Na, Mg, P, K, Ca, V, Mn, Fe, Co, Ni, Cu, Zn, As, 

Se, Rb, Sr, Mo, Cd, & Cs) using ICP-MS (Thermo Fisher iCAPQ ICP-MS) with certified fish protein materials (DORM-

4 and ERM-BB422) as reference. Support Vector Machine (SVM) and K-nearest Neighbour (kNN) were used to 

differentiate between the fish from two regions. SVM (testing set = 0.3) with linear and polynomial kernels and kNN 

with k=2 and k=3 gave an accuracy of 91%, 79 %, 95% and 96% respectively, when all the 21 elements were used for 

classification. Recursive feature selection in SVM was used to select variables based on their predictive ability. Eight 

elements, Li, Na, P, K, Se, Sr, Mo & Cs were chosen and SVM and kNN repeated. The accuracy of linear and polynomial 

SVM kernels and kNN (k=3) improved to 96%, 100% and 100% respectively. Among the 8 elements, Se, Sr and Cs 

were the ones with highest predictive ability. These are non-essential elements for zooplankton (main food source of 

anchovies) growth and are absorbed/ingested by marine plants and animals. Thus, geochemical profile coupled with ML 

can be profitably applied to authenticate anchovies. 

 

Acknowledgement: This Project is a part of SUREFISH PRIMA project (https://surefish.eu/) supported by EU Grant 

Agreement No. 1933 and of METROFOOD-IT project (https://www.metrofood.it/) from the NextGenerationEU, 

PNRR, for the realisation of an integrated system of research and innovation infrastructures, IR0000033, D.M. n.120 

21/06/2022. 
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Regular Session 4: 84306 

 

Heavy metal pollution disrupts trophic interactions in soil food web 

 

Xuehua Wang and Jianming Xu¹ 

¹ Zhejiang University 

 

jmxu@zju.edu.cn 

 

The microbial soil food web plays a vital role in nutrient cycling and ecosystem services, but how anthropogenic 

disturbance, such as heavy metal pollution, effect on trophic-level interactions within the soil microbial food web 

remains largely unknown. We investigated trophic interactions among protists, their preys (bacteria and fungi) and 

competitors (nematodes) along pollution gradients using high-throughput sequencing and laboratory verification 

experiments. Heavy metal pollution negatively affected protist-preferential prey, positively affected protist-

nonpreferential prey, but had a limited effect on the protist-competitor. This resulted in a considerable decrease in the 

diversity and abundance of protistan consumers and their interactions with other organisms. Metal-induced changes in 

the prey community contributed more to the protist community than direct metal stress. Incubation trials validated above 

results showing that heavy metal pollution inhibited growth of protist (Colpoda) and protist-preferential prey 

(Spingomonas) but stimulated growth of protist-nonpreferential prey (Arthrobacter). These findings indicate that heavy 

metal pollution collapses trophic-level interactions within the microbial soil food web, providing important implications 

for managing trophic interactions to maintain soil ecosystem services under the challenge of worldwide metal pollution. 
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Regular Session 4: 84496 

 

Ecogeochemistry in a changing Arctic – Linking trace elements to the health of ungulate wildlife 

 

Sophia V. Hansson¹, Niels M. Schmidt², Gaël Le Roux¹, Jesper B. Mosbacher³, Lars Holst Hansen², Hugo Gilbert¹ and 

Floris M. van Beest² 

¹ Laboratoire Ecologie Fonctionnelle et Environnement, CNRS, Université de Toulouse, France, ² Department of 

Ecoscience, Aarhus University, Roskilde, Denmark, ³ Norwegian Institute of Polar Research, Tromsø, Norway 

 

sophia.hansson@toulouse-inp.fr 

 

The Arctic is rapidly changing due to climate-induced environmental effects and increased anthropogenic perturbations 

– both with potentially profound consequences for the availability of essential elements (nutrients like copper (Cu), zinc 

(Zn), selenium (Se)) and non-essential elements (contaminants like lead (Pb), mercury (Hg), cadmium (Cd)). Yet the 

spatial variation and geochemical distribution of such trace elements in the Arctic – including their role in wildlife health 

– is vastly unexplored. A better understanding of possible shifts in the availability and transfer of these elements through 

the food-chain is thus crucial as it may have direct repercussions on the health and survival of large Arctic wildlife. This 

is especially the case for the iconic and pre-historic muskoxen (Ovibos moschatus) which, due to rapid environmental 

changes, are facing an unprecedented threat towards its survival. The aim of the ATCAF-project, and this presentation, 

is thus to fill this knowledge gap by targeting the environment – biota – trace element interaction while also taking an 

original approach by directly linking trace elements concentrations in the environment to wildlife health. By uniting 

empirical data on total-chemistry (e.g. Cu, Zn, Se, Mo, As, Cd, Hg, Pb from TQ-ICP-MS and DMA), ecological tracers 

(δ13C & δ15N from IRMS) and biomedical isotopic signatures (65Cu/63Cu from MC-ICP-MS) with health biomarkers 

(e.g. SAA, total protein) and predictive modelling approaches, we will quantify the aboveground–belowground linkages 

of essential and non-essential trace elements in a high-Arctic terrestrial ecosystem (Zackenberg, North-East Greenland), 

estimate the subsequent transfer efficiency and assess the role these trace elements play in the health of muskoxen on 

both individual and population levels. Combined, this is expected to advance science-based monitoring of wildlife health 

and population demographics, and to promote well-informed conservation strategies and ecosystem management in 

systems under pressure. 
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Regular Session 4: 84572 

 

Bioavailability and toxicity mechanisms of Co(II) and Ni(II) and their interactions in HepG2 cells 

 

Alicia Thiel¹, Vivien Michaelis¹, Martin Simon², Tanja Schwerdtle³ and Julia Bornhorst¹ 

¹ Food Chemistry, Faculty of Mathematics and Natural Sciences, University of Wuppertal, ² Molecular Cell Biology 

and Microbiology, Faculty of Mathematics and Natural Sciences, University of Wuppertal, ³ German Federal Institute 

for Risk Assessment (BfR) 

 

athiel@uni-wuppertal.de 

 

The two metals cobalt (Co) and nickel (Ni) are commonly used as components of alloys, pigments and catalysts or 

combined in lithium-ion batteries of electric vehicles (e.g. scooters, bicycles or cars), leading to an increased occurrence 

in nature and consequently higher human uptake (via drinking water or food). A further relevant source is medical 

exposure, with metal-on-metal hip implants providing the highest concentrations. Metal overexposure of both Co and 

Ni has been associated with adverse health effects in humans, like neurological diseases, cardiomyopathy, or cancer. To 

elucidate the consequences and underlying toxicity mechanisms especially after combined exposure, total metal content 

in HepG2 cells was quantified by inductively coupled plasma-optical emission spectrometry. Potential oxidative stress 

was investigated by determining reactive oxygen species (ROS) formation using fluorescent probe 6-carboxy-2',7'-

dichlorodihydrofluorescein-diacetate (Carboxy-DCFH-DA). Alterations in cellular glutathione levels (reduced and 

oxidized) were quantified via liquid chromatography-tandem mass spectrometry. After single exposure (0 to 500 µM 

Co(II)/Ni(II) for 24/48 h), cellular metal content increased concentration-, but not time-dependently. The combination 

of fixed 25 µM Co(II) or 150 µM Ni(II) and combinations with various concentrations of the respective other metal for 

24 h resulted in higher cellular Co(II) and reduced cellular Ni(II) amount compared to single exposure. Additionally, 

Co(II) concentrations higher 100 µM led to both significant ROS generation and increased GSSG formation, which 

could also be observed after combined treatment of 25 µM Co(II) with 150 µM Ni(II). Preliminary data indicate 

interactions of Co(II) and Ni(II) in HepG2 cells, specifically in their bioavailability, whereas the differences in oxidative 

stress induction suggest different toxicity mechanisms. In future studies, the identification of cell death mechanisms will 

be addressed, as well as a transcriptome analysis, to get an broader overview of the underlying toxicity mechanisms of 

Co(II) and Ni(II). 
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Regular Session 4: 84726 

 

Skeletal abnormalities in juvenile fish from the most radiation-contaminated lakes within the 

Chornobyl Exclusion Zone 

 

Christina Ganzha, Dmitri Gudkov, Igor Abramiuk and Oleksandr Kaglyan 

Institute of hydrobiology NAS of Ukraine 

 

krisdgan@gmail.com 

 

Radionuclides are one of the main anthropogenic stressors of aquatic ecosystems within the Chornobyl Exclusion Zone 

(ChEZ), which necessitates the study of deviations in the development of aquatic organisms. The diversity and 

occurrence of morphological abnormalities in the development of fish are responses to both genetic and environmental 

factors and thus may be good biomarkers for contaminants. Skeletal disorders are one of the problems in the 

development of fish that can affect their morphology, growth and survival. The purpose of our research was to describe 

and quantify morphological abnormalities, in juvenile fish from the radioactive contaminated aquatic ecosystems of the 

ChEZ. All specimens were cleared and stained for bone with alizarin red following the method of T. Potthoff. The study 

was conducted in Glyboke and Azbuchyn lakes within the ChEZ as a comparative study of fish from Pidbirna Lake near 

Kyiv City with background levels of radioactive contamination. The samples of the European bitterling (Rhodeus 

amarus) from lakes Pidbirna and Glyboke and sunbleak (Leucaspius delineatus) from lakes Pidbirna and Azbuchyn 

were studied. The main radiation exposure for fish in the ChEZ water bodies is mainly formed by 90Sr and 137Cs. In 

the juvenile fish of Glyboke Lake, such anomalies as deformation of the ribs (80%), deformations of the last vertebra 

of the caudal section (44%) and additional branches of the neural and haemal arches (36%) predominated. The anomalies 

such as deformation of the ribs (87%), deformation of the last vertebra of the caudal section (36%) and additional 

processes of the neural and haemal arches (31%) were predominant in the fishes of Azbuchyn Lake. As a result of the 

research, nine types of abnormalities localized in two sections of the skeleton were diagnosed. The individual spectrum 

of abnormalities did not exceed four abnormalities per specimen. 

 
 
 
 
 
 
 
 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
117



 

 

Regular Session 4: 84735 

 

Characterization of Cu homeostasis and consequences of Cu oversupply in C. elegans 

 

Ann-Kathrin Weishaupt¹, Karsten Lamann², Elke Tallarek², Aidan Pezacki³, Carson Matier³, Tanja Schwerdtle⁴, Chris 

Chang³, Michael Aschner⁵ and Julia Bornhorst¹  

¹ Bergische Universität Wuppertal, ² Tascon GmbH, Münster, Germany, ³ University of California, Berkeley, CA, 

USA, ⁴ German Federal Institute for Risk Assessment (BfR), Berlin, Germany, ⁵ Albert Einstein College of Medicine, 

Bronx, NY, USA 

 

weishaupt@uni-wuppertal.de 

 

The essential trace element copper (Cu) is required as a cofactor for several enzymes due to its redox potential. However, 

Cu is increasingly being introduced into the environment, as it is used in industrial and agricultural processes. Excess 

Cu uptake can be detrimental, since increased Cu levels can lead, among others, to the formation of reactive oxygen and 

nitrogen species. Consequently, Cu homeostasis is tightly regulated by multiple transport and storage proteins. For 

further insights into Cu homeostasis, we investigated the consequences of the loss of Cu storage protein (cp) and 

transporter atox-1. We use the model organism C. elegans, since the nematode compromises an optimal in vivo model 

conserving various orthologs taking part in Cu homeostasis. Wildtype worms and deletion mutants atox-1∆ and cp∆ 

were treated 24 hours with CuSO4-enriched E. Coli up to 2 mM. Total Cu levels were determined by optical emission 

spectrometry with inductively coupled plasma. Loss of protein atox-1 or cp resulted in lower total Cu levels, 

respectively, compared to wildtype worms. Since labile or loosely bound Cu is readily bioavailable, we hypothesized it 

might also be more damaging. Labile Cu was quantified using fluorescent dye CF4, with elevated labile Cu levels in 

mutant atox-1Δ and even higher levels in cpΔ compared to wildtype worms. Time-of-Flight Secondary Ion Mass 

Spectrometry analysis was used to assess Cu distribution, but also confirmed lower total Cu levels in mutants atox-1Δ 

and cpΔ. Images reveal a homogenous distribution of Cu over total worm bodies in all strains. We quantified total 

reduced (GSH) and oxidized (GSSG) glutathione levels via liquid chromatography-tandem mass spectrometry, as well 

as daf-16 (ortholog of human FOXO protein) translocalization, which taken together implies, that Cu is capable of 

inducing oxidative stress in C. elegans. Our novel data underline the importance of a proper regulated Cu homeostasis. 
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Regular Session 4: 84809 

 

Approaching mitochondrial copper in frozen murine liver tissue: preliminary results 

 

Tom Heinze¹, Franziska Ebert¹, Christiane Ott², Judith Nagel³, Carola Eberhagen⁴, Hans Zischka⁴ and Tanja 

Schwerdtle⁵ 

¹ University of Potsdam, Institute of Nutritional Sciences, ² Deutsches Institut für Ernährungsforschung Potsdam-

Rehbrücke (DIfE), ³ Technische Universität München (TUM), Institute of Toxicology and Environmental Hygiene, 

⁴ Helmholtz Center München, Institute of Toxicology, ⁵ Bundesinstitut fuer Risikobewertung 

 

toheinze@uni-potsdam.de 

 

Alterations of copper (Cu) homeostasis is a common appearance associated with aging. This aspect, among others, is 

targeted within the TraceAge project with the focus to establish an age-specific trace element fingerprint as predictive 

tool for the onset of age-associated diseases. While many bulk analysis studies show a change in serum copper with age, 

they only provide limited information to the detailed understanding of Cu homeostasis. Early pathological changes 

related to copper often occur first on a subcellular level – for example structural alterations of mitochondria. In order to 

investigate whether mitochondrial copper also changes with age, first an isolation method for mitochondria, ideally from 

frozen tissue samples is required.  

This work presents the preliminary state of a method for isolating mitochondria from frozen liver samples, with the 

extension to quantify Cu in this subcellular fraction. PBS-flushed and snap-frozen liver samples from C57BL/6 mice 

were homogenized with a semi-automated potter customized to operate in 1.5 mL reaction tubes. The crude 

mitochondrial fractions are isolated from the homogenate via different steps of differential centrifugation. In the first 

fractions mitochondrial proteins were identified by Western Blot, Cu content was quantified by ICP-MS/MS after 

microwave-assisted acid digestion and electron microscopy (EM) pictures were taken to assess mitochondrial integrity. 

An enrichment of mitochondrial membrane proteins was observed but could not be confirmed for matrix proteins. The 

Cu content of the first isolates was 20 to 25 ng/mg of mitochondrial protein of the crude mitochondrial fraction, still 

further confirmation is required. 

These first results might indicate some cryodamage to the organelles, which is supported by lower Cu content in the 

crude mitochondrial fractions, compared to studies isolating from fresh tissue. This is further in line with preliminary 

EM pictures, revealing challenges for the homogenization process and the requirement for further research regarding 

method optimization and validation. 
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Regular Session 4: 84961 

 

Trace elements and size in mesopelagic organisms from the North-East Atlantic 

 

Martin Wiech, Zhu You, Eva García-Seoane and Atabak Mahjour Azad 

Institute of Marine Research, Bergen, Norway 

 

martin.wiech@hi.no 

 

The predicted increase in the global population is paralleled by a growing food demand. Harvesting biomass from the 

ocean is hypothesized to contribute significantly to future food and feed. Mesopelagic organisms are in the spotlight due 

to large biomass estimates. Previous studies have shown their nutritional potential in essential elements, and also 

possible concerns regarding contamination with toxic trace elements like cadmium. The size of aquatic organisms is a 

known predictor for the concentration of certain elements including mercury, however, it is still understudied for many 

other elements which are important for nutrition and food safety. 

In the current study, we collected samples of four abundant mesopelagic species in North-East Atlantic waters 

attempting to cover an as large as possible size range: the fish species glacier lanternfish (Benthosema glaciale) and 

Mueller’s pearlside (Maurolicus muelleri), the euphausiid Northern krill (Meganyctiphanes norvegica), and a decapod 

Eusergestes arcticus. For all species, samples were taken from Norwegian fjords; for the fish species and krill, they 

were also collected from offshore areas (Icelandic Basin, Norwegian Sea, North Sea). The samples were analyzed using 

ICP-MS for several trace elements including arsenic, cadmium, copper, iron, manganese, mercury, selenium, vanadium 

and zinc. The relationship between element concentrations and size was investigated within the different areas and for 

each species. They were related to stable bulk isotope analyses (carbon and nitrogen) and the visceral-somatic index. In 

addition, the distribution of the elements in different body parts of fish was investigated. While mercury concentrations 

largely followed the expected positive trend with increasing size, some exceptions were found. Some of the essential 

elements showed a negative relationship with size, following roughly a decreasing visceral-somatic index in Benthosema 

glaciale. Species- and site-specific patterns will be presented and discussed. 
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The influence of metallophores on trace element speciation 

 

Walter Schenkeveld 

Wageningen University & Research 

 

walter.schenkeveld@wur.nl 

 

Metallophores are biogenic chelating ligands excreted by many plants and microorganisms for the purpose of acquiring 

specific metal micronutrients, particularly under conditions of low nutrient bioavailability. The ability of a metallophore 

to bind and mobilize the target metal relies, among other things, on the affinity and specificity for that specific metal, 

which in turn depends on the nature and number of the binding moieties, the molecular geometry and the ability to 

stabilize specific redox states. In environmental systems typically an array of trace metal elements other than the target 

metal nutrients are present, which may also be complexed by the metallophore, affecting their speciation, mobility and 

bioavailability. Despite the critical role of metallophores in the biological acquisition of essential micronutrients, the 

geochemical mechanisms by which they affect trace element speciation in natural environments are still poorly 

understood. 

In various batch suspension experiments, in which (phyto)siderophores (for Fe acquisition) and chalcophores (for Cu 

acquisition) interacted with model minerals, soils and sediments, the influence of metallophores on trace element 

speciation was examined. The effectiveness of metallophores at mobilizing the target metal nutrient proved strongly 

dependent on environmental conditions like pH and on the solid phase speciation of the target metal. Metallophores 

were also able to mobilize non-target metals including heavy metals such as U, Ni and Co, which may lead to potential 

risks of groundwater contamination. Depending on soil conditions, solid phase metal speciation and metallophore 

properties, the mobilization of non-target metals may critically compromise the effectiveness of the metallophore at 

increasing the bioavailability of the target metal nutrient. Finally, by mobilizing the target metal, metallophores may 

also increase the bioavailability of other trace elements, like P, which are associated with the target metal, e.g in Fe-

minerals. These results illustrate that furthering our understanding of the complex interactions of metallophores with 

trace elements in environmental systems is key to understanding metallophore-mediated biological nutrient acquisition.  
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Geochemical landscapes of essential and non-essential elements as drivers of calf recruitment in a 

high-Arctic herbivore population 
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Tromsø, Norway, ⁴ Department of Biology, University of Copenhagen, Denmark, ⁵ Laboratoire Ecologie 

Fonctionnelle et Environnement, CNRS, Université de Toulouse, France 

 

sophia.hansson@toulouse-inp.fr 

 

The bioavailability of essential and non-essential (toxic) elements in soils and vegetation is expected to influence the 

survival and reproductive success of free-ranging terrestrial herbivores. While there is growing scientific effort linking 

concentrations of (trace) elements measured in animal tissues to individual health or fitness, few studies have attempted 

to relate the use of geochemical landscapes by terrestrial populations directly to reproductive output. Here we used 

concentrations of selected major and trace elements (12 in total) as measured in soil and vegetation samples collected 

at Zackenberg valley, east Greenland, and related these to environmental conditions to spatially predict and map 

geochemical landscapes. We then used long-term (1996-2022) monitoring data of muskoxen (Ovibos moschatus) in the 

same area to quantify annual variation in the relative use of essential and toxic elements and their linkages to calf 

recruitment. Our results show that the relative use of sites with increased bioavailability of the essential trace elements 

Cu, Se, and Mo positively influenced annual calf recruitment, while selection of sites with increased bioavailability of 

the toxic elements As and Pb negatively impacted annual calf recruitment. We did not detect strong associations between 

annual calf recruitment and the elements Ba, Co as well as C:N ratio, which is a common stoichiometric measure of 

plant quality for many herbivores species. We conclude that the spatial distribution and heterogeneity of trace element 

concentrations in natural landscapes is an important driver of reproductive output in wildlife populations. The value of 

geochemical landscapes to assess species-habitat relationships is likely to augment under contemporary and future 

environmental change. 
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Patterns of trace elements in hair and faeces of semi domestic reindeers 

 

Maryse Rouelle¹, Laure Turcati², Yannick Agnan³ and Marie.A Alexis¹ 

¹ UMR METIS, Sorbonne Université, UPMC, CNRS, EPHE, ² Sorbonne Université, ³ Earth and Life Institute, Soil 

Science, Université catholique de Louvain (UCLouvain) 

 

maryse.rouelle@sorbonne-universite.fr 

 

The main objective of the project TRAC3S (“TRace elements in the Arctic: Climate Change Consequences”) is to study 

the biogeochemical cycles of mineral trace elements (zinc, selenium, copper…) in boreal areas. The current context of 

climate change and thawing of permafrost will modify trace element dynamics with possible effects on ecosystem as 

well as eventually human health and lifestyle issues through (bio)accumulation of TEs in eaten plants (berries for 

humans, lichen and else for reindeer, moose, etc.) and eaten animal meat (reindeer, moose, fish, etc.).Thanks to several 

field missions in the Arctic and the establishment since 2019 of a local citizen science network (‘ETrennes’), we have 

been able to collect food samples from reindeer, as well as biological tissues (hair and faces samples) from France, 

Norway, Sweden and Siberia. The metabolism of organisms regulates TEs from their incorporation to either their 

elimination via expiration, urine and excrement, or their sequestration in inert tissues (hairs and antlers). Indeed, 

excrement can be used as an indicator of the environmental availability of TE in food items consummed by higher –

trophic’ levels animals and hairs are known as biomarkers of chemical exposure in environmental research. More than 

15 TE were measured in all samples collected. Significant differences exist between the TE concentrations in hair and 

faeces of reindeers from French farms. Faeces, which represent one of the main routes for the elimination for excess or 

toxic consumed elements, generally contain higher concentrations of TE than hairs. On the other hand, whatever the 

farms, the [TE]hair/[TE]feaces ratio is similar. The trace element signature in these samples could be used for monitoring 

changes in the terrestrial boreal trophic network.  
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Metals and metalloids in aquatic long-term monitoring at the river Rhine – a look back and into the 

future 

 

Lars Duester, Nadine Belkouteb, Mohamed Harhash, Anna-Lena Gerloff and Jan Wiederhold 

Federal Institute of Hydrology (BfG) 

 

duester@bafg.de 

 

"Sooner or later we learn to throw the past away." A line from Sting's song “History will teach us nothing” from 1987 

raises the question, can we really learn something from history, or do we first have to free ourselves from the burden of 

our past actions? In the presentation, this question will be addressed based on metal and metalloid long-term monitoring 

data from the river Rhine. An attempt is undertaken to reveal possible deficits of our actions in past and present, in order 

to compare them with future opportunities. This is also done in the context of former technical and financial challenges 

as well as prioritisations. 

International cooperation on the Rhine regarding water quality dates back to 1946. The International Commission for 

the Protection of the Rhine was established to address massive problems of water quality. At that time, a first 

international measuring program for water quality was already established. The Sandoz accident in 1986 gave additional 

impetus to the international cooperation. The digital Rhine database on metals and metalloids goes back to the 1970s 

for about twenty German national and international stations. Today, first steps are undertaken towards close to real-time 

monitoring of metals and metalloids at the river Rhine by the Federal Institute of Hydrology (BfG) with the overall aim 

to further improve prognosis and decision-making competences. 

On the basis of the main topics (long-term metal and metalloid trends, analytics, sampling quality, online/atline 

procedures, data communication and provision of information), it will be discussed to what extent changes in our 

monitoring systems may also have contributed to changes in social and political action. In the end, maybe we can decide 

whether history can really teach us nothing or whether we can perhaps take one or two things from the past to improve 

our future actions towards a modern long-term river monitoring on metals and metalloids? 
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Sulfate removal via Ettringite precipitation as pre-treatment for Selenium removal from industrial 

wastewater 

 

Amelia Parao, Tom Hennebel and Gijs Du Laing 

Ghent University 

 

amelia.parao@ugent.be 

 

Selenium represents an extremely difficult contaminant to remove from wastewater due to its range of solubility and 

different treatment amenability depending on the oxidation states. Because the environmental regulation limits have 

become more stringent for selenium, the treatment of selenium-contaminated wastewater has become more challenging 

and thus gained increasing attention. 

Ion exchange and adsorption are typical treatment options for removing toxic anions like arsenic and selenium. 

However, a very high concentration of competing ions interferes with the adsorption of these oxyanions and renders 

these technologies economically infeasible. Sulfate is one of the anions in high concentrations in wastewater, and typical 

sulfate removal techniques like gypsum precipitation still result in high residual sulfate concentrations. This study thus 

aims to explore the possibility of enhancing selenium removal using a two-step process involving the removal of sulfate 

via ettringite precipitation in the first step, followed by selenium adsorption in the final step. 

The effect of Ca and Al concentrations in the formation of ettringite precipitate in a typical industrial wastewater matrix 

was investigated. Based on the results, the optimum Ca:SO4
2-  molar ratio is around 3-4, while the optimum Al:SO4

2- is 

approximately 1 to 1.5. A higher than optimum amount of Al dosage did not improve the ettringite formation but resulted 

in a lower amount of sulfate and metalloid removal. At the optimum Ca and Al ratio, the sulfate concentration was 

reduced to approximately 50 ppm, equivalent to around 98% removal. The co-precipitation of oxyanions with ettringite 

was also determined. Results show that at the optimum Ca:Al ratio, selenium and arsenic co-precipitation is around 75% 

and 88%, respectively. 
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Arsenic and fluoride prediction modelling for risk-based decision-making 

 

Michael Berg and Joel Podgorski 

Eawag, Swiss Federal Institute of Aquatic Science and Technology 

 

michael.berg@eawag.ch 

 

One-third of the world’s population uses groundwater for drinking and cooking. However, groundwater is contaminated 

with naturally occurring (geogenic) arsenic or fluoride in many regions around the globe. An estimated 400 million 

people or almost 5% of the global population are exposed [1, 2]. Symptoms of poisoning become apparent only after 

long-term exposure or can initially be hard to distinguish from other causes. It is therefore important to localize safe and 

unsafe aquifers as early as possible. Although known for several decades, the investigation of geogenic groundwater 

contaminants has been piecemeal and is mainly based on individual scientific research efforts. 

Significant progress has been made in recent years in predicting the probability of groundwater contamination by 

drawing relationships with a variety of climatic, geological, soil and other physical parameters. These can function as 

effective spatial proxies for hydrogeochemical processes related to geogenic contamination and have been applied in 

different combinations with statistical modeling (e.g. logistic regression or random forest) to predict the distribution of 

high and low arsenic or fluoride concentrations across entire regions, even for areas without hydrochemical data.  

Our presentation will highlight successful predictions of groundwater arsenic and fluoride at regional to global scales 

that not only produce high-resolution hazard maps, but also allow for estimating the number of people potentially 

exposed. To assist water authorities and decision-makers, our risk maps and modeling tools are made openly available 

on the interactive GIS-based Groundwater Assessment Platform (GAP, www.gapmaps.org). 

 

References:  

[1] Podgorski J, Berg M. Global threat of arsenic in groundwater. Science, 368, 845–850 (2020). 

doi.org/10.1126/science.aba1510 

[2] Podgorski J., Berg M. Global analysis and prediction of fluoride in groundwater. Nature Comms., 13, 4232 (2022). 
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Geogenic sources of arsenic, fluoride and uranium to groundwater flow systems in the Mexican Sierra 

Madre occidental 
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Water supply in semiarid areas in Mexico depends on water extraction from aquifers where large drawdown rates can 

be observed due to increasing demand from urban, industrial and agricultural users. In addition to both climatic and 

exploitation issues, the northern Mexican aquifers have major geological limitations. Most of the aquifers’ geographic 

extensions are limited by the Basin and Range regional structures. These “graben siliciclastic shallow aquifers” are 

generally described as multilayered and compartmented aquifers. Moreover, groundwater overexploitation may threaten 

volcanic aquifers not only by the introduction of contaminants through human activities but also by natural processes.  

Fluoride, arsenic and uranium are naturally occurring trace elements that cause adverse health effects when present in 

drinking water. Groundwater in the cities of Chihuahua, Zacatecas and San Luis Potosi, Mexico, exceeds in some wells 

the national and international standards for human use and consumption for these elements. Elevated concentrations of 

these elements in water are often attributed to felsic volcanic sequences; however, the specific bearing phases to which 

groundwater anomalies can be credited are rarely identified. Through detailed petrography, total rock analysis (W%), 

scanning electron microscopy (SEM), electron microprobe (EMP), and laser ablation (LA-ICP-MS), minerals and 

amorphous facies (glassy matrix) hosting these elements were identified. Flourine-rich minerals (fluorapatite and biotite) 

and glassy matrix rich in As and U are mainly found in rhyolites and ignimbrites belonging to the Tertiary volcanic 

outcrops of the tectonostratigraphic province of the Sierra Madre Occidental, and basin-fill sediments derived from these 

rocks. Based on the present study, the arsenic, fluoride and uranium anomalies in the different study zones are associated 

with ignimbrites and rhyolites considered as the potential primary source of groundwater, where some matrix alteration 

textures such as spherulitization and devitrification (present in the rocks) favor water-rock interaction in these elements.  
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Fabrication of metal-biochar through co-pyrolysis of chlorella and red mud and its application for 

dye degradation 

 

Hocheol Song¹, Kwangsuk Yoon¹, Gihoon Kwon¹, Eunji Kim Master degree¹, Young-Kwon Park² and Eilhann Kwon¹  

¹ Hanyang University, ² University of Seoul 

 

hcsong@hanyang.ac.kr 

 

The common microalgae and industrial waste (chlorella and red mud) were co-pyrolyzed in carbon dioxide (CO2) 

condition to fabricate metal-biochar. Real-time syngas monitoring revealed the use of CO2 substantially enhanced CO 

production by expediting CO2-medicated thermal cracking of chlorella and its impact was further pronounced when red 

mud was incorporated in the pyrolytic process. The produced metal-biochar was characterized and employed as a 

catalyst for persulfate activation for methylene blue and methyl orange removal. BET analysis indicated that the metal-

biochar mainly possessed porous structure (meso- and macropores). The XRD analysis revealed that hematite (Fe2O3) 

contained in red mud was transformed to magnetite (Fe3O4) during co-pyrolysis. The metal-biochar effectively activated 

persulfate and removed methylene blue and methyl orange to yield pseudo-first-order rate constant of 0.17 and 0.025 

min-1, respectively. Collectively, co-pyrolysis of microalgae and industrial waste containing transition metals in CO2 

condition can be a viable option to harvest energy resources from biomass and to produce catalytic medium applicable 

to remove a wide range of redox active contaminants. 

 

Acknowledgment: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the  

Korean government (MSIT) (NRF-2021R1A2C1010564, NRF-2023R1A2C3003011 and NRF-2021R1A2C3011274). 
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marie.heydon@get.omp.eu 

 

Size-fractionation of trace elements in river waters of mining regions are very important for understanding the 

mechanisms of metal(loid) transfer, accumulation and toxicity, especially when waste storages are closely linked to the 

hydrographic network. Years of extraction of gold and arsenic in the Orbiel valley (France) left their marks including 

several millions tons of waste still stored in the valley. In this context, investigate the role of colloidal matter seems to 

be essential to better understand the factors governing the transport of major and trace elements (especially As) in waters. 

A field campaign was carried out during high water season to collect samples of the Orbiel River and its tributaries. 

Size-fractionation was performed by in situ (ultra)filtrations (0.22 μm, 0.025 μm, 100 kDa and 3 kDa) and physico-

chemical parameters of river waters were assessed in all fractions (conductivity, pH, alkalinity, dissolved organic carbon 

(DOC), anions, major cations and metal(loid)s concentrations). 

From upstream to downstream, a decrease of DOC, Fe, Al and rare earth elements (REE) concentrations in the 

“dissolved” fraction (< 0.22 μm) was observed. Conversely, As concentration increased especially at the exit of the old 

mining zone, and was mainly present in truly dissolved fraction, and therefore possibly more bioavailable. As present 

in the colloid fraction was about 40% upstream and decreased clearly downstream. Upstream, Fe and Al were mostly 

present in the colloidal fraction, i.e. around 90%, but decreased to 30% downstream for Al. The concavity of the REE 

pattern suggested a significant role of colloidal organic matter in the transport of these elements, also supported by an 

enrichment in middle REE compared to light and heavy REE disappearing progressively with a smaller cut-off. Finally, 

the variations in concentrations along the rivers reflected a combination of changes in lithology and input of 

contaminants from storage areas or alluvial table. 
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Due to its mining past, the Orbiel valley ecosystems and inhabitants are subjected to a strong risk of As environmental 

contamination. Indeed, 12 million tons of tailings produced during As and Au exploitation in the last century are still 

stored on sites. Rehabilitation works have been implemented to store mining wastes and treat leaching waters. However 

recent studies have still reported on As water and sediment contamination. The complexity of the area and previous 

findings have shown the importance of a more in-depth study of As sources and fate in the watershed, including 1/ 

characterizing As contamination levels in the Orbiel River during different hydrological periods, 2/ identifying the main 

sources of As and 3/ distinguishing the natural geochemical baseline from anthropogenic inputs.  

Water samples ( < 0.22 µm) were collected in the Orbiel River and its tributaries from 2018 to 2022 to analyze major 

element and metal(loid) concentrations, alkalinity, dissolved organic carbon , Sr isotope ratio and As redox speciation 

in the dissolved fraction. Upstream the mining district, in Orbiel river, the dissolved As concentration was about 2 µg/L 

and increased downstream near the main waste storage area to 7 – 71 µg/L (min-max, depending on the period). The 

anthropogenic origin of the contamination was confirmed by the less radiogenic 87Sr/86Sr ratios in contaminated waters 

compared to upstream pristine waters, with respect to the lime treatment implemented in the mine waste area. A high 

proportion of As(III) with respect to total As ( > 52%) was evidenced at this point, while As(V), less toxic, was prevalent 

elsewhere. Based on spatial variations in metal(loid) concentrations and geochemical facies of waters, the mining-

impacted tributaries are also identified as significant carriers of As to the Orbiel River. The present study will serve as 

a reference to interpret the origin, transport and fate of metal(loid)s during future extreme flood events, characteristics 

of the Mediterranean area. 
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Contamination of small urban rivers the in the perspective of climate changes based on  watercourses 
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Small watercourses in urbanized areas are not only an interesting element of the landscape, but they are also important 

for the proper functioning of urban ecosystems. They are usually not covered by the surface water quality monitoring 

network, which makes it difficult to access current information on their contamination. Such watercourses are also part 

of Krakow’s hydrographic network, which consists of many named and unnamed rivers. Their contamination is a serious 

problem, and the main reason is the discharge of industrial wastewater and polluted rainwater as well as the impact of 

air pollution. The quality of these watercourses was analyzed on the basis of physicochemical indicators. The 

determinations showed exceeding the permissible concentrations of metals, e.g. cadmium and lead, which are most 

likely related to industrial and transport pollution. Significantly higher concentrations of heavy metals are detected in 

bottom sediments than in water. The slightly acidic pH of the water recorded in many measurement points is of concern, 

as the lower the pH, the greater the chance of remobilization of heavy metals bound in the sediment. Considering the 

fact that high concentrations of heavy metals were found in the studied bottom sediments, it poses a significant threat 

to the environment.  

Among the physicochemical parameters of water quality, a too-low pH value at many measurement points indicates the 

acidifying effect of pollutants or acidic precipitation, an exceeded value of electrical conductivity indicates too high a 

total concentration of pollutants, while too-low concentrations of oxygen dissolved in water are associated with 

eutrophication or slow flow watercourses. The argument supporting the thesis of eutrophication is high concentrations 

of phosphorus, whose permissible concentrations were exceeded in almost all studied water samples. Taking into 

account the fact of very large decreases in the water level and the volume of flows during periods of low flows, this 

situation poses a great threat to aquatic ecosystems and human health. 
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Redox transformation of arsenic during microbial reduction and oxidation of iron-organic matter 

complexes 

 

Ruixia Han¹, Gang Li¹ and Yong-Guan Zhu 

¹ Institute of Urban Environment, Chinese Academy of Sciences 

 

rxhan@iue.ac.cn 

 

Arsenic (As) is one of the most widely studied metalloids since it poses a great threat to human health through 

groundwater and soil-plant system. It mostly binds to iron (oxyhydr)oxides and organic matters (OM) in soil, which 

usually present as complexes, and microbially mediated redox transformation of the iron-organic complexes also affect 

the sorbed As. Therefore, we employed ferrihydrite, facultative anaerobe iron-reducing bacteria Shewanella oneidensis 

MR-1, humic acid (HA) and fulvic acid (FA) to evaluate the microbial iron reduction and hydroxyl radical (•OH) 

production as well as the adsorption-desorption and transformation of As in microbe-mineral-OM system during 

fluctuating redox processes. Under anoxic conditions, FA and HA increased the microbial iron reduction extent and the 

production of both dissolved and adsorbed As(III). When converted to oxic conditions, •OH was produced upon the 

oxidation of Fe(II) and reduced OM, in which HA inhibited the yield of •OH, but FA had no significant influence on it. 

As(III) was oxidized by produced •OH and re-adsorbed on ferrihydrite and sequestered by newly formed secondary 

minerals. In FA-mediated system, superoxide was the predominant intermediate in •OH production, while superoxide 

and hydrogen peroxide dominated in HA-mediated system. Both FA and HA also inhibited the transformation of 

ferrihydrite to highly crystalline iron oxides. These findings provide deep insights into the behavior of As in complex 

systems under fluctuating redox conditions. 
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Longevity is a key factor affecting the sustainability of heavy metal immobilization techniques. Traditional methods, 

such as Portland Cement-based solidification, and lime-based stabilization, suffer from diminished immobilization 

effect towards heavy metals in the long term, leading to elevated risks of metal leaching and migration to the surrounding 

environmental media including surface water and groundwater. Understanding the aging mechanisms and processes of 

soil amendments, and developing novel materials and technologies with long-term effectiveness, are crucial to mitigate 

the risks associated with leaching-induced migration, and to achieve the maximum net environmental benefit of 

immobilization. In this work we systematically assess aging mechanisms and processes that deteriorate an 

immobilization system, including wet-dry cycling induced by precipitation, freeze-thaw cycling as a result of 

temperature fluctuation, surface oxidation caused by sunlight irradiation, carbonization of material lattice induced by 

atmospheric carbon dioxide, and microbial colonization of carbonaceous porous materials. Changes in physicochemical 

properties of soil amendments following different aging processes were quantitatively examined. We then developed a 

series of long-term effective amendments for the sustainable immobilization of heavy metals, including engineered 

biochar, hydrogel-mineral composite, novel magnesium binders, and functionalized clay. Enhanced surface 

complexation and precipitation, self healing of cracks, and formation of stable lattice following hydration, manifested 

these amendments with long-term effectiveness for metal immobilization. Both accelerated aging experiments at lab, 

and long-term field trials confirmed their effectiveness for long-term immobilization of a variety of metals and 

metalloids including Cd, Pb, As, and Sb. These amendments also offer improved soil health, as evidenced by enhanced 

soil aggregation characteristics, elevated cation exchange capacity, and boomed biodiversity of microorganisms. The 

application of these sustainable natural or waste-derived materials also contribute to carbon neutrality due to their ability 

to store and stabilize carbon in ground, thus offering an additional environmental benefit in the long term. 
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Rare earth elements in paddy soil-rice system near a mining area in south of China: Ecological and 

human health risk assessment 
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Ion-adsorbed rare earth deposit is the representative rare earth resource in China. As emerging contaminants, REE 

transport and distribution as well as ecological and health risk posed by rare earth elements (REEs) has raised public 

concerns. In this study, bulk soil, rhizosphere soil and the corresponding root and shoot of rice plant samples were 

collected from a paddy soil around an ion-adsorbed rare earth mine. The REE spatial distribution, enrichment level, 

potential source, ecological risk and human health risk were estimated by statistical analysis, PMF and probabilistic 

health risk models. The results revealed that the concentrations of ΣREEs from all soil samples were higher than their 

background value in China. Ce, La, Nd and Y were the most abundant REEs in the study area. Most REEs were 

accumulated in the root of rice plants, especially heavy REEs. Most sample sites exhibited the light ecological risks in 

the study area. The synthesis of positive matrix factorization and correlation analysis proved that the five potential 

sources of REEs in the paddy soil-rice system were agricultural activity, parent material, industrial discharge, mining 

activity and traffic emission, with a contribution rate of 24.0%, 22.6%, 20.0%, 18.2% and 15.2%, respectively. 

Probabilistic health risk assessment results demonstrated that non-carcinogenic risk for children and adults was 

negligible, and the carcinogenic risk was acceptable for the population. Besides, agricultural activity was the primary 

anthropogenic contributor of health risk. 
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Regular Session 6: 83554 

 

Significance of soil pollution hotspot analysis for the EU Soil Strategy for 2030 

 

Chaosheng Zhang 

University of Galway 

 

Chaosheng.Zhang@universityofgalway.ie 

 

The European Union Commission adopted the EU Action Plan: 'Towards Zero Pollution for Air, Water and Soil' and 

Soil Strategy for 2030, requiring that by 2050, pollution is reduced to levels no longer considered harmful to health and 

natural ecosystems. It is widely acknowledged that soil pollution is a severe hazard to human and soil health. However, 

due to the strong spatial heterogeneity, the precise sources and the status of soil pollution still remain largely unclear. 

With the rapid development of soil database construction at the regional, national and international scales, there are 

opportunities to have soil pollution hotspots identified, supporting more effective and wide-spread soil remediation. In 

this presentation, two techniques for hotspot analysis including local index of spatial association (LISA) and Getis Ord 

Gi* are explored based on geochemical databases from Europe, London in the UK and Galway in Ireland. The LISA 

method can identify spatial clusters of high values and low values, as well as spatial outliers. On the other hand, the 

Getis Ord Gi* is effective to identify spatial clusters. In the big data era, such techniques play important roles in revealing 

patterns and special features hidden in environmental databases. Identification of soil pollution hotspots provides 

essential decision support for assessments of hazard, exposure and risks from soil pollution. 
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Regular Session 6: 83583 

 

How to avoid heavy metal pollution of soil and transfer to the food chain - a 25-year retrospective 

 

Peter Leinweber and Christel Baum 

University of Rostock 

 

peter.leinweber@uni-rostock.de 

 

This contribution summarizes the author´s workgroups achievements in heavy metal pollution of soils and the mitigation 

of possible transfers to the food chain. In areas of high livestock density significant inputs of Cu and Zn to soil results 

from excrement. The example of a data set from Northwestern Lower Saxony (Germany) that involves metal contents 

in soil, sorption isotherms and transfer functions indicates the risk of groundwater conta¬mi¬nation. Here a lower animal 

density and improved hygienic conditions in staples have been proposed – simple measures that enable less Cu and Zn 

containing fodder supplements. Another source of agricultural metal contamination, especially Cd, is the mineral P 

fertilization because most phosphate rocks contain this toxic element. A relatively new P recycling material, bone char, 

applied as slow P release fertilizer, is not only free of Cd, but lowers the Cd mobility in soil due to pH increase. This 

has also been observed for an innovative S-doped bone char. This material showed an improved P release without losing 

the Cd immobilization capability. Large-scale, low to medium-intensive metal contaminations such as in wetlands 

adjacent to great streams in industrial areas require in situ-remediation techniques. Examples will be given for the 

phytoremediation of wetland soils, using fast growing trees. The performance of the trees has been improved by 

inoculation with ectomycorrhizal fungi and helper bacteria. These few examples show, that current heavy metal transfers 

to the food chain can be lowered or even avoided by relatively simple approaches. 
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Regular Session 6: 83787 

 

Assessment of soil toxicity – various approaches applied to arsenic contaminated soils in a historical 

ore mining and processing site 

 

Anna Karczewska¹, Katarzyna Szopka¹, Agnieszka Dradrach¹, Iwona Gruss¹ and Karolina Lewińska² 

¹ Wroclaw University of Environmental and Life Sciences, ² Adam Mickiewicz University in Poznan 

 

anna.karczewska@upwr.edu.pl 

 

Strong soil enrichment with toxic elements is basically a local problem that occurs mainly in industrial areas, especially 

those affected by mining and processing of metal(loid) ores. The appropriate tools should be used to assess the state of 

soil contamination and remediation efficiency. A supplementary qualifier "toxic", used in the FAO-WRB soil 

classification, has not been defined and refers to national regulations. These are usually based on total concentrations of 

contaminants in soils, which is in the case of mining sites misleading without considering the solubility and toxicity of 

contaminants. Several countries have introduced a risk assessment procedure, based on standardized scenarios, though 

they are often considered controversial. It seems necessary to develop common principles for the assessment of soil 

toxicity, which is compliant with the EU's mission to work out soil health indices. This communication is intended to 

contribute to this discussion. The case study of soils affected by historical gold and arsenic mining in Złoty Stok (the 

Sudetes range, SW Poland) will be discussed. In that site, large land areas are covered by soils that developed from mine 

wastes and tailings spread in the river floodplain. They contain high concentrations of arsenic, often well above 1000 

mg/kg, i.e. by two orders higher than those considered safe by Polish law. Various approaches will be presented that 

can be applied for the assessment of associated risk, including those based on geochemical indices, arsenic extractability 

and toxicity bioassays with different groups of biota. The results will be discussed focusing on their dependence on 

adopted experimental options and various endpoints. The factors that affect the current solubility of arsenic will be 

considered. All these considerations indicate that it would be advisable to develop the common principles for 

determination of both current and potential toxicity of contaminated soils. 
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Regular Session 6: 84034 

 

Rare earth elements in tea garden soils and tea leaves in Taiwan 

 

Zzu-Ying Huang and Zeng-Yei Hseu 

National Taiwan University 

 

f10623001@ntu.edu.tw 

 

Tea (Camellia sinensis) is a widespread beverage crop that prefers acidic soils with high potential availability of rare 

earth elements (REEs) and aluminum. According to the Goldschmidt potential (Z/r), REEs behave similarly to 

aluminum and exist as trivalent cations in nature. We hypothesized that labile REEs are controlled by the soils and that 

the REEs concentration in tea buds may be related to the content of Al. The purpose is to explore the distribution and 

fractionation of REEs transferred from soil to tea and characterize the relationships between REEs and aluminum in tea 

buds. Soils and corresponding tea buds were collected from tea gardens in Taiwan. The total REEs content in the soils 

and tea buds was determined by aqua regia and HNO3-H2O2 digestion, respectively, and labile REEs were extracted 

with single extractions, 1 mole/L KCl, 0.1 mole/L HCl, and 0.05 mole/L EDTA. The concentration of light REEs 

(LREEs) was higher than middle REEs (MREEs) and heavy REEs (HREEs) in all samples. The order of extractability 

for soil REEs lability was as follows: HREEs > MREEs > LREEs. To better understand the dynamics of REEs from soil 

to plant, we normalized REEs in tea buds by upper continental crust (UCC), and found that MREEs and HREEs were 

more abundant in the tea buds than LREEs, which was different from soil. The aqua-regia-extractable and HCl-

extractable REEs in the soils exhibited a positive correlation. REEs, LREEs, MREEs and HREEs considerably increased 

with the increase of Al in the tea buds, and the stronger correlation showed between Al and MREEs and HREEs. HCl-

extractable REEs efficiently indicated the availability of soil REEs to tea buds. Compared with the extractability of 

LREEs, the high extractability of MREEs and HREEs in the soils coincided with higher UCC-normalization-based 

enrichment of MREEs and HREEs in the tea buds. These results confirm that REEs, especially MREEs and HREEs, 

considerably increase with an increase of Al in tea. 
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Regular Session 6: 84047 

 

Geochemical behaviors of rare earth elements in humid and tropical soil profiles along a 

lithosequence in Taiwan 

 

Cho-Yin Wu and Zeng-Yei Hseu 

National Taiwan University 

 

d08623001@ntu.edu.tw 

 

The composition and concentration of rare earth elements (REEs) in soil are primarily dependent on the lithology of 

parent materials. The different association preferences among individual REE and soil solid phases also cause REEs 

fractionation during pedogenetic processes. However, studies on the interaction between lithology and pedogenesis, 

affecting the geochemical behaviors of REEs, are lacking. Thus, this study elucidated the influence of parent materials 

on REEs concentration and distribution during pedogenesis in four pedons along a lithosequence covering schist, 

andesite, shale, and mafic rocks identified in eastern Taiwan. The highest ΣREEs was observed in the schist pedon (253–

319 mg kg-1), followed by the andesite pedon (239–277 mg kg-1), mafic pedon (243–254 mg kg-1), and shale pedon 

(195–222 mg kg-1). Moreover, REE patterns and ratios of light REEs (LREEs) to heavy REEs (HREEs) indicated that 

soils derived from felsic rocks (schist and shale) tended to be rich in LREEs; conversely, soils derived from mafic rocks 

were rich in HREEs. HREEs decreased with an increase of Si, but values of REEs fractionation proxies (LaN/YbN and 

LaN/SmN) increased with increasing Si. The mass transfer coefficients (τ) of REEs, LREEs, and HREEs exhibited a 

significant correlation with LaN/SmN. Compared with LREEs, HREEs exhibited a greater depletion and contribution 

in REEs fractionation in the studied pedons, as evaluated based on τHREEs, w and its correlation with LaN/SmN and 

GdN/YbN. The relatively high mobility of HREEs, coupled with the clear illuviation, resulted in decreased values of 

LaN/SmN and GdN/YbN along with the increasing degree of soil weathering. This study elucidated the shift in the 

factors controlling the REEs fractionation from the lithologic characteristics of parent materials to the pedogenesis, 

along with the progressed soil development. Additionally, the increasing degree of soil weathering can be quantified 

using the ratios of LaN/SmN and GdN/YbN. 
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Regular Session 6: 84084 

 

Mineralogical mechanisms to stabilize heavy metals and metalloids in sulfidic and metallic tailings   

 

Longbin Huang¹, Songlin Wu¹, Yunjia Liu² and Tuan Nguyen¹ 

¹ The University of Queensland, ² China Agriculture University 

 

l.huang@uq.edu.au 

 

Sulfidic and metallic tailings contain large amounts of metal(loid)s in forms of minerals and soluble salts, as well as 

sulphides. The metal(loid)s can be easily solubilized in the process of sulphide oxidation and acidification, upon 

exposure to abiotic (e.g., oxidative cations, water and oxygen) and biotic (e.g., Fe/S-oxidizing bacteria and archaea). In 

tailings' mineralogical and geochemical conditions, conventional remediaiton methods based on functional adsorbents 

and hyperaccumulating plants are not feasible and inconceivable, due to extremely high concentrations of soluble cations 

and metal(loid)s in solution (i.e., porewater) phase. These soluble cations, anions and metal(loid)s in solution far exceed 

the saturation capacity of even most elaborately designed absorbents. Geochemical dynamics (e.g., extremely acidic pH 

and high levels of metal(loid)s in solution) in disturbed tailings cannot support plant survival, let alone metal(loid) 

uptake and removal (i.e., phytoextraction). The present talk will summarize our recent research outcomes, to illustrate 

synergistic mechanisms to immobilize metal(loid)s through mineral transformation and physical encapsulation, leading 

to physical and mineralogical immobilization and biological inaccessibility. Microstructural and synchrotron-based X-

ray absorption analysis unravelled the role of amorphous mineral phases in the mineralogical immobilization of 

metal(loid)s. The evidence highlights the critical role of Fe-Si-rich mineral gels in the metal(loid) stabilization 

mechanism, which are products of sulphide oxidation and co-dissolution of Fe-Si-rich minerals in the tailings. The 

proposed approach may help to control metal(loid) contamination and sustainably rehabilitate sulfidic and metallic 

tailings. 
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Regular Session 6: 84198 

 

Cadmium uptake by oregano (Origanum vulgare): Is added nitrogen helpful to boost the plant’s 
ability? 

 

Giorgos Thalassinos, Efi Levizou and Vasileios Antoniadis¹ 

¹ University of Thessaly 

 

antoniadis@uth.gr 

 

Soils with high Cd can be decontaminated with phytoremediation, a process that uses accumulator plants to absorb 

pollutants. A major restriction is a plant’s yield, as accumulators are often weeds. In this work we aimed at adding N as 

a means of enhancing the vitality of our test plant, oregano (Origanum vulgare), a species known to withstand harsh 

abiotic stresses. In a pristine soil, we added Cd at 0, 20 and 40 mg kg-1 soil (thereafter Cd0, Cd20, and Cd40, respectively) 

and two N rates equivalent to 0 and 340 kg N ha-1 (thereafter N0 and N1) and cultivated oregano in a 50-day pot 

experiment, which was replicated 10 times. We found that oregano dry weight increased significantly from 4.95 g pot-1 

at the unamended control to 7.34 g pot-1 at Cd40N1, meaning that the benefit of added N surpassed the negative effect 

of the Cd-borne stress. All other treatments had non-significant differences compared to the control. Cadmium content 

in oregano was, as expected, zero in the Cd0 treatments (i.e., both Cd0N0 and Cd0N1) but increased to 0.35 mg kg-1 at 

Cd40N0 (non-significant increase) and further to 1.11 mg kg-1 at Cd40N1—this value was significantly different from 

all the non-added-N treatments, including Cd40N0). This confirms the previous finding related to the boosted plant’s 

ability to absorb Cd with increased N, which presumably leads to enhanced plant vigor. Further we assessed the plant’s 

performance in regard to its potential use as a phytoremediation species. We calculated the Cd soil-to-plant transfer 

index (bioconcentration factor, BAF) and the root-to-shoot translocation (translocation factor, TF). Both indices 

exhibited the failure of oregano as a potential accumulator. We conclude that boosted vigor by added N is a promising 

method of increasing a plant’s ability to absorb Cd, but further tests are necessary regarding oregano. 
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Regular Session 6: 84239 

 

Sorption and immobilization of cadmium by layered double hydroxide-based materials: performance, 

mechanism, and stability 

 

Dong Zhang, Zilong Liu, Ying Pan and Hongting Zhao 

Hangzhou Dianzi University 

 

zhangdong@hdu.edu.cn 

 

Layered double hydroxide (LDH) is, an anionic clay, capable of sorption of anionic and cationic heavy metals via 

various mechanisms. Isomorphic substitution has been widely recognized to be one of the most important mechanisms 

for cationic heavy metal sorption by LDHs. However, systematical assessment of the relationship of LDH structure-

cationic heavy metal sorption is not available. Additionally, the sorption/immobilization stability as well as the fully 

utilization of sorption sites of LDHs are still poorly understood. Therefore, a series of LDHs with different moiety of 

interlayer anion and laminate cations were synthesized to evaluate the structure-sorption relationship for cadmium (Cd) 

based on isomorphic substitution mechanism. LDH-biochar composites were fabricated to optimize the available 

sorption sites of LDHs for Cd. Results showed that the sorption performance of LDHs for Cd was determined by the 

structure, where more divalent cations released led to higher Cd sorption. For LDHs with different divalent cations, the 

sorption capability and affinity of Cd correlated with the releasing of divalent cations from LDH layers, as well as the 

Ksp values of their hydroxides, following the order of Ca2+ >> Mg2+ > (Cd2+) > Ni2+ ≈ Zn2+. For LDHs with different 

interlayer anions and ratio of divalent to trivalent cations, the average particle size determined the release of Mg2+ and 

thus sorption of Cd. The stability of cadmium sorption/immobilization was also assessed by Cd-containing LDH 

(Mg2.9Cd0.1Al-LDH) in aqueous and soil slurry systems. Results indicated the immobilization of Cd by LDHs was 

quite stable and less than 5.82%, 2.16%, and 0.95% of LDH sorbed Cd were released in aqueous, soil extracts, and soil 

matrix, respectively, in all test conditions. The composites of LDH and biochar significantly enhance the sorption 

capability of Cd compared with LDH alone. The Langmuir-estimated capacity for Cd of MgAlCO3-LDH and MgAlNO3-

LDH reached 697 mgCd·gLDH-1 and 249 mgCd·gLDH-1, 632% and 395% than the raw LDHs (95.2 and 50.3 

mgCd·gLDH-1), 
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Regular Session 6: 84243 

 

Mineral-organic interactions drive the aging and stabilization of exogenous Pb in soils 

 

Qiaoyun Huang 

Huazhong Agricultural University 

 

qyhuang@mail.hzau.edu.cn 

 

The interactions of soil components have profound impacts on the speciation, bioavailability and transformation of 

heavy metals. However, these interactions have not been well included in multi-surface model (MSM) as most of the 

models adopt component additive method. Here, an incubation experiment was conducted with three contrasting soils 

spiked with 200 mg/kg Pb and rice straw to investigate the impact of mineral-organic interactions on Pb speciation and 

to validate the MSM for Pb in soils. With the aid of chemical extraction and instrumental analysis (XANES and SEM-

EDS), the results show that metal oxides and soil organic matter are the main scavenger for Pb, accounting for the 

stabilization of exogenous Pb by ~20% - 60% and ~10% - 50%, respectively. The accumulation of the most stable 

residual Pb was driven by Fe/Al oxides, which was fostered by organic matters through the formation of amorphous 

Fe/Al oxides. Unexpectedly, the introduction of straw promoted the activation of metal oxides and the competition from 

Fe/Al/Ca ions reduced the binding of Pb by soil organic matters. Simulation of organic-Fe/Al/Ca interactions largely 

improved the accuracy of the MSM model results for the prediction of Pb speciation distribution. Overall, this study 

highlights that mineral-organic interactions play important role in the stabilization of exogenous Pb in soils, while 

incorporate of these interactions into MSM is recommended in future heavy metal studies. 
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Regular Session 6: 84297 

 

Mobilization of colloid- and nanoparticle-bound arsenic in contaminated paddy soils during reduction 

and reoxidation 

 

Pengjie Hu¹, Yu Zhang¹, Jiajia Wang², Yanpei Du¹, Qinghai Guo³, Zezhen Pan², Xingmao Ma⁴, Planer-Friedrich 

Britta⁵, Yongming Luo¹ and Longhua Wu¹ 

¹ Institute of Soil Science, Chinese Academy of Sciences, ² Fudan University, ³ China University of Geosciences,  

⁴ Texas A&M University, ⁵ University of Bayreuth 

 

pjhu@issas.ac.cn 

 

The association of arsenic (As) with colloidal particles could increase its availability in soil−rice systems, but also 

facilitate the transport to adjacent surface- and groundwater. However, current As characterization in paddy soil 

porewaters mainly focuses on its chemical speciation, ignoring the discrimination of particle-bound As. Here we 

incubated four contaminated paddy soils that cover a wide pH range (3.0 to 7.5) to study the mobilization of particle-

bound As during soil reduction and subsequent reoxidation. Using transmission electron microscopy−energy dispersive 

spectroscopy and asymmetrical field flow fractionation, we identified organic matter (OM)-stabilized colloidal Fe, most 

likely in the form of (oxy)hydroxide–clay composite, as the main arsenic carriers. Specifically, colloidal As was mainly 

associated with two size fractions of 0.3−40 kDa and >130 kDa, and its formation was especially relevant to near-neutral 

porewater. Soil reduction facilitated the release of As from both fractions, whereas reoxidation caused their rapid 

sedimentation. Further quantitative analysis demonstrated that As concentration positively correlated with both Fe and 

OM concentrations at nanometric scales, irrespective of soil types and redox conditions. This study provides a 

quantitative and size-resolved understanding of particle-bound As in paddy soils, highlighting the importance of 

nanometric Fe–OM–As interactions in As geochemical behaviors. 
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Regular Session 6: 84317 

 

Transport and transformation of chromium and arsenic in coastal area at the scenarios of seawater 

intrusion and managed aquifer recharge 

 

Chengpeng Yuan¹, Yaqiang Wei², Xiaoyun Xu¹ and Xinde Cao¹ 

¹ Shanghai Jiao Tong University, ² Shanghai University 

 

xdcao@sjtu.edu.cn 

 

The coastal area is a zone of particular concern since it is prone to accumulate contaminants, and provides linkage for 

contaminants to circulate between terrestrial and marine environments. Frequently occurring freshwater and seawater 

alternating fluctuations due to the seawater intrusion may carry down contaminants from the upper soil, while seawater 

intrusion and the subsequent engineering measures of managed aquifer recharge (MAR) could affect the transport of 

contaminants in the aquifer. We reported that the freshwater and seawater alternating fluctuation brought downward 

migration of Cr from upper contaminated soil and induced reduction of Cr(VI) into Cr(III). An obvious increase of 

retained Cr(III) was observed at the lower layers of soil due to the reducing environment. More importantly, the colloids 

with average sizes between 800-1500 nm was formed during the fluctuation and mainly composed of microcline and 

Fe/Mn oxides minerals, which determined the Cr transport. Compared with the previous freshwater fluctuation, seawater 

fluctuations generated more and larger–sized colloids due to its high ionic strength. These colloids carried over 94% Cr 

in the effluent and Cr(III) accounted for over 95% of total Cr.  Further study showed that seawater intrusion induced 

10.3% more release of aqueous As in aquifers, which was attributed to the competitive desorption as a result of elevated 

anion concentration and pH, and the reduction of As(V) to As(III) due to the reduced redox potential and enriched As-

reducing bacteria. The seawater intrusion inhibited the recrystallization of iron (hydr)oxides and instead facilitated its 

conversion to iron sulfide with lower affinity to As. The subsequent MAR introduced oxygenated recharge water into 

aquifers and increased the redox potential, leading to the dissolution of iron sulfide followed by formation of amorphous 

iron (hydr)oxides. However, the competitive desorption of As with rich HCO3
- under increased pH dominated 

continuous increase in the aquifer aqueous As during MAR process. Our findings provide new insights on the 

understanding of geochemical process of Cr and As in coastal area. 
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Thallium adsorption onto clay minerals in soils and sediments 

 

Andreas Voegelin¹, Silvan Wick¹, Bart Baeyens² and Maria Marques Fernandes² 

¹ Eawag, Swiss Federal Institute of Aquatic Science and Technology, ² Paul Scherrer Institute 

 

Andreas.Voegelin@eawag.ch 

 

Thallium (Tl) is a highly toxic trace element and emerging contaminant. In the environment, Tl mainly occurs as 

monovalent Tl(I), which can show a similar reactivity as the alkali metals K and Cs. Therefore, the bioavailability and 

mobility of Tl in soils and sediments have been postulated to be controlled by Tl(I) adsorption onto clay minerals. In a 

first detailed study on the adsorption of Tl onto illite, we showed that Tl adsorbs with a very high affinity and that its 

uptake in competition with other major cations can be quantified using a 3-site cation exchange model originally 

developed to quantify the high-affinity adsorption of Cs at the frayed edges of illite platelets. In this more recent work, 

we studied the adsorption of Tl(I) onto a range of clay minerals: illite, smectite, muscovite, vermiculite and a soil clay 

mineral assemblage. To assess the link between the affinity and mode of Tl adsorption onto the different clay minerals, 

we combined macroscopic adsorption data with X-ray absorption spectroscopy for the characterization of the adsorbed 

Tl. The results show that the complexation of dehydrated Tl between two siloxane cavities at the frayed edges of illite 

particles or around collapsed zones in the interlayer of vermiculite results in very strong Tl adsorption. Strong Tl 

adsorption can also result from the complexation of Tl in siloxane cavities on the planar surfaces of illite and muscovite. 

In the expanded interlayers of smectite and vermiculite, on the other hand, the Tl cation remains hydrated and adsorbs 

rather weakly. Overall, the adsorption of Tl onto different types of clay minerals follows similar trends as reported for 

Cs. The uptake of Cs by clay minerals has been extensively studied with respect to the fate of radiocesium in nuclear 

waste repositories, soils and sediments, and the resulting model concepts should be transferable to the assessment of the 

fate and impact of Tl(I) in soils and sediments. 
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Interactions between mono- and polymeric silicic acid and Cd, Cu and Pb 

 

Mathias Stein¹, Maria Buchweitz², Anna Georgiadis³, Dietrich Gudat⁴, Pia Mayer², Joachim Ingwersen⁵ and Thilo 

Rennert³ 

¹ Department of Soil Chemistry and Pedology, Institute of Soil Science and Land Evaluation, University of 

Hohenheim, 70593 Stuttgart / present address: Silicon Biogeochemistry, Leibniz Centre for Agricultural Landscape 

Research (ZALF), 15374 Müncheberg, ² Department of Food Chemistry, Institute of Biochemistry and Technical 

Biochemistry, University of Stuttgart,  70569 Stuttgart, ³ Department of Soil Chemistry and Pedology, Institute of Soil 

Science and Land Evaluation, University of Hohenheim, 70593 Stuttgart, ⁴ Department of Inorganic Molecular 

Chemistry, Institute of Inorganic Chemistry, University of Stuttgart, 70569 Stuttgart, ⁵ Department of Biogeophysics, 

Institute of Soil Science and Land Evaluation, University of Hohenheim, 70593 Stuttgart 

 

mathias.stein@zalf.de 

 

Contamination with Cd, Cu and Pb is a major environmental issue. Silicic acid (Si) may interact with these metals, 

altering their environmental fate. At undersaturation with respect to silicate precipitation, the metals may be incorporated 

in the polymeric network of polymerized Si (pSi) or inner spherically complexed on Si surfaces, forming Si-contaminant 

compounds.Aiming to elucidate the mechanisms and the extent of this potential immobilization, we conducted (A) long-

term precipitation experiments in aqueous solution, (B) a soil column experiment, and (C) adsorption experiments. 

Particle size and charge were measured in-between 211 days using dynamic light scattering (DLS) and phase analysis 

light scattering. Solid phases were characterized by FTIR- and 29Si-NMR-spectroscopy. We conducted column 

experiments (B) with soil (pH 4.6) artificially contaminated with Cd or Cu in the presence and absence of monomeric 

Si, monitored the elemental composition of the eluates, and size and charge of the particles eluted.  

DLS analyses (A) revealed a positive effect of the metals on Si polymerization. FTIR spectra and 29Si-NMR relaxation 

experiments revealed that especially Cu was incorporated into polymerizing Si. However, pSi bound only traces (2.1‰ 

Cd, 2‰ Cu and 1.4‰ Pb) of the initially added metals. Column experiments (B) showed that larger particles eluted in 

the Si variants, indicating Si polymerization and the formation of Si-contaminant compounds in the soil. So did the 

molar metal:Si ratios and the significant correlation between Si and exchangeable metals. Adsorption experiments did 

not reveal any adsorption of the metals on pSi at pH 4 to 6 and after 24 h. However, charge of pSi changed during the 

experiment, indicating weak electrostatic interactions. This is the first study to show the formation of particulate 

compounds from the interaction between Si and the metals at acidic pH and concentrations below those required for 

precipitation of metal silicates or other minerals. 
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Simultaneous removal of arsenic and toxic metals from contaminated soil: Laboratory development 

and pilot scale demonstration 

 

Simon Gluhar¹, Anela Kaurin¹, Juan Francisco Morales Arteaga² and Domen Lestan² 

¹ Envit Ltd., ² Biotechnical faculty, University of Ljubljana 

 

simon.gluhar@envit.si 

 

The metalloid As and metals Pb and Cd are ranked 1st, 2nd and 5th as the most hazardous in the US Substance Priority 

List. They are often present together in soil. However, their different chemistry makes their simultaneous removal 

difficult.  

Novel technology, based on washing with EDTA, oxalic acid and Na-dithionite was developed and tested for soil 

contaminated with As, Pb, Zn and Cd. During soil washing the As-containing Fe oxide-hydroxide soil fractions were 

dissolved by oxalic acid and Na-dithionite, respectively. The released Fe was chelated with EDTA, which prevented the 

precipitation of new Fe oxide-hydroxide and the re-adsorption of As. At the same time, EDTA chelated toxic metals 

and removed them from the soil. Washed soil was 3-times rinsed with recycled solutions and Fe0 amended to reduce 

leaching of residual elements, assessed by dH20, CaCl2, NH4NO3 tests.  

For EDTA/process water recycling the toxic elements from used washing/rinsed solution were removed after 

alkalinisation with CaO (pH 12.5). As was co-precipitated with Fe hydroxide from Fe-EDTA chelate. The precipitated 

Fe hydroxide was highly adsorptive also for Pb and Cd. This further shifted the equilibrium of the Pb- and Cd-EDTA 

substitution reaction towards formation of Ca-EDTA (85% of EDTA). The remaining EDTA was precipitated from 

solution after acidification with H2SO4 (pH 2). The chelation of toxic metals by Ca-EDTA is kinetically hindered. Ca-

EDTA was therefore activated before reuse by capturing Ca by oxalate, which decrease soil washing time to 1h. Excess 

Ca, sulphate, oxalate ions precipitated, dithionite rapidly disproportionated and Na adsorbed on soil solid phase. The 

saturation of recycled solutions in series of batches with salts was thus prevented. No waste-water was generated. The 

cost-efficiency of technology was demonstrated in pilot scale (5x50 kg batches). The quality, C, N and P-cycle and 

function of remediated soil as plant substrate were preserved.  
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Regular Session 6: 84679 

 

Novel mycorrhiza-specific transporters contributes to As accumulation at the symbiotic interface of 

As-hyperaccumulator Pteris vittata 

 

Yue Cao, Dan Sun, Xiang Zhang, Wenjing Tian, Yetao Tang and Rongliang Qiu 

Sun Yat-sen University, Guangzhou, China 

 

caoy85@mail.sysu.edu.cn 

 

Arsenic (As) is toxic and ubiquitous in the environment, posing a growing threat to human health. As-hyperaccumulator 

Pteris vittata has been used for phytoremediation of As-contaminated soil. Symbiosis with arbuscular mycorrhizal fungi 

(AMF) enhances As accumulation by P. vittata, which is different from As inhibition in typical plants. Some scientists 

believe that AMF can directly enhance As uptake and translocation by P. vittata, thereby increasing its As accumulation. 

Others believe that AMF improves P. vittata growth, thereby increasing its total As accumulation. Here, based on long-

term soil experiments and short-term assays in the sand culture, we clarified the function of AMF in As uptake and 

transportation in P. vittata. AMF-root symbiosis enhanced plant growth, with 64.5% greater As contents in the fronds. 

After exposing to AsV for 2 h, the arsenate (AsV) and arsenite (AsIII) contents in AMF-roots increased by 1.8- and 3.6-

fold, suggesting more efficient As uptake by P. vittata with AMF-roots. Plants take up and transport AsV and AsIII via 

phosphate transporters (Phts) and nodulin 26-like intrinsic proteins (NIPs), respectively. Here, for the first time, we 

identified novel mycorrhiza-specific Pht transporter, PvPht1; 6, and NIP transporter, PvNIP-FAAR2, from P. vittata. 

The transcripts of PvPht1;6 and PvNIP-FAAR2 were strongly induced in AMF-roots, which were localized to the 

plasma membrane of arbuscule-containing cells. In yeast assays, we confirmed their As transport activities using yeast 

mutant strains. Besides, expression of PvPht1;6 and PvNIP-FAAR2 genes in tobacco enhanced growth and increased 

As accumulation under AMF symbiosis. The results suggest that PvPht1;6 and PvNIP-FAAR2 are probably critical for 

AsV and AsIII transport at the peri-arbuscular membrane of P. vittata root cells, revealing the underlying mechanism 

of efficient As-accumulation in P. vittata with AMF-roots, which can be used to enhance As uptake by P. vittata for 

phytoremediation application. 
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Regular Session 6: 84703 

 

Effect of phosphate on the stability of poorly crystalline arsenic phases 

 

Petra Venhauerova¹, Petr Drahota¹ and Christian Mikutta² 

¹ Institute of Geochemistry, Mineralogy and Mineral Resources, Faculty of Science, Charles University, Prague, 

 ² Soil Mineralogy, Institute of Mineralogy, Gottfried Wilhelm Leibniz University Hannover 

 

petra.venhauerova@natur.cuni.cz 

 

The competition of arsenic with phosphate for sorption sites is well documented; however, the long-term stability of 

poorly crystalline or amorphous arsenic phases at elevated phosphate levels is not known. The present study examined 

the impact of different phosphate levels (0 mM, 0.5 mM, and 50 mM of NaH2PO4) on the stability of amorphous ferric 

arsenate (AFA, FeAsO4·xH2O) and poorly crystalline yukonite (Yuk, Ca2Fe3(AsO4)3(OH)4·4H2O). The effect of 

phosphate on the stability of these arsenic phases, both synthetically prepared and naturally occurring in composite 

materials (mining waste and soil), was studied using a batch experiment and monitored for one year. The increase in the 

phosphate concentration resulted in an extracted As increase from all samples. The total content of As in the synthetic 

solids dropped by 50 % at 50 mM compared to 0 mM phosphate solution while the P levels reached > 80 g/kg; however, 

XRD analysis at the end of the experiment did not determine any phase transformations in the synthetic phases. Chemical 

microanalyses of the synthetic phases indicated that As is replaced in the structure of AFA and Yuk by phosphorus, 

suggesting their low stability at high phosphate levels. Substantial release of As (~13 %) and sequestration of P (up to 

6.5 g/kg) was also noticed in the AFA-rich waste and Yuk-rich soil, but no chemical changes were documented in the 

AFA and Yuk phases. Microprobe analyses of co-associated Fe (oxyhydr)oxides in these complex samples indicated 

that the major mechanism of As and P exchange in the mine waste and soil included sorption processes on the 

omnipresent Fe (oxyhydr)oxides. These findings indicate that the instability of amorphous or poorly crystalline arsenic 

phases at high phosphate conditions could be effectively suppressed by the coexistence of good As sorbents such as Fe 

(oxyhydr)oxides. 

 

Acknowledgment: This research was supported by the Grant Agency of Charles University (GAUK no. 790120), Czech     

Science Foundation (GAČR no. 22-27939S), and Center for Geosphere Dynamics (UNCE/SCI/006). 
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Regular Session 6: 84760 

 

Sediment provenance and alteration predefine U and As distribution and mobility in Germany 

 

Andre Banning 

University College Cork 

 

abanning@ucc.ie 

 

Arsenic (As) and uranium (U) are potentially toxic trace elements that occur naturally in sediments, soils and 

groundwater. Geological evolution, expressed by geochemical proxies, can explain trace element distribution on 

different temporal and spatial scales, and help understand and forecast the occurrence of quality hot spots which is 

required for a reasonable and sustainable use and management of natural resources including soils and groundwater. 

Here, case studies on As and U accumulation and remobilization processes in sedimentary aquifers with different 

depositional facies and geological age are revisited to develop a systematic overview of Germany’s geogenic inventory 

of these trace elements. Sediments were hydrogeochemically, mineralogically and genetically characterized, they 

represent aquifers actually or potentially affected by naturally elevated groundwater concentrations of As and/or U. 

After assessing a number of geochemical proxies for a total of 270 solid samples to evaluate As and U spatio-temporal 

distribution, the following results and conclusions were obtained: while Pleistocene geological development can explain 

As/U being widely absent in sediments and related groundwater in northern Germany, their abundance and distribution 

in the central and southern parts of the country are controlled by sediment provenance geochemistry: only highly felsic 

origin (Moldanubian Variscides) allows for elevated U in the systems while lower provenance felsicity (but above 

NASC, here the Rhenohercynian Variscides) appears to suffice for As presence. On a national scale, mainly Triassic 

sedimentary aquifers are affected. The formation climax of the supercontinent Pangaea had passed, denudation of the 

new orogen and material transport to sediment basins peaked in the Permo-Triassic.   

Magmatic geochemistry based on the incompatibility of U and As is the ultimate control of trace element supply to 

sedimentary systems where subsequent (hydro)geological and anthropogenically triggered intra-basin processes of trace 

element accumulation, redistribution and eventually remobilization to groundwater take place and create the present-

day situation. 
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Regular Session 6: 84791 

 

Microbially-mediated reduction and mobilization of arsenic in soils: the impact of soil organic matter 

 

Xiaolin Cai, Xiaotong Liu, Naiyi Yin and Yanshan Cui 

  University of Chinese Academy of Sciences 

 

caixiaolin@ucas.ac.cn 

 

Arsenic (As) is a highly toxic metalloid that adversely impacts human health globally. Under anoxic conditions, the 

interactions between As-bearing Fe-minerals and As(V)-reducing bacteria are known to cause As reduction and release. 

However, the impact of different types of organic matter (OM) on microbial As transformation remains unclear. In our 

study, we therefore exposed As-adsorbed Fe mineral-organic associations to typical Fe(III) and As(V)-reducing bacteria, 

and followed the fate of As in both solid and aqueous phases. Results show that polygalacturonic acid (PGA) and humic 

acid (HA) promoted the reductive dissolution of ferrihydrite (Fh), resulting in 0.7−1.6 and 0.8−1.9 times more As release 

than in OM-free Fh, respectively. Arsenic-XAS results showed that solid-phase arsenite fraction in Fh-PGA and Fh-HA 

was 15−19% and 27−28% higher than in pure Fh, respectively. The solid-associated arsenite fraction likely increased 

because PGA promoted cell growth and As(V)-reduction, while HA provided electron shuttling compounds for direct 

microbial As(V)-reduction.  

 Our research further explored the biogeochemical transformation of As in flooded soils and wetland flocs with 

contrasting OM contents. Arsenic-XAS and sequential As extraction results together show that all soil As fractions, 

including residual-As(V), can potentially be reduced, and solid-phase As(V) reduction was generally enhanced at higher 

OM content. In addition, microbial As reduction was strongly influenced by the particle size of flocs. After microbial 

reduction, 38-42% of As(V) was reduced to As(III) in small flocs (< 40 μm); while 63-69% of As(V) in large flocs (40-

250 μm) was reduced. This is because large flocs contain more soluble humic and fulvic acid, which promoted microbial 

As reduction and release through electron shuttling mechanism and complexation of As. Collectively, our findings 

demonstrate that in redox dynamic environments, the presence of different soil OM results in significant variation in 

As-mobilization and As-speciation, both of which are important to the biogeochemical cycling of soil As. 
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Regular Session 6: 84975 

 

Rhizosphere arsenic dynamics within alternate wetting and drying rice systems under future climate 

conditions 

 

Aria Duncan, Tianmei Wang and Scott Fendorf 

Stanford University 

 

ahamann@stanford.edu 

 

More than 50% of the global population consumes rice daily, and the demand for rice is increasing [1]. Unfortunately, 

many rice producing regions are affected by endemic arsenic (As) in soil and irrigation water. The combination of soil 

As and climate change have multiplicative negative effects on rice yield and grain quality, threatening food safety [2]. 

Alternate wetting and drying (AWD) irrigation management has the potential to simultaneously decrease As availability, 

water use, and methane production, without a yield penalty [3]. However, the combined impact of rising temperatures 

and atmospheric CO2 on AWD-induced rice paddy biogeochemistry and plant response remain unresolved.  Moreover, 

successful future implementation of AWD may require more frequent drainage of paddy soil to counteract increased 

microbial activity resulting in accelerated As(V)/Fe(III) reduction and methanogenesis. In a greenhouse rhizotron 

experiment using Californian soil, we tested AWD with drainage to ≈35% volumetric water content every 16 days under 

both current and future climatic conditions (38° C, 850 ppmv CO2) [4]. The drainage events decreased porewater As 10 

cm below the soil surface under both current and future climate conditions, largely due to the oxidative regeneration of 

Fe(III) (hydr)oxides which sequester As. However, 25 cm below the surface, the severity of drainage did not limit 

dissolved As, and higher temperatures exacerbated and accelerated As mobilization. Elevated temperatures and CO2 

also encouraged rapid root growth, resulting in deeper root penetration. These results reveal that drainage-induced 

oxidative conditions are the dominant control of plant-available As near the surface, but temperature becomes a more 

significant driver deeper in the paddy soil. Thus, while AWD may continue to be an effective As mitigation strategy, 

depth- and temperature-dependencies need to be considered. 

 

References:  

[1] USDA (2022), Production, Supply and Distribution database. 

[2] Muehe et al. (2019), Nature Communications 10, 1-10.    

[3] Carrijo et al. (2018), Field Crops Research 222, 101-110.  

[4] IPCC (2013), Contribution of Working Group I: The Physical Science Basis. 
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Regular Session 6: 85005 

 

The transfer and control of Cd in the soil-rice systems 

 

Peng Wang 

 

p.wang3@njau.edu.cn 

 

Soil contamination with cadmium (Cd) threatens food safety and human health. There are several reasons responsible 

for the widespread exceedance of the Cd limit in rice grains in some areas of southern China, including elevated inputs 

of Cd into soils, soil acidification, typical water management of paddy soils, and rice cultivars prone to accumulate 

elevated Cd in grain. The total Cd concentrations in soils are not worse in China than other regions of the world, but 

China soils have higher bioavailability; soil Cd bioavailability varies largely among different regions in China, with 

soils from Hunan Province being much higher than Guangxi and Guizhou. The grain filling is the key period for the 

accumulation of Cd in the rice grain, with 98% of the grain Cd from root uptake during this period. The remobilization 

of Cd during this period is controlled by the voltaic effect, free radical oxidation effect, and pH-dependent Fe oxide 

adsorption effect. Amendment of Zn and Mn fertilizers can suppress the oxidative dissolution of CdS during soil 

drainage through the voltaic effect. Raising soil pH can reduce the partitioning of Cd to soil solution, decreasing soil Cd 

solubility. Several key genes involved in Cd uptake, translocation, and sequestration in rice have been cloned. Allelic 

variations of some genes to some extent explain the variations of grain Cd in different cultivars. The accumulation of 

Cd in rice grain can be achieved through i) reducing the bioavailability of Cd in soils, ii) decreasing the 

uptake/translocation of Cd to the grain, and iii) removing the Cd from soils. Both use of low Cd rice cultivars and liming 

coupled with applications of Zn/Mn fertilizers are particularly effective and economical to produce safe rice in Cd-

contaminated soils. Rice cultivars with the ability of high Cd accumulation can be optimized as the purpose of 

phytoremediation to remove soil Cd. 
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Regular Session 6: 85013 

 

Can fire alter the speciation and bioavailability of Cr and other PTEs in soils polluted by organic 

amendments? 

 

Concetta Eliana Gattullo¹, Carlo Porfido¹, Ida Rascio¹, Ignazio Allegretta², Gerald Falkenberg³, Matteo Spagnuolo¹, 

Raphael Tiziani⁴, Tanja Mimmo⁴, Stefano Cesco⁴ and Roberto Terzano¹ 

¹ University of Bari Aldo Moro, Bari, ² University of Salento, Italy, ³ Deutsches Elektronen-Synchrotron DESY, 

Hamburg, Germany, ⁴ Free University of Bozen-Bolzano, Italy 

 

concettaeliana.gattullo@uniba.it 

 

One of the main causes of farmland pollution by chromium (Cr) and other potentially toxic elements (PTEs) is the use 

of tannery sludge-containing amendments. This agronomic practice generally is not considered environmentally 

hazardous since Cr occurs in these matrices as Cr(III), a stable and non-toxic form, additionally it is immobilized by 

organic matter (OM), which also prevents its oxidation to Cr(VI), a very dangerous form. These apparently safe 

conditions may become hazardous when extreme events, such as voluntary or accidental fires, happen. Fire, by reducing 

the soil OM stability, may favour the mobilization of OM-associated PTEs.   

In this study, we investigated the modifications induced by laboratory-simulated fires at 300, 400 and 500 °C on the 

distribution and speciation of Cr, Zn, Cu and Pb in a polluted agricultural soil. Such pollution resulted from the long-

term amendment with tannery sludge-containing compost. A combination of conventional chemical analyses and X-ray 

analyses, including synchrotron X-ray analyses (XAS and µ-XANES), were performed to assess the PTEs distribution 

and speciation in soil. The effect of soil heating on PTEs bioavailability to durum wheat plants (Triticum durum Desf.) 

was also assessed using RHIZOtest bioassays.  

Soil heating significantly modified the soil chemical properties and enhanced Cr mobility, whereas no variation or even 

a further stabilization was observed for Pb, Cu and Zn. Increasing heating temperatures promoted a decrease of Cr-OM 

associations in favour of Cr-iron (hydr)oxides interactions and CaCrO4 formation. Chromium uptake by plants was 

considerably enhanced in heated soils, although only a minor fraction was translocated to shoots. Conversely, no risk of 

phyto-accumulation of Zn, Pb, and Cu occurred. Experimental evidences induced to hypothesize that Cr was taken up 

as Cr(VI). This study proved that fire can increase the mobility and bioavailability of Cr in organically amended soils, 

with dangerous consequences for crops and human health.  
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Regular Session 6: 85164 

 

Evaluation of the metal pollution rate in Europe by using LUCAS topsoil database 

 

Felipe Yunta, Elise Van Eynde, Panos Panagos, Piotr Wojda and Arwyn Jones 

European Commision Joint Research Centre (JRC) 

 

felipe.yunta-mezquita@ec.europa.eu 

 

High metal concentrations in soils negatively affect ecosystem services and human health. It has been estimated that 

there are around 2.8 million potentially contaminated sites EU 28. The spatial distribution of individual heavy metals in 

soils has been already reported, but a comprehensive and evaluation of overall metal distribution based on total soil 

metal concentrations in Europe is still lacking. Therefore, we analyzed the pseudo-total concentrations of heavy metals 

(As, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn) in soil samples from the Land Use and Coverage Area frame (LUCAS) 2009 

topsoil database. Integrated pollution indices such as Background Enrichment Factor (PIN), Pollution Load Index (PLI), 

Probability of Toxicity Indices (MERMQ and MELMQ), Nemerow Pollution Index (PINemerow), degree of 

Contamination (Cdeg and mCdeg) and Potential Ecological Risk (RI) were calculated based on the soil metal 

concentrations. Sampling points with overall low metal concentrations were spatially identified by combining the lowest 

and the highest categories from all pollution indices respectively. Next, these classified points were used to find the 

discriminant soil properties (i.e. coarse, sand, silt, clay, SOC, pH-water, pH-CaCl2, lime content, K, CEC, Fe, and Mn 

and metal concentrations) in predictive way based on one-factor ANOVA analysis. Principal component analysis was 

carried out to analyze the potential correlations between the different pollution indices. Our analysis show that soils with 

overall lower metal concentrations have a lower content in coarse fragments, clay and silt content than those soils with 

high metal concentrations. Conversely, soils with high metal concentrations have higher CEC, and higher Fe, Mg, Mn 

and lime content. The indices could be considered as a useful tool for the quantification of the overall spatial distribution 

of metals in soils, for the degree of contamination in soils, and for policy makers in the assessment and monitoring of 

soil health. 
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Regular Session 6: 85254 

 

The mobility of cadmium and uranium in undisturbed agricultural soils is affected by colloidal 

transport: a comparison among different solution extraction methods 

 

Benoit Bergen and Erik Edward Smolders 

KU Leuven 

 

benoit.bergen@outlook.com 

 

Accurate measurements of mobile cadmium (Cd) and uranium (U) in soils are necessary to calculate relevant limits for 

these trace elements in mineral P-fertilizers. However, the actual concentrations of these elements in the mobile water 

vary widely with different soil solution extraction methods. In this study, column leaching experiments with porous (1 

µm) suction plates were performed with unsaturated and undisturbed soil columns from three Swiss agricultural soils. 

Leachates were collected for 36 days (0.6 pore volumes; ~1.6 mm day-1) to approximate standard in-situ methods such 

as rhizon samplers and porous suction cups. New on our approach is that an aqua regia digestion of the porous plates 

was included to account for the colloids retained in the plate. Of the total mobile mass (sum leachate and plate), 18±5% 

(Cd) and 89±4% (U) was retained in the porous plates of the columns from location 1 (sandy; pH 5.1); 54±24% (Cd) 

and 87±3% (U) for location 2 (clay; pH 5.8); 53±26% (Cd) and 8±3% (U) for location 3 (calcareous silt; pH 7.3). This 

indicates that standard in-situ methods can substantially underestimate mobile U and Cd. Additionally, a CaCl2 

extraction and pore water extraction through centrifugation was performed on each column at the start (field fresh soil) 

and end of the experiment. The CaCl2 extraction consistently underestimated mobile U, probably due to colloid 

coagulation, while mobile Cd was overestimated due to the formation of highly soluble Cd-Cl complexes. Results from 

the pore water extraction were generally more consistent with the total mobile mass measured in the leaching 

experiment. Current empirical models to predict mobile Cd are based on data from stored, dried and rewetted soil. 

Strikingly, the mobile Cd predicted by those soil chemical models largely overestimated the observed mobile Cd in all 

columns. 
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Regular Session 6: 85284 

 

Colloids controlled and regulated migration and fractionation of rare earth elements in aqueous 

systems of South China: evidence from asymmetrical flow field-flow fractionation (AF4) and 

ultrafiltration 

 

Xiaorui Liu¹, Wenshen Liu¹, Miaoyue Zhang¹, Yetao Tang¹, Shizhong Wang¹ and Rongliang Qiu² 

¹ Sun Yat-sen University, Guangzhou, China, ² South China Agricultural University, Guangzhou, China 

 

linqingqi@scau.edu.cn 

 

Rare earth element (REE) contamination of aqueous system, particularly groundwater, in ion-adsorption REE deposits 

was often overlooked, moreover the classification of aqueous phases smaller than 0.22 μm or 0.45 μm as dissolved 

speciation ignored the environmental risk of colloids. Ultrafiltration and asymmetric flow field-flow fractionation 

coupled with inductively coupled plasma mass spectrometry allowed characterization the size and composition of REE 

in leachate, groundwater and surface water from mining catchments and determination of REE spatial distribution. REE 

in groundwater was dominated (37%–79%) by organic matter-inorganic minerals (Fe, Mn and Al (hydro)oxides and 

clay minerals) in fine colloids (100 KDa–220 nm), which increased in size and organic matter from upstream to 

downstream; while leachate (79%) and upstream surface water (86%–97%) were dominated by dissolved REE (less 

than 1 KDa), and the downstream surface water REE (50%–93%) was dominated by inorganic mineral-rich coarse 

colloids and acid-soluble particles (ASPs, greater than 220 nm). REE patterns in groundwater and surface water were 

respectively regulated by pH-influenced REE colloidal compositions and mining activities. Our study suggests that the 

rare earth elements, which were originally thought to be difficult to migrate due to their strong adsorption by soil in ion-

adsorbed REE mining areas in southern China, may take potential environmental risks as small size (100 KDa-220 nm), 

organic-rich, and long-distance migratory colloid species. 
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Regular Session 6: 85316 

 

DGT imaging with Laser Ablation Time Of Flight-ICP-MS to reveal the distribution of fertilizer-

derived uranium in the fertosphere 

 

Claudia Moens¹, Justin Payne², Susie Ritch², Casey Doolette² and Enzo Lombi 

¹ KU Leuven, ² University of South Australia 

 

claudia.moens@kuleuven.be 

 

Mineral phosphorus (P) fertilizers often contain trace contaminants, such as uranium (U). Hence, the enrichment of soil 

with U is a concern for long-term application of P fertilizers, and the availability of U needs to be addressed. To quantify 

the P availability from P fertilizers in soils, various methods have been developed based on the in-situ 

visualization/measurement of P diffusion around the fertilizer using DGT or specific P extraction methods. These 

approaches allow to evaluate the efficiency of various P fertilizers and application strategies in different soils. 

Interestingly, by combining the DGT method with high-spatial resolution measurement with laser-ablation (LA) ICP-

MS, it could be possible to not only assess P diffusion, but simultaneously also that of fertilizer-derived U. Therefore, 

this study was set up to assess the flux of U in the fertosphere of a mineral P fertilizer using DGT with LA coupled with 

Time Of Flight (TOF)-ICP-MS. The high speed detection of TOF-ICP-MS allows for rapid imaging and simultaneous 

detection of complete mass spectra. 

The experimental setup consisted of a fertilizer-soil incubation test with commercial ammonium polyphosphate 

fertilizer. After 28 days, the DGT, containing a Metsorb®-based binding layer, was applied on the soil and the element 

composition was analyzed with LA-TOF-ICP-MS. 

Two contrasting soils, a calcareous and an slightly acidic clay soil, where chosen because of an anticipated effect of soil 

pH on P and U availability. We hypothesize that in an calcareous soil, P diffusion is limited due to formation of poorly-

soluble calcium phosphates, while U might be soluble in the form of uranyl carbonate complexes. A slightly acidic low-

oxide soil, however, might allow more P diffusion. Preliminary results from the calcareous soil confirm detectable U on 

the DGT binding layer and a U distribution that coincides with P. This study will demonstrate the capabilities of DGT 

imaging with LA-TOF-ICP-MS to derive the soluble P and U distribution, and possibly other fertilizer derived trace 

elements, in the fertosphere. 
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Regular Session 6: 99695 

 

Iron solid-phase differentiation controls isotopic fractionation during silicate weathering 

 

Meng Qi¹, Ting Gao¹, Zhengrong Wang², Yuhui Liu³, Yafei Xia³, Changshun Song⁴, Yizhang Liu³ and Chengshuai Liu³ 

¹ Chinese Academy of Sciences, ² The City College of New York, ³ Institute of Geochemistry, Chinese Academy of 

Sciences, ⁴ Guizhou Education University 

 

qimeng@mail.gyig.ac.cn 

 

Silicate-derived soils are important iron (Fe) reservoirs impacting the biogeochemical cycle of Fe at Earth’s surface, 

and Fe oxides are critical Fe-host minerals in silicate-derived soils that affect the geochemical behavior of Fe. Whether 

and how the differentiation of Fe minerals controls Fe isotope fractionation during silicate weathering, however, remains 

less. In this study, the mineralogy, element concentrations, sequential extraction, and Fe isotope compositions are 

reported for three silicate weathering profiles in temperate (Beijing) and tropical (Guangdong and Hainan) zones, China, 

to investigate the role of Fe solid-phase differentiation in controlling Fe isotope fractionation during silicate weathering. 

57Fe Mössbauer spectroscopy at 13 K and 295 K are conducted to quantitatively identify the solid-phase Fe, including 

FeIII-(oxy)hydroxides, FeIII-oxides, and organic/silicate-bound FeIII. The results from soils in Hainan profile show that 

δ56Fe values (0.01‰ to 0.29‰) display zigzag variations and are linearly correlated with the amount of Fe present in 

hematite and goethite. The variation in δ56Fe value is likely caused by the atomic distribution of Fe in hematite and 

goethite, with heavy Fe preferentially incorporated into hematite rather than goethite. Based on the linear regression 

analysis, we calculated the apparent Fe isotope fractionation factor between hematite and goethite as 0.99 ± 0.18‰ 

(SD). In contrast, the variations of δ56Fe values in soils of Guangdong and Beijing profiles are limited and are not 

linearly correlated with the amount of Fe present in Fe solid-phases. The Mössbauer and extraction results reveal that 

the Fe isotope fractionation in soils of Beijing profile is likely controlled by the primary minerals and short ranged order 

Fe minerals but it in Guangdong profile is probably induced through the Fe oxides. A comparison of published Fe 

isotope data shows that the variation in δ56Fe value of silicate-derived soils and rivers may have a potential link with 

climatic factor (mostly temperature). Our study highlights the importance of Fe-mineral differentiation in controlling 

Fe isotope fractionation during silicate weathering. 

 
 
 
 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  Bergische University of Wuppertal, Germany 
160



 

 

Regular Session 7: 82998 

 

Transcriptomic mechanisms of reduced PM2.5-Pb retention in the leaves of the low-Pb-accumulation 

genotype of Chinese cabbage 

 

Peipei Gao¹ and Wenju Liu 

¹ Hebei Agricultural University 

 

15733202835@163.com 

 

Lead (Pb) is one of the most abundant and hazardous heavy metals for living organisms. The Pb concentration in PM2.5-

Pb is quite high and atmospheric Pb is excessive input to agroecosystems. The Pb accumulation from PM2.5 in 

vegetables has been a concern because of its harmful effects on human health. Chinese cabbage, one of the most popular 

leaf vegetables worldwide, has a large cultivated area in North China during seasons with heavy haze. Our previous 

study illustrated that PM2.5-Pb contributed 80%–100% to Pb accumulation in edible leaves of Chinese cabbage, and 

provided evidence that both stomata and trichomes regulated foliar uptake of Pb from PM2.5 and penetration of Pb into 

the cellular space of leaves through the methods of NanoSIMS and Leadmium™ Green AM. However, it is not unclear 

that the underlying transcriptomic mechanisms of foliar uptake of Pb from PM2.5 between Low-Pb-Accumulation 

(LPA) and High-Pb-Accumulation (HPA) genotypes of Chinese cabbage. This study reveals that Pb from PM2.5 was 

mainly retained in the foliar apoplast of LPA leaves. LPA could resist Pb influx into the cytoplasm because of the higher 

content of polysaccharides from pectin, HC1, HC2, and cellulose in cell wall. Additionally, PM2.5-Pb stress potentially 

stimulated cell wall biosynthesis and influenced the differences of Pb accumulation in LPA and HPA leaves. 

Comprehensive RNA-Seq analysis of Chinese cabbage leaves identified 12 differentially expressed genes associated 

with cell wall biosynthesis, which mainly encoded XTH and PME proteins, such as PME2 which was found to be 

differentially regulated in the two genotypes in response to PM2.5-Pb stress. Meanwhile, there were some transporters, 

including cation/Ca2+ exchangers (CCX), plant cyclic nucleotide-gated channels (CNGCs), heavy metal-associated 

isoprenylated plant proteins (HIPPs), and ATP binding cassette transporters (ABC transporters), involved in transporting 

metal ions, which played irreplaceable roles in response to PM2.5-Pb stress in Chinese cabbage leaves. These findings 

provide new insights into the molecular mechanisms of foliar Pb uptake from atmospheric deposition. 
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Regular Session 7: 83976 

 

Chemical status of zinc in plant phytoliths: impact of burning and (paleo)environmental implications 

 

Geraldine Sarret¹, Eva Schreck², Nathaniel Findling, Damien Daval¹, Jérôme Viers², Gauthier Delplace² and Oleg 

Pokrovsky² 

¹ Université Grenoble Alpes, ² Géosciences Environnement Toulouse (GET) 

 

geraldine.sarret@univ-grenoble-alpes.fr 

 

Phytoliths are microscopic structures made of amorphous opal (opal-A), an amorphous hydrated silica, dispersed within 

plant tissues and persisting after the decay of the plant. Silicon is known to alleviate metal toxicity in plants, but the role 

of phytoliths in metal sequestration and detoxification is unclear. Dry ashing, the most common protocol for phytolith 

extraction, was previously shown to lead to sequestration of metals by the phytoliths; however, the mechanisms of this 

process remained elusive. The purpose of this study was to evaluate whether the association between metals and 

phytoliths results from dry ashing or pre-exists in plant tissues. We compared phytoliths extracted by dry ashing at 

700°C and plant leaves before and after dry ashing. A combination of ICP-MS, XRD, SEM-EDX and Zn-K-edge 

EXAFS spectroscopy was used to assess elemental concentrations, morphology and crystallography of silica, and 

chemical status of Zn. Results demonstrated a phase transition from amorphous opal (opal-A) to opal-CT and -

cristobalite, and the sequestration of metal in phytoliths during dry ashing. For Zn, Mn and Pb, a linear relationship was 

found between the concentration in phytoliths and in leaves. In the phytoliths, Zn was sequestered in silica in tetrahedral 

configuration. We hypothesize that this association results form a solid-state reaction during ashing, involving a 

redistribution of Zn from the organic material to the silica, possibly promoted by the release of structural water from 

amorphous opal throughout the heating procedure. This study improves our understanding of the impact of high 

temperature treatments on plant biomass and phytoliths. It suggests that Zn toxicity alleviation in plants by silicon does 

not rely on its sequestration by phytoliths. In natural settings, wild fire events and biomass burning may lead to metal 

sequestration in low-soluble form, which should be considered in modeling of biogeochemical cycles and in 

paleoenvironmental studies. 
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Regular Session 7: 83979 

 

A contaminated industrial wasteland is transformed into a living-lab experimental site, based on a 

phytomanagement approach 

 

Michel Chalot¹, Jordan Collot², Coralie Bertheau², Philippe Binet², Lisa Ciadamidaro², Guillaume Bertrand², Annette 

de Vaufleury², Benjamin Pauget³, Nicolas Kieffer⁴, Cathy Kuhn⁴ and Lisa Ciadamidaro⁵ 

¹ Université Franche Comté, ² Université Franche-Comté, ³ TESORA, ⁴ Pays de Montbéliard Agglomération, 

⁵ Université de Bourgogne Franche-Comté 

 

lisa.ciadamidaro@univ-fcomte.fr 

 

The main goal of the ECOPOLIS project is the restoration by phytomanagement of the industrial wasteland of Vieux-

Charmont (Doubs, France), located in an urban area and contaminated by metallic trace elements (MTE) and 

hydrocarbons. With the collaboration of different public and private partners, a living-lab is implemented on the area 

for research activities and communication with the public. This implementation is based on three specific objectives, 

(1) To spatially and quantitively characterize the contamination, as well as its mobility and its health and environmental 

impacts. This is done by monitoring plant, insect and micro-organism biodiversity on the site and measuring contaminant 

transfers into ground and surface water, vegetation and animals. (2) To test different management scenarios for the 

contaminants based on phytoremediation methods in accordance with the principles of the National Methodology for 

the Management of Polluted Sites and Soils and its associated standard (NF X31-620) and (3) To assess the potential 

reproducibility of the methods on similar industrial wasteland though the territory. 

The presentation will first highlight the overall project and living lab implementation based on a short (3 min) video. 

The second part of the presentation will focus of the data sets obtained within the period 2018-2022. The first set of data 

showed that the 3 MTE dominant on the site (Zn, Pb and Cd) have been shown to have potential toxic effect on human 

health, based on the exposure scenarios and bioaccessibility tests. A botanical survey led to the identification of some 

native plants that can accumulate Zn (> 2000 mg/kg DW) and Cd (> 15 mg/kg DW) in aerial parts. Some of these plants 

are further being studied for their phytoextraction potential, with the final aim to develop tools to reduce the available 

contents of these elements in soil and their toxicity. 
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Regular Session 7: 83996 

 

Iron and zinc partitioning, grain allocation and local chemical environment in proso millet (Panicum 

miliaceum L.) 

 

Paula Pongrac¹, Eva Müller¹, Marko Flajšman¹, Iztok Arčon², Mitja Kelemen³, Martin Šala⁴, Primož Vavpetič³, Primož 

Pelicon³, Darja Kocjan Ačko¹ and Katarina Vogel-Mikuš¹ 

¹ University of Ljubljana, Biotechnical Faculty, ² University of Nova Gorica, ³ Jožef Stefan Institute, ⁴ National 

Institute of Chemistry 

 

paula.pongrac@bf.uni-lj.si 

 

Millets are a botanically diverse group of small grain cereals whose agricultural importance is regionally-specific. Proso 

millet (also referred to as common and broomcorn millet) has historically been consumed in Central and Eastern Europe, 

where its remarkable drought tolerance accompanied by short growth season, minimal agronomic input requirement and 

nutritious grain are particularly valued. No information is available for iron (Fe) and zinc (Zn) concentration and their 

bioavailability in proso millet grain. In this study, a cultivar and six landraces proso millet from across Slovenia were 

grown in a pot experiment until grain maturity. Concentration of Fe and Zn was determined in root, shoot and grain 

using energy-dispersive-X-ray fluorescence. Tissue-specific allocation of Fe and Zn in grain was determined using 

micro-particle-induced X-ray emission. In grain embryo Fe and Zn local chemical environment was assessed using 

micro-X-ray absorption near edge spectroscopy. The bulk concentration (mg kg-1 dry weight) ranges in root, shoot and 

grain were, respectively: 102-617, 52.3-221 and 65.1-139 for Fe and 2.9-75.9, 13.6-65 and 24.3-60.1 for Zn. On average, 

there was smaller variability in grain Fe than in grain Zn. There was no significant difference in the bulk grain Fe 

concentration between the proso millets studied. By contrast, grain Zn concentration of landrace Odranci (with average 

32.4 ± 1.18) was significantly smaller than of cultivar Soncek (with average 40.7 ± 1.83), therefore they were selected 

for further in-depth analyses. Results from tissue-specific analysis confirmed the bulk differences in grain Zn 

concentration and a specific grain tissue, the scutellum, contributed most to those differences. In grain embryo, 71.3% 

of Fe was bound to phytate and the remaining 29.7% to non-phytate ligands (i.e. citrate), while Zn was bound to phytate 

(45.8%), cysteine (35.3%), histidine (15.7%) and citrate (3.22%). Differences in Fe and Zn localisation and ligands in 

the grain of the two studied proso millets will be discussed and compared to other (pseudo)cereals in terms of Fe and 

Zn bioavailability. 
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Regular Session 7: 84109 

 

Assessment of soil-to plant (acorn-tree, Quercus ilex) transference of potentially toxic elements in an 

area affected by mining activities of these elements. 

 

Jose Ignacio Barquero¹, Sofía Rivera¹, M. Mercedes Madrid¹, Jose M. Esbrí², Saturnino Lorenzo¹, Ana Cristina 

González-Valoys³ and Pablo Higueras¹ 

¹ Universidad de Castilla-La Mancha, Spain; ² Universidad Complutense de Madrid; ³ Universidad Tecnológica de 

Panamá 

 

frehiwotsileshi19@gmail.com 

 

 

Acorn- tree (Quercus Ilex) is a woody plant widely distributed in South-central Spain. The Almadén mercury mining 

district, as well as the Valle de Alcudia-San Quintín Pb-Zn mining district and the Guadalmez-Almuradiel Sb district, 

are located also in this area, mostly in the Ciudad Real province, and are sources of a variety of potentially toxic elements 

(PTEs), including the indicated as well as As, Cd and related elements. 

From the geological point of view, the area is included in the South section of the Central Iberian Zone of the Iberian 

Variscan massif, characterized by the predominance of (meta)detritic rocks (mostly shales and quartzites) of 

Precambrian, Ordovician, Silurian and Devonian age, including minor presence of mafic volcanic and subvolcanic rocks 

in the Palaeozoic sequence. The regional soils are poorly developed, as conditioned by its characteristic semiarid climate.  

The present communication presents data on the soil to plant (Q. ilex) transference, including not only the PTEs, but all 

the ones analysed by means of X-Ray fluorescence by our team in the context of various research projects on this subject.  

The results indicate that this tree disposes of effective barrier mechanisms avoiding the uptake and bioaccumulation of 

most of the PTEs present in the regional soils in variable, including high to very high concentrations. On the other hand, 

mercury, as an element incorporated to the plant not by root's uptake, but by foliar uptake, accumulates in the leaves in 

relatively high concentrations, without producing any conspicuous toxic effect in the plant. 
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Regular Session 7: 84188 

 

Manganese speciation in Arabidopsis seeds controls the establishment of photosynthesis 

 

Eiri Heyno, Cynthia Gillet, Viviane Mary, Anja Krieger Liszkay, Sun Un and Sébastien Thomine 

Université Paris Saclay / CEA / CNRS 

 

sebastien.thomine@i2bc.paris-saclay.fr 

 

Manganese (Mn) is an essential micronutrient. In photosynthetic organisms, it has a peculiar role as a component of the 

cluster that catalyzes water oxidation to oxygen in photosystem II (PS II). After germination, seedlings rapidly initiate 

active photosynthesis. Previous studies showed that, in seeds of Arabidopsis thaliana, Mn is concentrated in the vacuoles 

of sub-epidermal cells at the abaxial side of cotyledons (Kim et al., 2006 Science 314, 1295–1298, Mary et al., 2015 

Plant Physiol. 169, 748–759). High Field Electron Paramagnetic Resonance (HF-EPR) and Electron Nuclear Double 

Resonance (ENDOR) studies of whole seeds demonstrated that the fraction of Mn associated to phosphate distributes 

in two pools: one associated to phytate (inositol hexaphosphate) at acidic pH, corresponding to the environment in the 

vacuoles, and another one associated to polyphosphate at neutral pH (Bruch et al., 2015 Metallomics 7, 136–144). 

Here, we investigated the localization and speciation of Mn in nramp3 nramp4 mutant seeds and the consequences on 

the initiation of photosynthesis. AtNRAMP3 and AtNRAMP4 are transporters responsible for the export of Fe and Mn 

from the vacuole. The total amount of Mn and its cellular and subcellular localizations in seeds were unaffected in the 

mutant. In contrast, ENDOR spectroscopy revealed that a higher fraction of Mn is associated to phosphate in the mutant 

compared to the wild-type. This suggests that the fraction associated to phytate, which is poorly available, is higher in 

nramp3 nramp4 mutants. We then tested whether this change in Mn speciation affects the initiation of photosynthesis 

during seedling growth. When the seeds were germinated on medium with sufficient Mn supply, PS II maximum 

quantum yield remained optimal during growth irrespective of the genotype. In contrast, under limiting Mn supply, this 

parameter decreased faster in nramp3 nramp4 mutants than in wild type. Our results suggest that proper Mn speciation 

in seeds is important for the establishment of photo-auxotrophy in young seedlings. 
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Regular Session 7: 84375 

 

Fluxes of the lesser-studied trace elements in the soil - plant system 

 

Hayley Jensen¹, Niklas Lehto², Peter Almond, Gaw Sally¹ and Brett Robinson¹ 

¹ University of Cantebury, ² Lincoln University 

 

brett.robinson@canterbury.ac.nz 

 

Technological development has resulted in the increased use of trace elements that have received scant scientific 

attention as environmental contaminants. These Emerging Trace Element Contaminants (ETECs) include (in order of 

atomic number) beryllium (Be), gallium (Ga), indium (In), tellurium (Te), lanthanum (La), cerium (Ce), neodymium 

(Nd), gadolinium (Gd), and bismuth (Bi).  The fluxes of ETECs from soils to plants determine how these elements may 

affect humans and ecosystems. We aimed to quantify the comparative behaviour of the ETECs in the soil-plant system, 

and determine the factors affecting their mobility. The ETECs were compared to cadmium (Cd), a well-studied relatively 

mobile contaminant, as well as other common elements. When the capacity of the ETECs and Cd to sorb to soil was 

measured in spiked soil, solid-solution distribution coefficients (KD) increased: 

Cd<Be<In<La<Ce<Nd<Gd<Ga<<Bi≅Te. Plant uptake was determined using experiments with perennial ryegrass 

(Lolium perenne) in pot trials. Bioaccumulation coefficients (BACs) increased in the order Ce<In<NdGd<La Be Ga<Cd. 

For elements with atomic numbers 13 (Al) – 49 (In), there was a significant negative correlation between their respective 

KD values and the Me-O bond length in the hydrated ions. Therefore, Me-O bond length could be used to calculate KD 

of ETECs in uncontaminated soils. A similar negative correlation existed for the Rare Earth Elements. As KD was 

inversely proportional to BAC, the Me-O bond length could also indicate plant uptake. Due to their strong sorption to 

soil and limited leaching and plant uptake, the most likely exposure pathway for ETECs to enter humans is through the 

ingestion of contaminated soil, either directly or indirectly, for example as soil particles attached to plants that are 

consumed. Sites contaminated with ETECs should be managed to reduce soil mobility and minimise human contact 

with soil. 
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Regular Session 7: 84474 

 

Decreasing arsenic and cadmium in rice by soil amendments in differently textured soils 

 

Xu Fang¹, Andrea E. Colina Blanco², Iso Christl¹, Britta Planer-Friedrich², Fang-Jie Zhao³ and Ruben Kretzschmar¹ 

¹ ETH Zurich, ² University of Bayreuth, ³ Nanjing Agricultural University 

 

xu.fang@usys.ethz.ch 

 

Arsenic (As) and cadmium (Cd) are two major threats to safe rice production in many regions worldwide. Water 

management can minimize the rice accumulation of either As or Cd but not both simultaneously. Soil amendments 

combined with a suitable water regime may offer new possibilities. Limestone amendment is known to decrease rice Cd 

accumulation on acidic soils. A recent pot study showed that sulfate amendment under intermittent soil flooding 

efficiently decreased As in rice. Here, we report results of a pot experiment designed to study the unknown interactions 

of sulfate and limestone amendments under intermittent flooding for simultaneously decreasing As and Cd in rice on an 

acidic soil. We also investigated the performance of sulfate amendment under intermittent flooding on decreasing As in 

rice in acidic soils with different texture (sandy loam and clay loam). We found that sulfate reduction, As methylation, 

and As thiolation in porewater were enhanced by sulfate amendment but were strongly suppressed by liming. Liming 

also suppressed reductive Fe mobilization. The combined sulfate and limestone amendment simultaneously and 

effectively decreased inorganic As (iAs), dimethylarsenate (DMA), and Cd concentrations in rice grains on the acidic 

sandy loam soil. For the sulfate-amended acidic clay loam soil, we observed a slower sulfate reduction and a lesser 

decrease in grain iAs as well as a poorer soil aeration at soil matric potentials between -10 and -80 kPa. The decreased 

rice DMA concentrations by liming were related to the decreased concentrations of the undissociated DMA in porewater. 

Rice iAs concentrations among samples positively correlated with As loading on root iron-plaque which may be a 

dynamic iAs source for plant uptake. Rice Cd concentrations closely correlated with the adjusted soil extractable Cd 

which was defined by considering Mn competition to rice Cd uptake. Our results suggest that combining sulfate 

amendment, liming, and intermittent flooding may help to secure the quality and quantity of rice produced in As and 

Cd threatened areas. 

 
 
 
 
 
 
 

 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
168



 

 

Regular Session 7: 84517 

 

Adaptation of plant root exudates to a multi-contaminated soil in a context of phytoremediation 

 

Tristan Couraud¹, Michel Chalot², Yoann Boisson¹, Raphaël Tiziani³, Tanja Mimmo³, Philippe Binet¹ and Lisa 

Ciadamidaro¹ 

¹ Université de Franche-Comté - UMR 62 49 LCE, ² Université de Franche-Comté / Université de Lorraine, ³ Free 

University of Bolzano 

 

tristan.couraud@univ-fcomte.fr 

 

The impacts of anthropic activities on soil, especially contamination that are resulting, has many negative consequences 

on ecosystem functions. To evaluate the ecological consequences of soil degradation, it is crucial to improve our 

knowledges on soil biota interactions and the impacts of their relations with metal and organic contaminants. The 

management of contaminating wasteland with nature-based solution (NBS) to limit the environmental impact of 

contamination is becoming attractive. To improve the efficiency of these approaches, one of the key factors is the ability 

of species to adapt to the local edaphic conditions. Plants are producing a wide variety of chemicals that are released to 

the soil compartment to recruit beneficial microbes that are able to protect plant against stress caused by contamination. 

If the interactions between plants and microorganisms are described in soil with mono-contamination, few data are 

available in case of multi-contamination. The present study aims at identifying the variation in root exudate profiles of 

a plant species exposed to either trace elements (TE), or polycyclic aromatic hydrocarbons (PAH) or both. Our results 

highlighted significant variations in the production of some organic acids, such as isocitric acid that was released in TE-

contaminated soils at higher amounts as compared with PAH-contaminated soils, control or multi-contaminated soils. 

Moreover, fumaric and malic acid releases decreased in comparison to control under PAH exposure. These variations 

are linked to the modulation of rhizospheric enzymatic activities, especially protease and phosphatase. These results 

demonstrate the ability of plants to modulate their root exudation profile when exposed to multiple pollutants. The final 

outputs of this work will highlight the mains biological processes involved in the restoration of soil quality to improve 

the ecological parameters of contaminated soils. 
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Manganese chemistry and recycling in throughfall of European forest ecosystems 

 

Romain Duquenne, Louis André, Pierre Delmelle and Yannick Agnan 

Earth and Life Institute, Université Catholique de Louvain 

 

romain.duquenne@uclouvain.be 

 

Soil organic matter is controlled by chemical reactions involving manganese (Mn). In forest ecosystems, Mn 

biogeochemistry is largely related to vegetation recycling. In a balanced system, root absorption should be compensated 

by both litterfall (dead leaves falling to the soil) and throughfall (rain water that percolates through canopy). Quantifying 

and characterizing these fluxes allow a better understanding of Mn cycling in the soil-plant system considering the 

potential role of environmental variables, such as tree species, soil characteristics, or climate parameters. Chemical 

composition of throughfall samples is a key component to investigate the relationship between Mn and other chemicals 

(e.g., iron, dissolved organic carbon, and nitrates). In this context, we aimed at evaluating the influence of tree species 

on throughfall chemistry and Mn recycling in European forest ecosystems. For this purpose, we used the European ICP 

Forests database that consists in a large environmental data set in forest ecosystems (800 study sites), including periodic 

measurements (volume and chemical composition) of atmospheric deposition (bulk deposition and throughfall), 

litterfall, soil solution, etc. We considered throughfall measurements for the four main tree species (Fagus sylvatica, 

Quercus robur, Picea abies, and Pinus sylvestris), distributed in 170 sampling plots in 15 European countries from early 

1990's to 2018. Despite the high heterogeneity among data points, results showed an influence of tree species (mainly 

hardwood vs coniferous species). A principal component analysis (about 50% of the data variance with the first two 

components depending on the country considered) highlighted relationships between Mn and other metals (aluminum 

and iron) that can be associated with dissolved organic carbon. Also, inorganic nitrogen forms (nitrate and ammonium) 

were not related to Mn in throughfall samples. These results will be deepened by mapping average values of the first 

principal components to identify and model the environmental controlling factors. 
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Rare earth elements in agroecosystems: interest in the understanding of trace element transfer from 

soil to plant 

 

Yannick Agnan, Bryan Arbalestrie, Julie Falys, Marie Dedoyard and Nathan Bemelmans 

UCLouvain - Earth and Life Institute Belgium 

 

yannick.agnan@uclouvain.be 

 

Transfer of trace elements from soil to plant is a corner stone for risk assessment. Indeed, the accumulation of toxic 

elements or deficiency of essential ones may cause health issues for humans. Rare earth elements (REE), trace elements 

belonging to the lanthanide family, are frequently used as environmental tracers to understand biogeochemical processes 

in the soil–plant system. In this study, we combined trace element and REE measurements of samples from Belgian 

agroecosystems to evaluate the element transfer between different compartments. We compared the geochemical 

signatures, such as REE normalized patterns, in the soil–plant continuum, including soils, soil solutions, roots, and 

shoots. We specifically focused on soil solutions and soil water-extracts, two proxies of the bioavailable soil fraction to 

assess the geochemical relevance and representativeness of these intermediate compartments between soil and plant. 

Considering contrasted soils (e.g., uncontaminated vs contaminated, organic-rich vs organic-poor), we compared the 

environmental conditions that may control both trace element transfer by quantifying the REE indices (light REE/heavy 

REE, europium anomaly, and cerium anomaly). The main result showed dissimilar REE patterns between soil/plant 

samples and soil solution/soil water-extract samples, indicating that the intermediate compartments (i.e., soil solutions 

or soil water-extracts) do not chemically represent the bioavailable fraction of elements without obvious propensity to 

biological accumulation (unlike cadmium, copper, or zinc). Compared to light REE, heavy REE were more extractable 

and thus transferred to plants unlike what is observed in the literature. According to their different extractabilities, cerium 

and europium allowed to highlight distinct transfer from soil to plant due to possible adsorption or organic matter 

complexation that should be further confirmed by studying contrasted soils. 
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Regular Session 7: 84699 

 

Comparison of arsenic-related genes in multiple Pteris species: transcriptome analysis and implication 

for As hyperaccumulation 

 

Dan Sun¹, Xiang Zhang¹, Chunyan Hu², Yue Cao¹, YeTao Tang¹, Lena Q. Ma² and Rongliang Qiu¹ 

¹ Sun Yat-sen University, Guangzhou, China; ² Zhejiang University 

 

18660051523@163.com 

 

Soil contamination by arsenic (As) poses potential health risks to humans. As-hyperaccumulator P. vittata has been used 

in As-contaminated soils for phytoremediation. Clarifying the mechanisms of its As-hyperaccumulation is critical to 

enhance its efficiency in phytoremediation. Several key genes responsible for As-hyperaccumulation in P. vittata have 

been found, including uptake (phosphate transporter Pht1), reduction (arsenate reductase HAC), and translocation and 

compartmentalization (arsenite antiporter ACR3). Here, we constructed transcriptome databases of 5 Pteris species for 

the first time, including four As-hyperaccumulators P. vittata, P. cretica, P. aspericaulis, and P. multifida, and a non-

hyperaccumulator P. ensiformis. Based on homologous gene family analysis, we compared certain genes in these 5 

Pteris plants. Further, based on transcriptome analysis, concentration-dependent patterns of gene families were 

determined by comparing As-hyperaccumulator P. vittata and non-hyperaccumulator P. ensiformis after exposing to 20 

µM arsenate (AsV). Though As exposure induced expression of phosphate transporter Pht1;4 for AsV absorption in 

both plants, stronger AsV reduction, AsIII transport, and AsIII-GSH complexation was found in P. ensiformis roots. 

Notably, tonoplast-localized Type-II ACR3s are unique in four As-hyperaccumulators, with none being found in P. 

ensiformis. Further, more copies of AsV reductase HAC (2 in P. vittata vs. 1 in others) and ACR3 (5 in P. vittata vs. 12 

in others) proteins were found in P. vittata. The data suggest that ACR3-mediated AsIII sequestration into the frond 

vacuoles is probably an important evolution in As-hyperaccumulators. Efficient arsenic reduction-compartmentalization 

via HAC-ACR3 makes P. vittata the most-efficient plant in Pteris genus. This study reveals the critical molecular genes 

responsible for efficient As-hyperaccumulation in P. vittata, which can be used for phytoremediation of As-

contaminated sites. 
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Co-cultivation of the hyperaccumulators Sedum plumbizincicola and Noccaea caerulescens reveals 

competition in phytoextraction of zinc and cadmium 

 

Julien Jacquet¹, Elodie Lindauer, Antony van der Ent², Alexis Durand³, Emile Benizri³ and Catherine Sirguey³ 

¹ Laboratoire Sols et Environnement/Econick, ² Laboratory of Genetics, Wageningen University & Research, 

 ³ Université de Lorraine /INRAE / Laboratoire Sols et Environnement 

 

julien.jacquet@econick.fr 

 

Recently, intercropping systems have been extended to hyperaccumulating plant species to improve phytoextraction of 

trace metal elements (TME) for soil remediation purposes while maintaining agroecological practices. However, the 

effects of co-planting two hyperaccumulators together remain difficult to predict, especially from zinc (Zn) and 

cadmium (Cd) co-contaminated materials. In this study, we investigated in a 42-day mesocosm experiment, the effects 

of a novel co-cropping trial between two Zn and Cd hyperaccumulating plant species of different botanical families on 

Zn and Cd phytoextraction efficiency: Noccaea caerulescens (Nc) and Sedum plumbizincicola (S). Two populations of 

N. caerulescens originating from a non-metalliferous (NM, Luxemburg ecotype designated NcL) and a calamine (CAL, 

Ganges ecotype designated NcG) site were studied. In total, five treatments were tested: three monocultures (NcL, NcG 

and S) and two co-cultures (NcL-S and NcG-S). At harvest, we examined the responses of the above-ground and below-

ground parts of both species when co-cultivated. This work reveals different types of competition between these 

hyperaccumulators. Firstly, Zn phytoextraction efficiency of NcL-S co-culture decreased by more than 50% and 35% 

compared to S and NcL monocrops, respectively. This was mainly explained by competition effects regarding root Zn 

uptake reducing Zn accumulation in S shoots. Competition for uptake of major nutrients was also reported, limiting root 

and shoot biomass production of NcL population. Secondly, a significant decrease of almost 75% in Cd phytoextraction 

efficiency was noted in NcG mono-cropping compared to NcG-S co-cropping. This result was mainly due to a strong 

reduction in NcG aboveground biomass (65%) when co-cultivated with S. plumbizincicola. Interestingly, S. 

plumbizincicola did not accumulate Cd in shoots, unlike N. caerulescens which was able to (hyper)accumulate it. 

Nevertheless, NcG population was able to extract the same amount of Zn whether grown in monoculture or co-planted 

with S. plumbizincicola that opens interesting perspectives for in situ co-cropping trials. 
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Where I am – Chemical microscopy of Eu(III) in plants 

 

Max Klotzsche¹, Robin Steudtner¹, Björn Drobot¹ and Manja Vogel² 

¹ Helmholtz-Zentrum Dresden-Rossendorf (HZDR),  

² VKTA - Strahlenschutz, Analytik & Entsorgung Rossendorf e. V. 

 

m.klotzsche@hzdr.de 

 

Lanthanides (Ln) have become critical components of high technology products in science, industry and everyday life. 

However, their versatility causes an accumulation in the environment, thus posing a potential threat to human health. 

Therefore, a comprehensive understanding of the transfer and migration behavior, the resulting localization and 

molecular characterization of Ln in biological systems is crucial for a reasonable risk assessment and remediation 

strategies. 

Herein, we combined hydroponic bioassociation experiments with a microspectroscopic approach to develop a process 

understanding of the interaction of Eu(III), as a representative for trivalent Ln, with selected plant species. Plants were 

grown from seeds in hydroponic cultivation boxes in a phytochamber, supplied by a modified Hoagland nutrient 

medium. Bioassociation experiments were conducted with 200, 20 and 2 µM Eu(III) for 96 h. Analysis of Eu(III) 

concentration in the nutrient medium shows a stepwise bioassociation during the incubation period, whereas the 

speciation of the Eu(III) remaining in solution is subject to a plant-related change of its coordination environment, 

according to time-resolved Laser-induced fluorescence spectroscopy (TRLFS) results. Subsequent ashing of the 

individual plant parts and dissolution of the residue gave insight into the metal’s macroscopic distribution throughout 

the plant with roots being the major accumulation site for the metal. The utilization of Eu(III) as a luminescent probe 

(λexcitation=532 nm) for chemical microscopy additionally revealed the microscopic distribution of the Ln in roots, 

root cross sections and individual cells. In this regard, microspectroscopic mappings in combination with data 

deconvolution by iterative factor analysis further enabled the assignment of single component spectra to cellular Eu(III) 

binding motifs.  

The strong interaction of Eu(III) with plant cells and its occurrence in different cellular compartments emphasizes the 

necessity to develop a molecular process understanding and to determine the fate of Ln in nature. Further investigations 

pertaining to radionuclide transfer into the biosphere are subject to current research and will be elucidated in the near 

future. 
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Regular Session 7: 84880 

 

Limited contribution of foliar arsenic uptake on phytoaccumulations by scrubland plants in a former 

Mediterranean mining district 

 

Mickael Wagner, Camille Larue, Aude Calas, Eva Schreck, Magali Philippe, Philippe Behra, Jérôme Viers and Astrid 

Avellan 

 

mickael.wagner@get.omp.eu 

 

Plants are dynamic interfaces between atmosphere and hydro-pedosphere likely to drive Trace Element (TEs) fluxes 

among ecosystem compartments. Mining activities are sources of anthropogenic enrichment of natural environments in 

TEs, potentially toxic for organisms. Orbiel valley (Aude, France) was a former industrial site of extraction and 

treatment of TEs that stopped its activity in 2004. Yet, environmental arsenic (As) contamination persists in various 

sites, and exposes wild plants via their roots and leaves. 

The aim of the present work was to investigate phytoaccumulation of As by wild scrubland plants, and to study the 

contribution of foliar uptake. This investigation has been done through a 5-plot gradient of As concentration in various 

contaminated sites. Concentration of As (in rinsed leaves) was studied in holm oak (Quercus ilex), heather (Erica 

arborea), spartier (Spartium junceum) and a moss (Pseudoscleropodium purum). This phytoaccumulation was 

compared with (i) As soil contamination along with soil properties, (ii) foliarly-deposited As (rinsed-off using acidified 

water), (iii) plant physiological traits and stress biomarkers. 

The average As concentration in soils ranged from 120 to 720 mg/kg. Regarding As deposition on leaves, it was higher 

for moss (30-176 mg/kg) than for other species (1.8-30 mg/kg), similarly than for As overall phytoaccumulation (20-60 

mg/kg for moss, 0.2-0.9 mg/kg for others species). These levels of phytoaccumulation remain limited regarding previous 

investigations in the literature and did not seem to lead to oxidative stress. Arsenic phytoaccumulation depended on soil 

As bioavailability, mainly driven by soil pH. Yet, a positive correlation between foliarly-deposited As and As 

accumulated in leaves has been highlighted for moss and oak present on the site with the highest atmospheric As 

concentration. Although not formally demonstrated, this presumed As foliar uptake in natural environment presenting 

limited atmospheric contamination emphasizes the importance of studying the modalities and consequences of the 

interactions between particulate deposits and leaves.  
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Regular Session 7: 84893 

 

Nanoparticles’ journey following deposition on plant leaves; what is the role of hydrophobic 
interactions in foliar uptake and in planta translocation? 

 

Bruno P. Morais¹, Matheus Miranda², Diana Salvador de Sá², Sandra Rodrigues², Mickaël Wagner³, Sónia M. 

Rodrigues² and Astrid Avellan³ 

¹ Universidade de Aveiro and CICECO, ² Universidade de Aveiro and CESAM, ³ Geosciences Environnement 

Toulouse, GET, CNRS, University of Toulouse 

 

astrid.avellan@get.omp.eu 

 

Plant leaves represent a major surface for the deposition of atmospheric particles, whether accidental (by atmospheric 

contaminants) or intentional (for plant protection products for example). In particular, nanosized particles adhere more 

strongly and are more efficiently absorbed by plant leaves than their ionic or micro-sized counterparts. The ability of 

these deposited nanoparticles (NPs) to be absorbed and accumulate in plants will dictate their impacts (positive or 

negative) on exposed plants and on the associated ecosystem. Yet, the pathway by which inorganic particles enter leaves 

is a matter of debate. The common assumption is that particles can primarily enter leaves through their stomata, and that 

the cuticle, which covers most of the leaf surface, acts as a barrier that only ions, molecules, or very small particles (< 

2nm) can cross [1].  

Our studies challenge this assumption. In previous work, we identified hydrophobic interaction as a possible factor in 

plant cuticle uptake [2]. The present study aims to understand how the hydrophobicity of the nanoparticle surface 

influences adhesion and uptake by leaves. We hypothesized that the factors determining NP uptake could be the (i) 

hydrophobic properties of the NPs, (ii) leaf cuticle composition, and (iii) wettability of the leaf. In the present work, we 

therefore synthesized model 3nm gold nanoparticles with surfaces tuned for hydrophobicity and amphiphilicity. AuNPs 

with modulated surface properties were deposited on leaves of four model plants (basil, tomato, bell pepper, and corn) 

presenting a range of leaf surface free energies. NP adhesion, uptake, and translocation were then evaluated. The results 

highlight how physicochemical, physiological and morphological interactions influence NP adhesion, uptake and 

translocation. They also underline that a better understanding of cuticular uptake is one of the major knowledge gaps 

for predicting the behavior of (in)organic particles at the phylloplane. 

 

References:  

[1] Avellan etal, (2021) Environ.Sci.Technol. 55.20 (2021): 13417-13431.  

[2] Avellan et al, (2019) ACS nano 5:5291-5305.  
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Regular Session 7: 84935 

 

A comprehensive analysis of arsenic-containing lipids in Icelandic seaweeds 

 

Rebecca Sim 

 

rebecca@matis.is 

 

Macroalgae are known to accumulate high concentrations of potentially toxic elements many magnitudes higher than 

their surrounding environment. Arsenic in particular is thought to accumulate due to similarities between arsenate and 

phosphate, and once inside the cell can become incorportated into larger biological molecules such as riboses and lipids. 

Over 70 different arsenic-containing lipid species have been reported in marine organisms thus far including 

hydrocarbons, fatty acids and phospholipids – although their origins still remain largely unknown. Here, we report the 

lipid-soluble arsenic speciation in several samples of brown, red and green macroalgae collected in Iceland. 

Arsenophospholipids were found to comprise the majority of arsenolipids extracted from brown and red macroalgae. In 

the green seaweed species the dominant arsenolipid was found to be an arsenic-containing phytyl ribose only previously 

reported in unicellular algae. A combination of HPLC-ICP/ESI-MS and HPLC-qTOF-MS was used to identify and 

quantify the arsenic-containing lipids, and the significance this finding may have on current knowledge of arsenic 

metabolism in macroalgae is discussed. 
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Regular Session 7: 85289 

 

The mobility and translocation of zinc in wheat plants when applied to foliage as a novel 

nanoparticulate zinc oxide fertilizer 

 

Casey Doolette¹, Thea Read¹, Tom Cresswell², Nicholas Howell², Daryl Howard³, Peter Kopittke⁴ and Prof. Enzo 

Lombi¹ 

¹ University of South Australia, ² ANSTO , ³ ANSTO Australian Synchrotron, ⁴ The University of Queensland 

 

casey.doolette@unisa.edu.au 

 

Zinc (Zn) is an essential trace element for both plants and animals. However, it is estimated that nearly half of the 

world’s soils are unable to provide adequate zinc for plant growth. Therefore, agricultural crops grown in these soils are 

often Zn deficient, potentially leading to reduced crop yields and contributing to inadequate dietary intake of Zn for 

humans. To overcome these deficiencies, Zn fertilisers are commonly applied to agricultural crops and can also be 

applied directly to crop foliage to supplement soil applications. This latter approach, foliar Zn application, was the focus 

of our study. We investigated the adsorption, mobility, and translocation of novel Zn-oxide nanoparticulate and 

microparticulate foliar fertilisers using 65Zn radiolabelled formulations. We compared the efficacy of these formulations 

to conventional soluble and chelated fertilisers when applied to wheat using a combination of autoradiography, gamma 

spectroscopy, and synchrotron-based X-ray fluorescence microscopy techniques. Overall, while nanoparticulate Zn had 

the lowest total Zn adsorption of the tested formulations, it had the highest relative translocation within the plant. In 

addition, the autoradiography data suggest that when Zn is applied in nanoparticulate form, it can be taken up by the 

leaf as a mixture of dissolved Zn ions and Zn particles. Importantly, for both novel Zn formulations, the applied Zn was 

detected in wheat grain at plant maturity and had the same distribution pattern within the grain as ‘native’ Zn. 

Nanoparticulate Zn-oxide nanoparticles can provide advantages over conventional formulations, such as reduced leaf 

damaged (leaf scorch) and a sustained supply of Zn to the plant over the growing season, and, with further research may 

provide a cost-effective alternative to conventional formulations. 
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Regular Session 7: 85307 

 

Systemic mitigation of Vanadium toxicity in Chick pea by Sodium Nitroprusside and Strigolectone 

through modulation of cellular antioxidant defense mechanism and regulating gene expression 

 

Parvaiz Ahmad 

Government 

 

parvaizbot@yahoo.com 

 

Vanadium (V) is a significant heavy metal that is widely distributed in the Earth's crust, but little is known about how it 

affects plant growth and development. Sodium Nitroprusside (SNP) and Strigolectone (SL) are signalling molecules 

that plays a role in various physiological processes in plants, including response to stress, regulating ion homeostasis, 

and improving water uptake and utilization. Moreover, NPS and SL have been shown to regulate hormone signaling in 

plants and enhance the expression of stress-responsive genes, contributing to increased plant stress tolerance. The aim 

of the study was to investigate the impact of Sodium Nitroprusside (SNP) and Strigolectone (SL) on Chickpea under 

Vanadium (V) stress. The results showed that Vanadium treatment had a negative effect on growth, biomass production, 

photosynthesis, photosynthetic pigments, and gas exchange parameters in chick pea. The Vanadium-spiked Chickpea 

plants also had reduced activities of both enzymatic and non-enzymatic antioxidants, and increased levels of hydrogen 

peroxide (H2O2), electrolyte leakage (EL), malondialdehyde (MDA), proline and glycine betaine. Moreover, Vanadium 

toxicity increased the transcriptional expression of several antioxidant, stress related and metal translocator genes. 

Contrary to this the genes related to photosynthesis were down-regulated in chick pea plants under V stress. The 

application of SNP and SL improved growth and biomass, pigment contents, photosynthesis, and the antioxidant system. 

It also increased the levels of osmolytes like proline and glycine betaine, which help the plants maintain water balance 

under stress, and reduced Vanadium uptake. Moreover, Sodium Nitroprusside (SNP) and Strigolectone (SL) have been 

shown to alleviate Vanadium toxicity in chickpea by regulating cellular antioxidant defense mechanisms through 

transcriptional regulation. These findings suggest that SNP and SL can be potential agents for mitigating the negative 

effects of Vanadium toxicity in chickpea, and provide new insights into the role of transcriptional regulation in the 

protection against heavy metal toxicity. 
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Regular Session 7: 98767 

 

PdZIP8: A novel gene from European Alkali Grass (Puccinellia distans) for tolerance to salt and 

metal/metalloid stress 

 

Kubra Budak¹ and M. Aydin Akbudak² 

¹ Akdeniz University, ² Akdeniz University, Antalya, Turkiye 

 

akbudak@akdeniz.edu.tr 

 

ZIP (Zrt-, Irt-like protein) genes form a family of metal ion transporters that are responsible for the uptake of crucial 

metals such as zinc, iron and copper into cells. Research on ZIP genes in plants is essential not only because they play 

a vital role in metal homeostasis but also because disruptions in metal homeostasis can affect plant growth and 

development, as well as plant's ability to cope with environmental stress. Different ZIP genes play different roles in 

metal ion uptake and transport and tolerance of plants to metal toxicity. To date, several subfamilies of ZIP genes, 

specifically ZIP1-11, have been identified in plants. In our research, we employed a yeast cDNA expression library 

screening method to identify genes in European Alkali Grass (Puccinellia distans) that may allow the plant to tolerate 

various abiotic stresses. The yeast (Saccharomyces cerevisiae) transformants expressing different cDNAs were selected 

for their ability to survive under toxic selenium (10 mM Na2SeO3) and salinity (2.3 mM NaCl) conditions. Phylogenetic 

analyses revealed that the cDNAs isolated from resistant colonies exhibited over 85% sequence similarity with the 

predicted "Zinc Transporter 8-like" (ZIP8) genes of Triticum spp., Lolium spp., and Hordeum vulgare. Further 

bioinformatics analysis unveiled that the PdZIP8 protein, composed of 374 amino acids, is structured with eight 

transmembrane domains, and resides in the plasma membrane of the cell. It is thought that the results obtained will 

contribute to the development of varieties tolerant to salinity and metal/metalloid stress in breeding studies. 
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Regular Session 8: 83561 

 

Gut microbiota involve in the metabolism of organoarsenicals 

 

Xi Mei Xue, Hong-Bo Li, Xin-Wei Yu, Shi-Lin Hu and Yong-Guan Zhu 

 

xmxue@iue.ac.cn 

 

Edible seaweed consumption is an important route of human exposure to organoarsenicals including arsenosugars and 

arsenosugar phospholipids. However, little attention has been paid to the roles of gut microbiota in organoarsenical 

metabolism during the gastrointestinal digestion. To understand organoarsenical metabolism in the mammal gut and the 

interaction with gut microbiota. Two nori and two kelp samples with varying total arsenic concentrations were fed to 

normal mice and gut microbiota–disrupted mice by a broad-spectrum antibiotic cefoperazone for 4 weeks. The gut 

microbial community structure, total arsenic concentration and arsenic species in feces, urine and tissues (liver, kidney, 

intestine tissue, fat) were analyzed at the end of the exposure. Phosphate arsenosugar contributed to 71.8–84.7% of total 

arsenic in nori samples, while sulfonate arsenosugar was the predominant arsenic species in kelp (53.7–54.3%). 

Cefoperazone administration transformed mouse gut microbiota from the predominant phyla Firmicutes and 

Bacteroidota to Proteobacteria, leading to thriving of potential disease-related Escherichia-Shigella while killing many 

beneficial genera such as Bacteroides. Ingestion of nori and kelp samples also altered gut microbial community structure 

of normal mice; however, mice fed low and high arsenic nori or kelp samples were consistent in gut microbiota 

composition. Most phosphate arsenosugar in nori was transformed to arsenobetaine when passing through the 

gastrointestinal tract and excreted in feces, but most sulfonate arsenosugar in kelp was resistant to speciation changes 

and excreted in feces intactly. Compared to normal mice, higher proportions of arsenic accumulated in intestinal tissue, 

liver, and kidney and excreted in urine of gut microbiota–disrupted mice as undegraded arsenosugar phospholipids, 

phosphate arsenosugar, and/or sulfonate arsenosugar. Organoarsenicals had limited adverse effects on gut microbiota. 

Following ingested, phosphate arsenosugar in nori was more readily transformed in the gastrointestinal tract than 

sulfonate arsenosugar in kelp. Gut microbiota participated in the speciation transformation processes in the 

gastrointestinal tract and affected their metabolism in the body. 
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Regular Session 8: 83590 

 

Arsenic accumulation in extreme microorganism: Insights from microscaled analyses 

 

Yen-Lin Cho, Afifah Assakinah, Yu-Min Tzou and Yu-Ting Liu 

National Chung Hsing University 

 

yenlincho@gmail.com 

 

Cyanidiales are loaded with horizontal gene transfer (HGT) from extreme prokaryotes that allowed them to survive in 

extreme conditions and resist toxic metals [1]. Wherein, the specific arsenic methyltransferase genes have been 

discovered in Cyanidiales recently [2]. Here, we conducted the mechanism by investigating the distribution, speciation, 

and changed functional groups of arsenic (As) accumulation in Cyanidiales using microscaled analyses, including 

transmission X-ray microscopy (TXM), X-ray absorption spectroscopy (XAS), and Fourier-transform infrared 

spectroscopy (FTIR). To concisely summarize all analyses in this study, Cyanidiales mainly regulated three mechanisms 

for As accumulation: (1) a portion of As(III) was oxidized to As(V) by extracellular polymeric substances on 

Cyanidiales; (2) both As(III) and As(V) were complexed with polysaccharides on Cyanidiales; (3) As(III) was ingested 

and complexed with cysteine. The most worth finding was that cysteine as metal-binding ligands was enhanced by 

specific arsenic methyltransferase genes found in Cyanidiales, resulting in cysteines serving as a key pathway to promote 

the sorption capacity of As accumulation in Cyanidiales. This finding would promote Cyanidiales as sustainable 

materials for metal remediation, particularly in extreme conditions. 

 

References:  
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Regular Session 8: 83864 

 

Investigation of lithium responsive genes in two microbial models 

 

Nicolas Fierling, Pascale Bauda, Patrick Billard and Damien Blaudez 

 

nicolas.fierling@univ-lorraine.fr 

 

Lithium (Li) is a low abundant metal in the earth's crust but has physical and chemical properties that are coveted in 

many fields (energy, technology, medicine, etc.). The exponential demand and the low recycling rate lead to a significant 

release of this element into the environment. In order to improve our understanding of its impact on organisms, we 

examined the responses of two microbial models, Saccharomyces cerevisiae and Escherichia coli, to Li. First, the 

cellular response mechanisms of the eukaryotic model, S. cerevisiae, exposed to Li were studied. We developed a 

genome-wide deletomics approach of yeast cells exposed to toxic concentrations of Li. Different screenings of the 

Euroscarf knock-out mutant collection in the presence of different alkaline/alkaline earth metals were also performed to 

characterize Li-specific responses. 123 and 90 Li-sensitive and Li-resistant deletion mutants, respectively, were 

identified. Among these deletion mutants, only three and six were specifically found Li-sensitive and resistant, 

respectively. Our data highlighted the central role of transport systems in Li resistance and mechanisms regulating 

transcription as important targets/mechanisms for Li sensitivity and Li resistance, respectively. In addition, this study 

also highlighted the importance of the nonsense-mediated mRNA decay (NMD) pathway in the specific resistance of S. 

cerevisiae to Li. Conversely, the Spt-Ada-Gcn5 acetyltransferase (SAGA) complex seems to be specifically involved in 

Li toxicity. The same approach was carried out with the prokaryotic model E. coli using the Keio knock-out mutant 

collection, and results will be discussed into details. In conclusion, our data represent key findings for a better 

understanding of Li toxicity and tolerance in both prokaryotes and eukaryotes. 
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Combined omics approaches reveal distinct responses between light and heavy rare earth elements in 

Saccharomyces cerevisiae 

 

Damien Blaudez¹, Nicolas Grosjean², Jean Armengaud³, Michel Chalot⁴, Elisabeth M. Gross¹, Adam Schikora⁵ and 

Marie Le Jean¹ 

¹ Université de Lorraine, ² Joint Genome Institute, ³ CEA, ⁴ Université de Franche-Comté, ⁵ Julius Kühn Institute (JKI) 

 

damien.blaudez@univ-lorraine.fr 

 

Rare earth elements (REEs) are technology-critical elements and key elements in energetic transition, high technology, 

medicine, and technological military devices and are used as fertilizers and food supplements in agriculture. As 

emerging contaminants, their large production and utilization raise the question of their impact on the environment and 

human health. The absence of characterization of the underlying cellular and molecular mechanisms regarding their 

toxicity is a caveat in the apprehension of their environmental impacts. We performed transcriptomic, proteomic, 

genomic phenotyping and molecular physiology analyses of the model organism Saccharomyces cerevisiae to La (light 

REE) and Yb (heavy REE). The screening of a KO mutant library allowed us to uncover genes and pathways affecting 

REE resistance and toxicity. REE responses strongly differed from well-known transition metal and from common 

responses mediated by oxidative compounds. Shared response pathways to La and Yb exposure were associated to lipid 

metabolism, ion homeostasis, vesicular trafficking, and endocytosis, which represents a putative way of entry for REEs. 

Cell wall organization and related signalling pathways allowed for the discrimination of light and heavy REEs. Mutants 

in cell wall integrity-related proteins (e.g., Kre1p, Kre6p) or in the activation of secretory pathway and cell wall proteins 

(e.g., Kex2p, Kex1p) were resistant to Yb but sensitive to La. Our data also suggest that the relative proportions of chitin 

and phosphomannan could modulate the proportion of functional groups (phosphates and carboxylates) to which La and 

Yb could differentially bind. Finally, transcriptomic and shotgun proteomic analyses were performed on cells exposed 

to la and Yb at two exposure times. Differences were observed between the early and late responses to La and Yb. 

Several crucial pathways were modulated in response to both REEs, such as oxidative-reduction processes, DNA 

replication, and carbohydrate metabolism. REE-specific responses involving the cell wall and pheromone signalling 

pathways were identified. These works pave the way for future investigations to the better understanding of REE toxicity 

in higher eukaryotes. 
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S(-II) reactivates Cd2+-stressed Shewanella oneidensis via promoting low-molecular-weight thiols 

synthesis and stimulating antioxidant defense 

 

Chuling Guo 

 

clguo@scut.edu.cn 

 

Plant toxicity studies have showed that exogenous S(-II) application can effectively alleviate adverse effects of Cd stress, 

but whether S(-II) could mitigate bacterial Cd toxicity remains unclear. In this study, Shewanella oneidensis MR-1, a 

representative bacterial strain for its capability to respire diverse electron acceptors such as oxygen, nitrate, sulfur 

compounds, metals, and organics, was chosen. S(-II) was then applied exogenously to Cd-stressed Shewanella 

oneidensis MR-1. Results showed that S(-II) can significantly alleviate impaired physiological processes, including 

growth arrest and enzymatic Fe(III) reduction inhibition. The efficacy of S(-II) treatment was negatively correlated with 

the concentration and time length of Cd exposure.  S(-II) restored the Fe(III)-reducing ability of S. oneidensis by 

preventing Cd2+-induced cell damage in S. oneidensis, reactivating LMW thiols biosynthesis and alleviating oxidative 

stress imposed by Cd2+:  Energy-dispersive X-ray (EDX) analysis verified the presence of cadmium sulfide inside cells 

treated with S(-II). Both compared proteomic analysis and RT-qPCR further showed that enzymes associated with 

sulfate transport, sulfur assimilation, methionine, and glutathione biosynthesis were up-regulated in both mRNA and 

protein levels after the treatment, indicating S(-II) may induce the biosynthesis of functional low-molecular-weight 

(LMW) thiols to counteract Cd toxicity. Meanwhile, the antioxidant enzymes were positively modulated by S(-II) and 

thus the activity of intracellular reactive oxygen species was attenuated. The study demonstrated that exogenous S(-II) 

can effectively alleviate Cd stress on S. oneidensis via inducing intracellular trapping mechanisms and modulating 

cellular redox status. Our study is consistent with the observations for metal-stressed plants, suggesting that the S(-II) 

treatment may function as a universal signaling molecule to alleviate the toxic effects of heavy metals on organisms in 

different kingdoms. The S(-II) treatment is expected to effectively restore the ecological fitness decline of 

microorganisms due to heavy metal pollution. 
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Main drivers of microbial communities in metal-contaminated soils phytomanaged by a woody cover 

are soil properties and tree species 
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Environment Centre, ³ Université de Lorraine, ⁴ Université de Franche-Comté / Université de Lorraine 

 

stephane.pfendler@univ-fcomte.fr 

 

Understanding plant-microbial interactions is essential in the process of revegetating marginal lands. The structures of 

the rhizospheric bacterial and fungal communities of 14 woody families growing in three contaminated environments 

(Pb, Cd, Zn, Mn, Fe and S) were characterized using high throughput sequencing. In this study, local plant varieties 

were chosen for their growth and adaptation. Among the 38 tree species, three were planted on all the three studied soils 

that differ in composition and structure, namely Carrières-sous-Poissy, Leforest and Thann, and their microbial 

communities were compared. The rhizospheric bacterial communities for a given site showed no significant difference 

between the various woody species, but differed greatly between sites. The Proteobacteria phylum was dominant with 

more than 25% of the relative abundance overall, followed by the Actinobacteria, Bacteroïdetes, Gemmatimonadetes.  

In contrast to the bacteria, fungal communities exhibited contrasting patterns between the sites and the tree species. The 

Betulaceae, Salicaceae and Fagaceae families gathered a great proportion of Basidiomycota, especially ectomycorrhiza, 

and the lowest diversity and richness. The other tree families (e.g. Platanaceae, Juglandaceae, Ulmaceae), as well as the 

unplanted soil, have more abundant Ascomycota and Mucoromycota communities. This study also emphazised that 

trees select different bacterial and fungal communities depending on the site they were planted. The trees are thus able 

to select their microbial communities depending the environmental parameters. These results highlighted that the woody 

species have selected their fungal communities. These findings may have important implications for the successfully 

revegetation of marginal lands using microbial-based approaches. 
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The overlooked unchelated iron in global surface oceans: relationships with its bioavailability and 

limitation of eukaryotic phytoplankton 

 

Martha Gledhill¹, Fengjie Liu² and Qiong Zhang³ 
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University of Science and Technology 

 

fengjie.liu2@liverpool.ac.uk 

 

The availability of iron to phytoplankton is tightly linked to their growth and the ocean cycles of carbon and nitrogen. 

Unchelated iron Fe(III)´ is a good proxy for Fe availability to model eukaryotic species in artificial seawater. However, 

it was generally believed that the concentration of Fe(III)’ in vast surface oceans is too low to be important for 

phytoplankton nutrition. Using a recently developed approach based on the intrinsic acid-base properties of marine 

dissolved organic matter (DOM) that accounts for its heterogeneity, we combine datasets of global in situ seawater 

chemistry including pH, temperature, salinity, dissolved Fe and dissolved organic carbon, to estimate the Fe(III)´ 

concentration in surface oceans. The DOM heterogeneity results in an 8 orders of magnitude range of Fe(III)´. We find 

the cellular Fe quota of natural eukaryotic phytoplankton from major ocean regions can be predicted by ambient seawater 

Fe(III)´, except under strongly Fe limiting conditions. Based upon our estimated Fe(III)´ concentration in surface oceans 

and laboratory observed growth response of 29 diatom species to Fe(III)´, the predicted Fe limitation is highly consistent 

with globally in situ nutrient addition bioassays and generally agrees with the relative abundance and expression of 

genes associated with Fe starvation–induced proteins in diatoms from the Tara Oceans dataset. This study highlights the 

importance of accounting the heterogeneity of marine DOM binding sites when determining Fe(III)´ and resolves 

inconsistencies in our understanding of Fe speciation and bioavailability, which will in turn improve predictions in 

marine primary productivity and biological carbon fixation. 
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Toxicity, cellular response, bioavailability and uptake mechanisms of Co(II) and Ni(II) in Paramecium 
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Martin Simon¹ 

¹ Molecular Cell Biology and Microbiology, Faculty of Mathematics and Natural Sciences, University of Wuppertal, ² 

Food Chemistry, Faculty of Mathematics and Natural Sciences, University of Wuppertal, ³ Genetics/Epigenetics, 

Centre for Human and Molecular Biology, Saarland University, Germany 

 

masimon@uni-wuppertal.de 

 

Cobalt and Nickel show increasing pollution in our environment by their combined usage as cathode active materials in 

Li-NMC batteries. We aim for assessment of combined toxicity and cellular uptake mechanisms in the early steps of the 

food chain by investigation of (i) bacteria as a primary carbon source for heterotrophs and (ii) Paramecium as a primary 

consumer. Paramecium is a free living bacterivorous ciliate present in various aquatic and soil ecosystems.   

Exposing Paramecium to metals, we can dissect two uptake pathways: phagocytotic uptake of metals accumulated in 

food bacteria and phagocytosis independent uptake, via pinocytosis or transporters. Our data show that, in two hours, 

paramecia ingest more cobalt than nickel and that nickel (LD50310µM) is much more toxic than cobalt (LD501500µM).  

Incubation of bacteria and measurement of the cellular content by ICP-OES show that these enrich ~2fold more Nickel 

than Cobalt when both metals are co-exposed at concentrations from 100-600µM. Modeling the initial steps of the food 

chain, we fed these bacteria to paramecia thus measuring the pure phagocytotic uptake. The cellular content shows the 

same ratio of both, meaning ~2fold higher Nickel content than cobalt. We therefore conclude that bacteria can selectively 

pre-accumulate metals for introduction into the food chain.  

We then analyzed the transcriptomic response of paramecia to sublethal doses of Nickel and Cobalt by sequencing of 

poly(A)-RNA. Dissecting the cellular responses by hierarchical clustering suggests distinct cellular effects, e.g. Nickel 

causes deregulation of glutathione biosynthesis genes suggesting redox-components to be affected. However, a deeper 

GO-analysis indicates several common de-regulated biological pathways: regulation of transcription, tRNA metabolism, 

DNA catabolism and ammonium transport. As this suggests that both metals can target the same cellular pathways, we 

analyzed their co-exposure and found indeed increased toxicity in joint applications.  

This suggests rather complex and different routes of individual metals to enter the food chain, and for future analysis, 

Paramecium or ciliates in general may be considered for environmental toxicity studies.  
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Regular Session 8: 85303 

 

Combined application of citric acid and microbes assisted phytoextraction of chromium from Cr-

contaminated field through castor bean (Ricinus communis L.) 

 

Shafaqat Ali, Muhammad Rizwan and Muhammad Waseem 

Government College University Faisalabad 38000 Faisalabad Pakistan 

 

shafaqataligill@yahoo.com 

 

The higher concentration of chromium in the soil is highly undesirable for the plants due to its detrimental effect on 

plant growth and yield. The effluent from the leather industry contains a high concentration of chromium used for 

irrigation in developing countries. As a chelating agent, citric acid (CA) contributes to plants growth and development. 

This study analyzed the combined role of two chromium-resistant bacteria (B. subtilis and S. aureus) and citric acid in 

remediating the chromium-contaminated soil by castor bean. Plants were grown in field irrigated with tannery effluent 

enriched with chromium and treated with citric acid levels (0, 2.5, 5 mM) and chromium resistant bacteria. The foliar 

application of CA significantly enhanced the plant growth parameters, carotenoid contents, photosynthesis process by 

reducing the oxidative stress and improving the activity of the antioxidant enzymes. The application of bacteria 

augmented with CA further enhanced the beneficial role of citric acid; however, the role of S. aureus was considerably 

superior than B. subtilis. The augmented application of bacteria S. aureus and CA (5 mM) increased the plant height 

from 59 to 139 cm, total chlorophyll content from 3.2 to 6.8 mg g-1 FW, water use efficiency 14 to 30 %, and decreased 

the electrolyte leakage 90 to 44 % from treatments without CA and bacteria. Furthermore, it is well evident from the 

results that the higest Cr accumulation was observed in roots and shoots with the combine application of CA (5 mM) 

and bacteria. The findings proved a pathway for innovative application of the combine use of bacteria and CA to 

cultivate the corps in metals contaminated soils with maximum yield and increased bioaccumulation of toxic metals.  

 

Key Words: Bacteria, Chromium, Citric acid, Plants, Phytoremediation 
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Regular Session 8: 85343 

 

Use of core species based on multispecies biofilm interactions promotes the remediation of cadmium 

pollution 

 

Yonghui Xing, Song Liu, Shuxin Tan, Yi Jiang, Xuesong Luo, Xiuli Hao, Qiaoyun Huang¹ and Wenli Chen¹ 

1 Huazhong Agricultural University, PR China 

 

wlchen@mail.hzau.edu.cn 

 

Microbial consortia have opened new avenues for heavy metal remediation. However, the limited understanding of the 

overall effect of interspecific interactions on remediation efficacy hinders its application. Here the effects of multispecies 

growth and biofilm formation on Cd immobilization were explored from direct and multiple interactions through random 

combinations of two or three rhizosphere bacteria. In mono-cultures, Cd stress resulted in an average decrease in 

planktonic biomass of 26.4%, but through cooperation, the decrease was attenuated in dual (21.3%) and triple cultures 

(13.1%), possibly involving an increase in surface polysaccharides (mono 1.12-fold, dual 1.18-fold, and triple 1.35-

fold). More than 65% of the co-cultures exhibited induction of biofilm formation under Cd stress, which further 

enhanced the role of biofilms in Cd immobilization. Notably, excellent biofilm-forming ability or extensive social 

induction makes Pseudomonas putida and Brevundimonas diminuta stand out in multispecies biofilm formation and Cd 

immobilization. These two core species significantly increase the colonization of soil microorganisms on rice roots 

compared to the control, resulting in a 40% decrease in Cd uptake by rice. Our study enhances the understanding of 

bacteria interactions under Cd stress and provides a novel strategy for adjusting beneficial soil consortia for heavy metal 

remediation. 
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Regular Session 9: 83172 

 

Ombrotrophic peat bogs as tools for evaluating the share of atmospheric deposition in total soil 

contamination with priority pollutants 

 

Ewa Miszczak¹, Eiliv Steinnes² and Irena Twardowska³ 

¹ Institute of Environmental Engineering of the Polish Academy of Sciences, ² Norwegian University of Science & 

Technology – NTNU, ³ Institute of Environmental Engineering of the Polsh Academy of Sciences 

 

irena.twardowska@ipispan.edu.pl 

 

Global growth of diffuse soil pollution from atmospheric deposition resulted in adoption of EMEP (1984) - European 

Programme for Monitoring and Evaluation of Long range Transmission of Air Pollutants (LRTP), and in mitigation of 

emissions. This contributed to significant reduction of the current soil pollution with Cd and Pb. However, the biggest 

emission/deposition fall on the pre-monitoring times, thus the total cumulative atmospheric deposition in the area and 

its share in the overall soil pollution remain largely unknown. The use of dated ombrotrophic peat bogs as archives of 

total cumulative loads of airborne elements from atmospheric deposition provides solution to this problem. Here, the 

first assessment of total deposited Cd and Pb accumulation in undisturbed soils, based on the data obtained from 

ombrotrophic peat bogs, is presented. It is exemplified in the areas of Vest-Adger, southernmost Norway (I) and in so 

called “Black Triangle” in the Izera Mountains, Poland (II), both historically affected with atmospheric deposition from 

LRTP. The total critical deposition of Cd and Pb in the area (II) exceeded 2.5- and 3.4-fold, respectively, that in the area 

(I) representing typical overall deposition in Central/West Europe. The values of contamination factor (CF) showed high 

level of hazard to soils in both areas. The cumulative Cd load in soil profiles was ~40% lesser, while that of Pb 

considerably higher than the deposited loads. Element affinity to the same chemical fractions in peat and soils allowed 

to quantify accumulation and release of deposited elements in soil and distinguish the loads of geogenic origin. The 

precise evaluation of total cumulative loads of atmospheric deposition with the use of ombrotrophic peat bogs creates 

the basis for the reliable balance of deposited elements in soils worldwide, particularly in the Northern hemisphere. 

 

Funding: This study received funding from the Polish-Norwegian Research Programme, Project Contract No. Pol-

Nor/1999338/45/2013." 
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Regular Session 9: 83694 

 

Steel slag: A possibility to reduce the leaching of toxic elements from an alkali-activated material 

 

Majda Pavlin and Vilma Ducman 

Slovenian National Building and Civil Engineering Institute 

 

majda.pavlin@zag.si 

 

Alkali-activated materials (AAMs) are good alternatives to concrete or ceramic-type products. These alternative 

products might even have better mechanical properties than commercial products and be more durable. In addition, a 

smaller carbon footprint is an important advantage. However, sodium/potassium silicate, which is commonly used for 

alkali activation, can contribute to the carbon footprint due to its high energy consumption in the production of the alkali 

activator. Therefore, it is necessary to optimise the mix design and, if possible, find alternative ways to use waste 

materials for alkali activator production. AAMs have the ability to immobilise toxic elements/compounds in their 

structure. And the efficiency of immobilisation in AAMs depends on many factors, such as precursors used for alkali 

activation, alkali activators, etc. 

The results of the present work show that it is possible to reduce (change) the amount of toxic elements in the leachates 

of AAMs by changing 1) the amount of precursors, 2) the amount and type of activators, and 3) the curing of the samples 

at different temperatures. The mechanical properties of the prepared samples depend on the composition of the mixture 

and the temperature used for curing. In the present work, a mixture of electric arc furnace slag (EAFS) and ladle slag 

(LS) (referred to as EAFS-LS in the following text) was used for the alkali activation process. Due to the problems with 

the leaching of some toxic elements from alkali-activated slag, mineral wool wastes were added to the mixture of EAFS-

LS in different proportions. For example, when 25 wt% mineral wool was added, the concentration of Cr, As and Mo 

in the leachates decreased significantly. A slightly lower concentration was also observed Sb. On the other hand, the 

content of Ni, Cu and Co increased. This study shows the importance of developing the mix design and curing conditions 

to produce sustainable, environmentally acceptable materials that can be used as alternative products to concrete. 
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Regular Session 9: 84227 

 

Trace elements in peat bog surface waters and plant fluids: indicators of dissolution of natural and 

anthropogenic dusts and aerosols 

 

William Shotyk¹, Fiorella Barraza², Sundas Butt¹, Na Chen¹, Chad W Cuss³, Jacqueline Dennett¹, Kevin Devito⁴, 

Lukas Frost⁴, Iain Grant-Weaver⁴, Muhammad Babar Javed⁴, Andrii Oleksandrenko⁴, Tommy Noernberg⁴ and Yu 

Wang⁴ 

¹ University of Alberta, ² University of Alberta, ³ Memorial University of Newfoundland, ⁴ University of Alberta 

 

barrazac@ualberta.ca 

 

Peat bogs have been used for decades as archives to reconstruct the historical records of atmospheric deposition of a 

broad range of pollutants, including trace elements, dust particles, fallout radionuclides and organic contaminants. 

However, the physical and chemical analyses of anthropogenic constituents of peat and bog plants provides little, if any, 

information about the ecological significance of these compounds, subsequent to their deposition to terrestrial 

ecosystems. The most reactive dusts and aerosols could potentially dissolve in the acidic waters (pH 4) of ombrotrophic 

peatlands. Here, we explore the use of trace elements in peat bog surface waters, Sphagnum moss porewaters, and fluids 

from Pitcher Plants (Sarracenia purpurea) as indicators of the chemical reactivity of these particles. In surface waters 

from bogs near open pit bitumen mines in northern Alberta, lithophile elements (e.g. Y) are most commonly elevated 

relative to the control site, along with V and Ni which are the two most abundant metals in bitumen. Lead concentrations 

and enrichments (relative to Y) are far greater in the bog surface waters from southern Ontario. Sphagnum moss 

porewaters revealed the greatest concentrations of Ni in samples collected at Elk Island National Park which is 

downwind of the nickel refinery in Fort Saskatchewan. Pitcher Plant fluids are highly enriched in Cu and Zn, perhaps 

because of the insects which are digested by these carnivorous plants; the enrichments of Cd in these fluids is even 

greater. Although many new questions arise regarding spatial and temporal variation in element concentrations, their 

bioaccumulation by plants and animals, and the importance of dissolved organic matter on particle dissolution, the 

aqueous phase of peatlands and their plants provide promising new insight into the chemical reactivity of aerosols and 

dusts. 
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Regular Session 9: 84458 

 

Potential anticancer activity of green synthesized silver and copper nanoparticles with açaí (Euterpe 

oleracea Mart.) on B16F10 melanoma cells 

 

Andy Joel Taipe Huisa¹, Jose Maria Monserrat¹, Julie Medeiros¹, Ana Votto¹, Karina Machado¹, Adriano Wherli¹ and 

Jesus Alvarado Huayhuaz² 

¹ Federal University of Rio Grande (FURG), ² Universidad Nacional de Ingenieria (UNI) 

 

andyjth1792@gmail.com 

 

Green synthesis of metallic nanoparticles is a growing research area because of their potential applications in the 

treatment of several diseases such as cancer. Plants that contain phytochemicals, such as polyphenols and flavonoids 

can function as reducing and stabilizing agents and are therefore suitable for application in biological methods for 

synthesis of metal nanoparticles. Açaí is an Amazonian palm from Brazil with a high content of polyphenols and 

flavonoids. Thus, in this study we prepare an aqueous extract of açaí’s pulp to synthesize silver and copper nanoparticles 

through a one-step biosynthesis procedure. The nanoparticles were characterized using Ultraviolet–visible spectroscopy, 

Transmission Electron Microscopy (TEM), and Energy Dispersive X-ray spectroscopy (EDX). The anticancer effect 

against melanoma cells B16F10 was evaluated in vitro and the binding affinity with the anticancer drug target 

glycoprotein-P (Pg-p) was explored using molecular docking (AutoDock Vina). The extract obtained showed high 

antioxidant capacity (13131.51 ± 3809.91 uM Eq Trolox/100 g DW), and the silver and copper nanoparticles obtained 

have an average size of 32 ± 6 and 6.4 ± 1 nm, respectively (TEM). Both nanoparticles showed a reduction on the 

viability of melanoma cells B16F10 after 24, 48 and 72 h in the MTT viability assay, but silver nanoparticles were more 

cytotoxic compared to copper nanoparticles. When combined, it was observed that the cytotoxic effect was mainly 

dependent on the concentration of silver nanoparticles. Finally, the molecular docking analysis showed that 

anthocyanins found in the açaí extract such as cyanidin 3-rutenoside and cyanidin 3-glycoside have high affinity with 

Pg-p when compared to a known inhibitor such as verapamil, suggesting that this could be a molecular target for the 

nanoparticles synthesized. In conclusion, silver and copper nanoparticles synthesized with açaí induced citotoxicity in 

melanoma cells and they could overcome the drug resistance mechanism of Pg-p over expression. 
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Regular Session 9: 84671 

 

Quantitative and qualitative characterization and identification of trace elements present in 

atmospheric aerosols 

 

Prity Pippal¹, Shaifali Verma, Ramesh Kumar, Atar Singh³ and Rajesh Kumar¹ 

¹ Central University of Rajasthan 

 

2020phdevs004@curaj.ac.in 

 

Aerosols, particulate matter, can be present in liquid, solid, and gaseous mediums. The conversion of gasses into 

particles from resuspended soils, atmospheric cloud droplets, smoke from the power plant, salt particles, cigarette 

smoke, biomass burning, vehicular emission, mineral dust, salt particles from ocean spray, etc., cause complexities. 

These particles are suspended in the air, cause various health problems, and affect the environment directly and 

indirectly. In this study, the trace elements, water-soluble and insoluble, present in aerosols are characterized based on 

their quantity and quality that cause severity to health and environments. The sample has been collected from the 

Respirable dust sample (RDS) for 24 hours continuous monitoring two times a week at the campus of Central university 

of Rajasthan, India, for winter season in 2022. For the Identification/determination of chemical species, we use ion 

chromatography and Raman spectroscopy from the aerosol sample in the study area (CURaj campus). For morphological 

classification, we use microscopy techniques. The elements chloride (Cl-) and sulphate (SO4
-) in anion and sodium (Na+) 

and Calcium (Ca+) in cations have higher concentrations with mean value of 4.23±1.5, 2.57±0.8, 5.28±0.7, and 4.80±1.4 

respectively. While Raman spectroscopy has confirmed the abundance of bioaerosol, it might result from higher 

fluorescence. The morphology characterization confirms the adequate number of organic particles (bioaerosols) in the 

samples, as Raman shifts for most samples were higher. The characterization of chemical species eases the identification 

of the fate of chemicals present in the air, which show chemical transport when it gets out into the environment and how 

it might be chemically transforms in atmosphere. This baseline study from real-time aerosol dust samples and their 

characterization inside the university campus will refer to future modeling and other findings. 
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Regular Session 9: 85310 

 

Determining the geochemical fingerprint of the lead fallout from the Notre-Dame de Paris fire: lessons 

for a better discrimination of chemical signatures 

 

Sophie Ayrault, Justine Briard, Matthieu Roy-Barman, Maxime L'Héritier, Aurélia Azéma, Delphine Syvilay and 

Sandrine Baron 

 

sophie.ayrault@lsce.ipsl.fr 

 

On 2019, the fire of Notre-Dame de Paris cathedral (“NDdP”) spread an unknown amount of lead (Pb) dust from the 

roof of the cathedral over Paris. No data describing the geochemical fingerprint of the roof lead, as well as no particle 

collected during the fire, were available: a post-hoc sampling was performed. To discriminate the potential 

environmental impact of the fire from multiple Pb sources in Paris, it was mandatory to define unequivocally the fire 

dust geochemical signature. A dedicated and in hindsight geochemistry-based strategy was developed to eliminate any 

source of potential contamination due to sampling substrates or previously deposited dust. Radiogenic Pb isotopic 

signatures (206Pb/207Pb and 208Pb/206Pb ratios) and elemental ratios were determined in 23 Pb-rich samples collected 

inside NDdP. We determined that the dust collected on wood substrates on the first floor was most representative of fire 

emissions. These samples were the analyzed for the 4 Pb isotopes (204, 206, 207, 208) and the fire dust signature is 

characterized by ratio values of 206Pb/207Pb: 1.1669 - 1.1685, 208Pb/206Pb: 2.0981-2.1095, 208Pb/204Pb: 38.307 – 

38.342, 207Pb/204Pb: 15.633 – 15.639 and 206Pb/204Pb: 18.242 – 18.275. In addition, the fire dust presents typical 

element-to-Pb ratio. This fingerprint was compared to the signatures of the known local Pb sources. The geochemical 

fingerprint of the fire is significantly different from that of the dominant urban Pb source. This will allow future 

evaluation of the contribution of the fire to Paris Pb pollution and of the real extent of the area affected by the Pb-

containing dust plume. Moreover, the geographical origin of Pb used to for the roof restauration and the spire building 

was identified. These findings open new ways to study the Pb sources in historical monuments for environmental 

impacts evaluation, as well as for historical perspectives. 
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Special Session 1: 84207 

 

Differences and similarities in selenium biopathways in Astragalus, Neptunia (Fabaceae) and Stanleya 

(Brassicaceae) hyperaccumulators 

 

Mirko Salinitro¹, Antony van der Ent², Dennis Brueckner³, Sofia Montanari⁴, Kathryn Spiers³, Annalisa Tassoni⁴ and 

Michela Schiavon⁵ 

¹ University of Bologna – Italy, ² Wageningen University and Research, ³ Deutsches Elektronen-Synchrotron DESY; ⁴ 

University of Bologna, ⁵ University of Turin 

 

mirko.salinitro2@unibo.it 

 

The Brassicaceae Stanleya pinnata and the Fabaceae Astragalus racemosus (native to USA) and the Fabaceae Neptunia 

amplexicaulis (native to Australia) are among the strongest known selenium hyperaccumulators. Selenium 

hyperaccumulation has presumably evolved independently in these different taxa and geographical regions in response 

to similar environmental pressures. This study aimed at determining whether the distributions of selenium in these three 

genera are similar or contrasting to infer their physiological handling mechanisms. A combination of 2D X-ray 

fluorescence analysis and X-ray fluorescence-computed tomography was used to assess selenium distribution in plant 

tissues at beamline P06 of the Deutsches Elektronen-Synchrotron (DESY). The highest selenium concentrations occur 

in the young leaves, but there are consistent differences in the selenium sequestration between the species. In the roots 

of A. racemosus selenium accumulated mostly in the rhizodermal cortical cells, whereas in S. pinnata it was principally 

in the cortical cylinder and in the pith rays, whilst in N. amplexicaulis selenium was mainly restricted to the vascular 

cambium and secondary phloem vessels. The distribution of selenium in stems of A. racemosus stems was exclusively 

in the epidermal cell layer, while in S. pinnata, it mainly occurred in the pith rays, vascular cambium, and parenchymal 

cells of the sub-epidermal cortical layer, and in N. amplexicaulis, selenium was concentrated in the cells of the sub-

epidermal cortical layer, in vascular cambium and in secondary phloem cells.  In the leaves of A. racemosus and N. 

amplexicaulis selenium was primarily concentrated in the pulvini of the leaves, and in N. amplexicaulis the preferential 

localization was inside the phloem bundles. Finally, in S. pinnata selenium was localised along the leaf margins, with 

some enrichment in the central vascular bundle. The results show that Astragalus, Stanleya and Neptunia have ostensibly 

evolved different selenium handling physiologies, resulting in different mechanisms for translocation and storage of 

excess selenium. 
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 Special Session 1: 84321  

 

The effect of aging on chromium speciation and mobility in chromium-contaminated soils impacted 

by salinity 

 

Piyapas Sricharoenvech¹, Matheus Barreto¹, Ryan Tappero², Gautier Landrot³ and Donald Sparks¹ 

¹ University of Delaware, ² Brookhaven National Laboratory, ³ Synchrotron SOLEIL 

 

pypschrv@udel.edu 

 

Chromium (Cr) is a toxic element which impacts both the environment and human health. Residence time (aging 

process) may increase Cr stability in soils; however, the long-term aging effect on Cr cycling remains unclear, especially 

in contaminated coastal soils which are susceptible to saltwater intrusion and redox change due to sea level rise. This 

study investigated the speciation and mobility of Cr in soils affected by aging and salinity. Two soils with different iron 

(Fe) and manganese (Mn) oxides levels were aged up to 180 days with Cr(III) and Cr(VI), and Cr speciation was 

examined using X-ray absorption near edge spectroscopy (XANES). Additionally, Cr-aged soils were subjected to 

artificial seawater (SW) to observe Cr release as impacted by salinity. The results showed that the oxidation state of Cr 

in the soil samples was similar to the added Cr, except in the high Mn soil in which Cr(III) oxidation was observed. 

Aging time affected Cr speciation in soils, especially Cr-aged high Mn soils, as the proportion of Cr(VI) species was 

found to decrease over 180 days of aging. Furthermore, Cr removal from Cr-aged soils via SW was impacted by both 

soil Cr speciation and aging time. The release of Cr from Cr(VI)-containing aged soils via SW ranged from 2.63 to 19.4 

mg/L, which is higher than Cr(III)-aged low Mn soils (< 0.003 mg/L). Longer aging time of these Cr(VI)-containing 

aged soils resulted in lower Cr mobility; however, Cr release from these soils was still higher than the WHO and U.S. 

EPA standards for drinking water (0.05 and 0.1 mg/L, respectively). This research provides a better understanding of 

how aging and salinity impact Cr cycling in contaminated coastal soils impacted by sea level rise. 
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Special Session 1: 84525 

 

Deciphering chromium oxidation state in crop plants at very low concentrations relevant for food 

safety information 

 

Samuel Legros¹, Céline Laurent², Marie Tella¹, Olivier Proux³, Mauro Rovezzi³, Emmanuel Doelsch¹ and Matthieu N. 

Bravin¹ 

¹ Cirad, ² Université de Lorraine / Laboratoire Sols et Environnement, ³ European Synchrotron Radiation Facility 

(ESRF) 

 

samuel.legros@cirad.fr 

 

Tri- and hexa-valent chromium, i.e. Cr(III) and Cr(VI), are the most common Cr oxidation states in natural 

environments. Cr(VI) is much more toxic than Cr(III). It is therefore crucial for food safety to decipher Cr redox state 

in crop plants. Indeed, crop plants would be unsafe for animal and human consumption even if a small part of Cr in their 

edible part would occur as Cr(VI). In the X-ray absorption spectroscopy (XAS) literature, no reliable measurements 

have been made at Cr concentration lower than ca. 20 mg kg-1 DM, due to usual XAS detection limits. This concentration 

is 20-fold higher than the usual Cr concentration measured in the edible parts of crops. 

In this study, we used the high energy resolution fluorescence detected HERFD-XAS to characterize, for the first time, 

Cr speciation in crop samples with a Cr concentration below 5 mg kg-1 DM. Measurements were made on the Fame-

UHD beamline at the European synchrotron research facility (ESRF). Market-gardening and forage crops were collected 

in a laboratory scale experiment and an agronomic field trial. Samples were kept frozen from the harvest to the analysis 

and were cooled to 10 K during XAS analysis. 

We were able to characterize unequivocally Cr oxidation state as Cr(III) in plants with the Cr concentration higher than 

2 mg kg-1 DM. In plants with Cr concentration lower than 2 mg kg-1 DM, Cr speciation appeared to be a mixture of 

Cr(III) and Cr(0). The Cr(0) signature in plants could be attributed to a stainless steel residual signal of the beamline, or 

to the actual presence of Cr(0) species. Either way, this result means that if Cr(VI) is present in the sample, it could be 

no more than ca. 10 %. Therefore, the crop analyzed are safe concerning Cr for animal and human consumption. 
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Special Session 1: 84650 

 

What’s in those socks? A synchrotron outreach study to analyze the properties of copper in textiles 
under environmental pressure 

 

Iris Koch¹, Debora Meira², Blaire Coffey¹, David Patch¹, Kelly Sturner³, Michelle Harbin⁴, John Meyers⁴, Amalia 

Rudofski⁴, Amanda Hahn⁴, Rehman Arif⁴, Theodora Calafeteanu⁴ and Catherine Sommerfeld⁴ 

¹ Royal Military College of Canada, ² Canadian Light Source Inc, ³ Advanced Photon Source, Argonne National 

Laboratory, ⁴ Lyons Township High School 

 

ikochaprilannabel@gmail.com 

 

The Advanced Photon Source (APS) undertakes the Exemplary Student Research Program (ESRP) to connect high 

school students and their teachers with Argonne scientists to conduct research projects, using the facilities at APS. This 

presentation will describe an ESRP project undertaken by Ms Harbin and her team of six students (the Argonne ESRP 

Team) at Lyons Township High School, together with APS@CLS beamline scientist Debora Meira, with support from 

researchers in Kingston, Ontario. The project addresses the fate of copper in socks containing copper fibres, used for 

their antimicrobial properties to control odor. The Kingston group conducted similar studies at the APS to study silver 

in socks, showing that substantial amounts of silver can be released into washing machine water, available for transport 

into sewers and surface water bodies (1,2). Preliminary x-ray fluorescence (XRF) analysis of socks in Kingston, Ontario, 

indicates that a variety of brands contain 0.5 to 10 % copper. The ESRP Team copper sock project consists of students 

wearing the same brand of socks for moderate and vigorous exercise, following by washing in the school laboratory 

using a method to mimic laundering. The socks will be analyzed by x-ray absorption near edge structure (XANES) 

spectroscopy at APS to determine the oxidation state of the copper in the socks, and to determine any changes in the 

socks following wear and washing. These analyses will be complemented by XRF analyses to establish whether 

concentrations have changed, as well as by analyses of washing solutions by ICP-MS to determine how much copper is 

released through these activities. The ESRP Team will prepare a poster and present it alongside other scientific studies 

at the annual Argonne APS/CNM Joint Virtual Users Meeting in spring 2023.   

 

References:  

1. Gagnon V et al., 2019. Environmental Science: Nano. 6, 411-24. 

2. Patch D et al., 2021. Chemosphere. 284, 131269. 
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Special Session 1: 84682 

 

Unexpected Cu and Zn speciation patterns in the feed-animal-excreta system revealed by XAS 

spectroscopy 

 

Samuel Legros¹, Marie Tella¹, Alessandra N. T. R. Monteiro², Asal Forouzandeh³, Florent Penen², Stéphane Durosoy² 

and Emmanuel Doelsch¹ 

¹ Cirad, ² ANIMINE, ³ University of Barcelona 

 

samuel.legros@cirad.fr 

 

Trace minerals such as copper (Cu) and zinc (Zn) are animal nutrition supplements necessary for livestock health and 

breeding performance, yet they also have environmental impacts via animal excretion. Here we investigated changes in 

Cu and Zn speciation from the feed additive to the animal excreta stages. The aim of this study was to assess whether 

different Cu and Zn feed additives induce different Cu and Zn speciation patterns, and to determine the extent to which 

this speciation is preserved throughout the feed-animal-excreta system. Two types of animals were considered, broilers 

and pigs.  

Synchrotron-based X-ray absorption spectroscopy (XAS) was used for this investigation. The principal findings were: 

(i) In feed, Cu and Zn speciation changed rapidly from the feed additive signature (Cu and Zn oxides or Cu and Zn 

sulfates) to Cu and Zn organic complexes (Cu phytate and Zn phytate). (ii) In the broilers’ digestive tract, we showed 

that Cu and Zn phytate were major Cu and Zn species while Cu sulfide and Zn amorphous phosphate species were 

detected but remained minor species. In pigs’ digestive tract, Cu sulfide and Zn phytate were the dominant species. (iii) 

In fresh excreta, the results depend on the element studied. Cu sulfide is always the major species regardless of the 

animal studied and Zn amorphous phosphate is the major species in broilers excreta while Zn sulfide is the major species 

in pig excreta.  

These results should help to: (i) enhance the design of future research studies comparing different feed additive 

performances; (ii) assess Cu and Zn bioavailability in the digestive tract; (iii) gain further insight into the fate of Cu and 

Zn in cultivated soils when poultry manure is used as fertilizer. 
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Special Session 1: 84698 

 

Molybdenum speciation in paddy soils and its availability to rice plants 

 

Puu-Tai Yang and Shan-Li Wang 

National Taiwan University 

 

wangsl@ntu.edu.tw 

 

Elevated molybdenum (Mo) concentrations in soils resulting from industrial activities have been detected in Taiwan. 

This study aimed to investigate the chemical speciation of Mo in paddy soils using X-ray absorption spectroscopy and 

its effects on the uptake and accumulation of Mo by rice plants. The concentration and isotope fractionation of Mo in 

soil solutions and plants were also analyzed. The results showed that the soil Mo availability to rice plants was the 

highest in an acidic sandy soil, despite the Mo concentration in soil solutions being lower in the soil. The discrepancy 

was attributed to rhizospheric processes involving continuous dissolution/desorption and reprecipitation/re-adsorption 

processes. The chelation of Mo(VI) in rice plants results in a positive isotope fractionation, implying the storage of 

excessive Mo at the lower part of rice plants. Higher amorphous Fe oxides content in the acidic soils resulted in a higher 

ratio of molybdate sorbed on poorly-crystalline Fe oxides in the soils and iron plaque on rice roots grown in the soils. 

These soil Fe phases are relatively mobile under submerged conditions and could potentially become a source of Mo to 

rice plants. 
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Special Session 1: 85309 

 

Tackling the issue of the spatial heterogeneity of Cu species in organic wastes 

 

Emmanuel Doelsch¹, Samuel Legros, Maureen Le Bars, Barbara Etschmann, Clément Levard, Daryl Howard and 

Enzo Lombi 

¹ CIRAD 

 

doelsch@cerege.fr 

 

Recently, we investigated changes in Cu speciation in a wide range of full-scale organic waste (OW) treatment plants 

chosen to represent the most common origins of OW (agricultural, urban, industrial) and treatment processes (anaerobic 

digestion, composting). Using standard XAS technics, we have shown that nano-sized Cu(I) sulfide is a major Cu species 

in raw liquid OWs and digestates. In composts, Cu is mostly present as Cu(II) bound to organic matter and amorphous 

Cu(II)-phosphate. These results highlight (i) the influence of OW treatment on Cu speciation and (ii) the chemical 

instability of Cu(I)-S formed in OW under anaerobic conditions. 

But standard bulk XAS techniques, as described previously, probe a volume of a few mm3 and thus provide an average 

global response regarding Cu speciation which often complicates and limits the information that can be acquired. 

Moreover, the most reactive sites in OW have particle sizes in the micrometer range or less, and metal speciation may 

vary over regions of a few µm2. This heterogeneity poses methodological challenges when investigating biogeochemical 

processes, e.g. uncertainties in the speciation using LCF, where multiple solutions can be possible for a given average 

spectrum. 

In recent years, the development of laterally resolved synchrotron techniques has provided new opportunities to address 

the issue of the OW heterogeneity. With fast fluorescence detector systems, it is now possible to collect image stacks of 

the same area at many different energies, which has opened the door to speciation mapping for elements at low 

concentrations.  

Here we propose to conduct a systematic study to explore the spatial heterogeneity of Cu species in OWs at the µm 

scale. This heterogeneity will be compared with average responses obtained with standard bulk XAS techniques in order 

to corroborate the bulk results and highlight minor species (i.e. individually contributing to less than 10% of the total 

spectra) which cannot be assessed by conventional methods but which may be essential for gaining insight into TE fate. 
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Special Session 2: 83253 

 

Bioremediation of soils contaminated with Cd (II) cations by microorganisms 

 

 Aziza Usmonkulova¹, Gulchekhra Kadirova¹ and Nosir Shukurov² 

¹ Institute of Microbiology of Academy Sciences Of Uzbekistan, ² Institute of Geology and Geophysics 

 

usmonkulova.aziza@mail.ru 

 

The ability of plant growth-promoting bacteria (PGPB) to interact with plants and clean up contaminated soil has 

attracted a lot of attention in recent years. In this study, three rhizobacteria strains (Enterobacter ludwigi, Bacillus 

simplex, and Bacillus licheniformis) were evaluated for their individual and combined synergistic effects in the 

remediation of cadmium (Cd)-contaminated soils. Wheat was used as a test plant. Wheat seeds were planted in soils 

with 3 different concentrations of Cd (0.81, 4.1, 8.2 mg/kg) and treated with a combination of rhizosphere bacteria for 

30 days. Then, it was determined the plant's height, shoot and root biomass, chlorophyll content, bioaccumulation 

(BAF), and translocation factors (TF). It was discovered that plant growth and development metrics were greatly 

improved when a consortium of two and three strains of bacteria were utilized in comparison to the outcome when only 

one strain was used. The results showed that the studied rhizobacteria have a synergistic potential in providing 

bioremediation of Cd-contaminated soils and enhancing plant growth. The results of this research provide scientific 

support for the implementation of an ecologically safe, low-cost and highly effective microorganism-based method for 

the bioremediation of Cd-contaminated soils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 205



 

 

Special Session 2: 84487 

 

Uptake of cadmium by field grown spinach: taking control 

 

Filip M. G. Tack¹, Van de Sande Tomas², Maria Laura De Donno¹ and Céline Vaneeckhaute³ 

¹ Ghent University, ² Inagro, ³ Université Laval 

 

filip.tack@ugent.be 

 

Proven chronic toxicity and carcinogenicity of cadmium, even at low exposure, prompted regulations that impose 

stringent maximum allowable concentration limits in cultivated vegetables. The European Commission recently 

maintained 0.2 mg/kg fresh mass as the maximum allowable concentration of cadmium in spinach. Experience of 

professional spinach growers suggests that it can be difficult to meet these standards even when growing spinach on 

soils with baseline cadmium concentrations. There is a need to better understand the factors that influence the likelihood 

of exceeding maximum allowable cadmium concentrations when planning a spinach cultivation on a given food. 

Anonymous cadmium data from routine quality control in Flanders, the Walloon region and North of France from 2019 

to spring 2022 was explored to identify factors influencing overall trends in cadmium accumulation in field grown 

spinach. Cadmium uptake by spinach was markedly lower in periods with higher temperature, and was further reduced 

in periods of higher precipitation. In the context of FOODCAD, a collective research project of Flanders’ FOOD, a 

model was developed to appraise the objective risk that Cd concentrations in spinach grown on a specific field may 

exceeded the allowable level. An empirical stochastic model allows to estimate a probability distribution of the Cd 

concentration in the final crop on a field, based on the soil total Cd content and basic soil properties. There is currently 

very little knowledge about the factors that determine differences in cadmium uptake by spinach between different 

harvests from the same field, and hence little control. Long term soil management aimed at increasing soil organic matter 

contents and maintaining a neutral pH can reduce the risk that maximum levels are exceeded. These management 

approaches, however, may not be of a nature that they hamper cost-competitive production. If an increased Cd risk 

remains on certain parcels, cultivation of spinach will require a strict Cd control program. 
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Special Session 2: 84606 

 

Effects of bio-fertilizers on Cd bioavailability and transfer from soil to cacao tissues: A field study in 

three Ecuadorian provinces 

 

Laudine Marchive¹, Laurence Maurice¹, Eva Schreck¹, Stéphane Senan and Nicolas Eberhart 

¹ Géoscience Environnement Toulouse (Université Toulouse 3, CNRS, IRD, CNES), Toulouse, France 

 

laudinemarchive@gmail.com 

 

Cocoa farming is insured by nearly 5 million households in climatic and financial vulnerability conditions, in developing 

countries. Although Ecuador is well positioned in the international cocoa market, the country is facing a major issue: 

high amounts of cadmium in cocoa beans are weakening their exportation after the implementation of new regulations 

by the European Commission for food innocuity. In this context, a 3.5 years agronomic study in field conditions is being 

carried out in 15 pilot organic farms spread over three major cacao-growing provinces of Ecuador along the coast. The 

aim is to assess the effectiveness of bio-inputs like biochar, bokashi and organic foliar fertilizers to mitigate Cd 

bioavailability and its transfer from soil to cocoa beans. We also study their impact on cocoa yield and diseases’ 

incidence, two main concerns of cocoa farmers. No significant effect of the bio-inputs was observed on Cd 

concentrations in soil, leaves or beans after 1 year of application. Vanderschueren et al. (2023) showed that it takes 

nearly 400 days for Cd to migrate from soil to beans, in accordance with our first results. Yet, we observed major trends 

of positive impacts of foliar biofertilizers: Zn concentrations in leaves from Guayas have increased up to 87 % after 

foliar applications. Regarding the yields, the 5 treatments showed a greater production and resistance to the local diseases 

than the control, especially the 2 ones using biochar or “bokashi” + biofertilizers (+ 100 %). These results show that the 

bio-inputs used in this study can bring fast results to increase cocoa production while their efficiency for Cd mitigation 

under field conditions is not significant in the short term. Final sampling results (after 48 months of experiment) will 

give more confident results and bring new insights for the producers willing to endorse an agroecological transition for 

cocoa production. 
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Special Session 2: 84621 

 

A mechanistic understanding of cadmium behavior in cacao soils 

 

Wietse Wiersma¹, Mirjam M. Pulleman², Rob N.J. Comans¹ and Jan Groenenberg³ 

¹ Wageningen UR, ² Wageningen UR / Alliance Biodiversity & CIAT, ³ Wageningen University 

 

wietse.wiersma@wur.nl 

 

Relatively high levels of cadmium in cacao beans threaten the livelihoods of smallholder cacao farmers in Latin America 

and the Caribbean (LAC), due to strict food safety regulations in chocolate-producing countries. A potential strategy to 

reduce bean cadmium concentrations is to apply soil amendments to reduce soil cadmium availability. Nevertheless, the 

design of such strategies is hampered by a limited understanding of the biogeochemical behaviour of cadmium in tropical 

soils. We performed a lab incubation study where soils from farms in Ecuador and Colombia with high bean cadmium 

levels (1.2-4.5 mg kg-1) and contrasting levels of pH and organic matter were amended with four types of compost (30 

t ha-1), with or without the addition of lime (CaCO3; 1.75 t ha-1). The objective was to measure and explain the changes 

in the bioavailability of cadmium in response to those amendments. We measured the solid and dissolved reactive 

surfaces of organic matter and metal oxides, which were included in a geochemical multi-surface model including 

NICA-Donnan and CD-MUSIC. Considering that the dissolved (i.e. bioavailable) cadmium concentration constituted 

only 1-5% of total soil cadmium, adequate quantification of this pool is essential. Hence, we compared the common 1 

mM Ca(NO3)2 equilibrium extraction method with rhizon samplers that directly sample soil pore water, and with 

dynamic diffusive gradient in thin films (DGT) cells that mimic roots. Rhizon cadmium concentrations were up to an 

order of magnitude larger than the Ca(NO3)2 extraction. Modelling predicted that 60-100% of cadmium is bound to 

organic matter, and that manganese oxides may play an unexpectedly large role in cadmium adsorption due to their high 

reactivity. Overall, our results supplement ongoing field trials by offering a mechanistic understanding of how soil 

amendments could be used to create sustainable low-cadmium cacao in LAC. 
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Special Session 2: 84629 

 

Can combinations of organic and inorganic amendments effectively reduce potato tuber-Cd? 

 

Yuwei Qin¹, Yoann Viala², Bert-Jan Groenenberg³, Rob Comans⁴ and Sheila Alves² 

¹ Teagasc - Irish Agriculture and Food Development Authority/Wageningen University, ² Teagasc - Irish Agriculture 

and Food Development Authority, ³ Wageningen University, ⁴ Wagenignen University 

 

yuwei.qin@wur.nl 

 

Potato tubers contribute to a significant portion of the human dietary cadmium (Cd) intake. Elevated Cd levels in 

agricultural soils due to the underlying geology have been identified in many regions in Europe, potentially leading to 

exceedances of Cd levels in foodstuffs, especially potatoes. Despite showing promising results, common soil 

amendments such as lime and Zn often fail to present consistent results in reducing tuber Cd content among different 

soil types. Therefore, a greenhouse pot experiment was set up aiming to identify soil chemical processes that control the 

bioavailability of Cd in soils and the uptake of Cd by potato plants under different treatments, with an emphasis on 

monitoring changes in soil parameters, Cd pools and soil- and dissolved organic matter (SOM and DOM) and the humic 

and hydrophilic fractions therein over time. Paired pots of planted and unplanted soils were given combinations of 

treatments with various pH levels (lime or nitric acid addition), Zn - and spent mushroom compost doses. During a full 

growing season, soil samples were taken every month and selectively analyzed for soil characteristics including pH, 

CEC and iron and aluminum content. Cd in various extracts which operationally represent different Cd pools (e.g. 0.1 

M CaCl2, 0.01 M Ca(NO3)2, 0.43 M HNO3) was also analyzed. Soil solution samples were collected every month in situ 

using Rhizon samplers and selectively analyzed for pH, DOC and Cd. Humic and hydrophilic fractions in SOM and 

DOM were measured in selected samples. Cd speciation in soil and soil solution were modeled using a mechanistic 

multi-surface model. The results of this study will provide insights into how applying (combinations of) organic and/or 

inorganic amendments at different rates will change the distribution and speciation of Cd in soils over time. The 

mechanisms and effectiveness of the treatments will be revealed by relating changes in soil chemical parameters with 

tuber-Cd concentrations at harvest. 
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Special Session 2: 84667 

 

Effect of calcium sources on growth and cadmium accumulation in maize plants grown in different 

locations of industrial city of Pakistan 

 

Khalid Mahmud Hussaini¹, Muhammad Anwar-ul-Haq¹ and Muhammad Rizwan² 

¹ Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad, ² Department of Environmental 

Sciences, Government College University, Faisalabad 

 

hussaini1977@gmail.com 

 

The population of the world is increasing with the passage of time, which is linked to air pollution due to industrialization 

and vehicular emissions that are seriously threatening environmental health. The current experiment was conducted 

urban area of Faisalabad; gypsum, lime, and calcium chloride were applied through the foliar and soil to reduce the 

uptake and accumulation of Cd in maize plants. Results revealed that the maximum AB-DTPA Cd was 2.53, 2.25, 2.58, 

and 2.91 mg/kg in the control treatment, while the minimum concentration was observed by the application of gypsum 

in soil, which was 1.66, 0.67, 0.83, and 1.23 mg/kg at Jhang Road, Satiana Road, Sargodha Road, and Samundari Road, 

respectively. The concentration of Cd in Zea mays roots was decreased by the soil application of gypsum at Jhang Road, 

Satiana Road, Sargodha Road, and Samundari Road, which were 2.53, 2.83, 3.13, and 3.05 mg/kg, while maximum 

concentration was observed in the control treatment, which was 6.08, 2.83, 6.95, and 7.38 mg/kg, respectively. The 

shoots of maize plants showed the lowest concentrations of Cd by foliar application of gypsum at Jhang Road, Satiana 

Road, Sargodha Road, and Samundari Road, which were 3.65, 3.72, 5.94, and 4.05 mg/kg, respectively, and the highest 

concentration was observed in the control treatment, which was 11.64, 12.6, 11.78, and 11.61 mg/kg. In the leaves of 

maize plants, the Cd concentration was reduced by the foliar application of gypsum at Jhang Road, Satiana Road, 

Sargodha Road, and Samundari Road, which was 3.48, 3.54, 3.93, and 3.86 mg/kg, and the maximum concentration of 

Cd in the leaves of maize plants were observed in the control treatment, which was 10.13, 10.50, 11.25, and 10.19 

mg/kg, respectively. The application of gypsum through the soil and foliar reduced the accumulation of Cd in the body 

of maize plants as they were cultivated in highly populated areas with dense traffic on roads and the emission of smoke 

from industries. 
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Special Session 2: 84862 

 

Does the allocation of Cd to the grains depend on the plant sulfur status in durum wheat? 

 

Agathe Vidal¹, Christophe Nguyen¹, Sophie Brunel Muguet², Jean Christophe Avice²; Anne Françoise Ameline² and 

Jean Yves Cornu¹ 

¹ ISPA, Bordeaux Sciences Agro, INRAE, 33140, Villenave d’Ornon, France, ² EVA, Université de Caen, INRAE, 

14000, Caen, France 

 

agathe.vidal@inrae.fr 

 

Cadmium (Cd) is a toxic element naturally present in agricultural soils that is absorbed and accumulated in the edible 

parts of crops. Because durum wheat accumulates more Cd than other cereals, it is important to identify levers to make 

durum wheat harvests comply with the European regulatory limit of 0.18 mg Cd kg-1 (EC 1323/2021). It is well 

established that Cd has a high affinity for plant sulfur (S) compounds like phytochelatins and glutathione, which play 

an important role in Cd sequestration in plant tissues and Cd transport in the phloem. Therefore, by acting on the plant 

S status, S fertilization could be a lever to control the Cd content of durum wheat grain. We hypothesized that durum 

wheat with a high S status would (i) sequester more Cd in roots because of the abundance of S ligands and (ii) remobilize 

more Cd to the grains because S ligands would complex Cd in the phloem. To test these hypotheses, durum wheat cv. 

relief, was grown in inert solid substrate with nutrient solution having Cd concentration relevant to diffuse contamination 

of agricultural soils (100 nM). To manipulate the plant S status, S supply was either stopped at the beginning of tillering 

(Zadok’s Scale (ZS) 21) (S+/S-) or maintained until maturity (S+/S+). To distinguish the remobilization from the post-

anthesis root uptake of S and Cd, the isotopic signature of both elements were changed at the heading stage (ZS 55) and 

plants were harvested at heading stage and during grain formation at cell division (ZS 75), grain filling (ZS 85), and 

physiological maturity (ZS 92) stages. Biomass, total S and Cd content and their isotopic signature were determined in 

roots, stems, node 1, lower leaves, flag leave, peduncle and rachis, bracts, grains. Results are in the process of being 

analyzed. 
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Special Session 2: 84890 

 

Cadmium detoxification in Solanum nigrum and Solanum melongena through bounding to thiol 

compounds: a combined X-ray absorption spectroscopy and Cd stable isotopes perspective 

 

Marie-Laure Pons¹, Blanche Collin¹, Emmanuel Doelsch², Perrine Chaurand¹, Clément Levard¹, Catherine Keller¹, 

Abel Guihou¹, Pierre Deschamps¹ and Jerome Rose 

¹ CEREGE, CNRS, Aix Marseille Univ, IRD, INRAE, Aix-en-Provence, France, ² CIRAD, UPR Recyclage et risque, 

F-34398 Montpellier, France 

 

dr.marie.laure.pons@gmail.com 

 

The environmental pollution by ecotoxic metals is a problem of increasing significance for ecological/human health 

reasons. Among these elements, cadmium is of special concern due to its high mobility in the soil/plant system and 

acute toxicity. To limit Cd contamination in plants, and to enhance food safety, it is critical to understand Cd 

biogeochemical cycle, in particular what controls the bioavailability of this element. Previous studies have demonstrated 

that Cd bioavailability in soils depends ultimately on its chemical speciation. It has been proposed that non-protein thiols 

and organic acids play a major role in cadmium phytoavailability and distribution in plants. In the Cd-

(hyper)accumulator Solanum nigrum and non-accumulator Solanum melongena, the role of these organic ligands in the 

accumulation and detoxification mechanisms of Cd are debated. Here, we used X-ray absorption spectroscopy to 

investigate Cd speciation in these plants (roots, stem, leaves) and in the Cd-doped soils used for their culture to unravel 

the plants responses to Cd exposure. In both S. nigrum and melongena, Cd in roots and fresh leaves is mainly bound to 

thiol ligands, with a small contribution of inorganic S ligands in S. nigrum leaves. We interpret the Cd binding to sulfur 

ligands as detoxification mechanisms, possibly involving the sequestration of Cd complexed with glutathione or 

phytochelatins in the plant vacuoles. In the stems, results show an increase binding of Cd to -O ligands (>50% for S. 

nigrum). We suggest that Cd is partly complexed by organic acids for transportation in the sap. To further constrain the 

fate of Cd, we performed Cd stable isotope analysis. Our results show that, similarly to Zn, Cd isotopes are fractionated 

upon roots uptake – with depleted values in the roots. The stems display heavier values than both roots and leaves, which 

are consistent with ab initio isotope fractionation predictions for Cd between -O and -S ligands, which suggest Cd 

isotopes could be used to probe Cd speciation in natural samples. 
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Special Session 2: 84898 

 

Cadmium rise up in Maize 

 

Douae El Khaiter, Andreas Schweiger and Jürgen Franzaring  

University of Hohenheim / Institute of Landscape and Plant Ecology 

 

douae.elkhaiter@uni-hohenheim.de 

 

Phosphate fertilizers are mandatory for crop production. However, the use of rock phosphate may be coupled with heavy 

metal contamination, namely of cadmium. Little is known about the specific interactions of the uptake, translocation 

and accumulation of cadmium in plants. A necessary to acquire knowledge to achieve a sustainable fertilizer 

management practice. This work aimed to address the following two questions: Do the physical traits of roots and 

physiological processes differ under different concentrations of cadmium? Does this reaction differ between cultivars? 

In a primary experiment, eight different hybrid varieties of Maize (Zea Mays) were cultivated under controlled soil 

contents, nutrient concentrations and standard climatic conditions. The plants were harvested at BBCH of 12 and 32. In 

order to simplify and to reduce the number of variables, cadmium chloride was the only contamination source, added to 

the soil at five concentrations ranging between 2,5 and 40 mg kg-1. To characterize plant root growth and cadmium 

uptake as a function of initial contaminant concentration in the soil, the observations included three parameters: 

morphology, ecophysiology and senescence of the plants. Data on fresh and dry biomass, gas exchange, leaf water 

potential, root length and cadmium content were collected by standard biomass weighting, portable photosynthesis 

systems, pressure chambers, root imaging scans and ICP mass spectrometry for heavy metals analyses. The results show 

that different cultivars followed a similar behaviour of augmentation in root length at mild contamination levels (5 and 

10 mg kg-1) and inhibition at higher ones. Furthermore, a significant correlation was observed between initial cadmium 

and LWP (0.356). Moreover, all the varieties showed a lower senescence at the highest concentration of cadmium, 

however, a purplish colour reflecting elevated levels of anthocyanin formation confirming the stress plants were 

confronted. Interestingly, the initial cadmium concentration in soil correlates significantly to leaf water potential but not 

to stomatal conductance. Therefore, further study is needed to understand the plant-water relations in presence of 

cadmium.  

 

 
 
 
 
 
 
 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
213



 

 

Special Session 2: 84970 

 

Are soil amendments suitable alternatives to reduce cadmium (Cd) contamination in cacao areas in 

Ecuador? results of long-term field experiment 

 

Eduardo Chavez¹, Eduardo Gutierrez², David Arguello¹ and Erik Edward Smolders³ 

¹ ESPOL Polytechnic University Escuela Superior Politécnica del Litoral, ² Kansas State University, ³ KU Leuven 

 

fchavez@espol.edu.ec 

 

Cadmium (Cd) is a non-essential element which accumulates in edible parts of the crops, such as the cacao seeds (beans). 

Lately, attention has been given to mitigation strategies to reduce the uptake of Cd in affected areas devoted to cacao 

production. The objective of this study was to evaluate, in a systematic approach, the effectiveness of soil amendments 

to mitigate Cd contamination in cacao beans. This study was conducted in five different locations (farms) in Ecuador. 

Soils on these farms differed in basic soil properties, i.e., soil pH, which is known to be a controlling factor in plant-

available Cd. The amendments included the application of compost, calcium carbonate, and calcium sulphate at two 

rates, in one farm, biochar was applied at one rate. Soil and plant (leaves and beans) were sampled at different time 

intervals. Calcium sulphate and biochar application showed no effect (p > 0.05) on bioavailable soil Cd or plant-Cd. 

Compost, at a rate of 25 Mg ha-1 y-1, increased SOM (p > 0.05) in three out of the five farms. Nonetheless, the effect on 

plant, i.e., Cd concentration in leaves or beans, was only affected at one time interval in one farm. Up to now, the 

application of calcium carbonate is the most promising treatment. In all farms, at both rates (2 and 4 Mg ha-1 y-1), the 

application of calcium carbonate increased (p < 0.05) soil pH by (average) 1.5 units as compared to control. This 

treatment decreased (p < 0.05) bioavailable soil in three out of the five farms. However, the effect on leaf- or bean-Cd 

varied across farms and time intervals, probably due to poor amendment penetration. There is a need to keep monitoring 

the abovementioned fields for a longer timeframe. Results are promising, particularly the use of 4 Mg ha-1 y-1 of CaCO3. 
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Special Session 3: 82835 

 

Application of phytomanagement strategies in contaminated areas of the SUDOE space 

 

Michel Mench ¹, Carlos Garbisu ², Lur Epelde², Souhir Soussou³, Manuel Soto-Lopez⁴, Antonio Hernandez⁴, Laurent 

Dudoit⁵, Juan Vilela⁶, Paula Castro⁷, Helena Moreira⁷, Sofia Pereira, Beatriz Rodríguez-Garrido⁸, Angeles Prieto-

Fernandez⁸, Carmen Monterroso-Martínez ⁹, Eduardo Cardoso⁷, Séverin Jouveau¹, Régis Burlett ¹, Sylvain Delzon¹, 

Aroa Albareda⁶, Álvaro Nunes de Sousa¹⁰, Jose Maria Becerril⁴, Raphael Segura¹ 

¹ INRAE, ² NEIKER-Instituto Vasco de Investigación y Desarrollo Agrario, ³ Fertil’Innov Environnement,                   

⁴ Universidad del País Vasco/ Euskal Herriko Unibersitatea, ⁵ Charente County, ⁶ Centro de Estudios Ambientales de 

Vitoria-Gasteiz, CEA, ⁷ Universidade Católica Portuguesa, ⁸ Agencia Estatal Consejo Superior de Investigaciones 

Cientificas, IIAG-CSIC, ⁹ Universidad de Santiago de Compostela, ¹⁰ Clover strategy Lda 

 

michel.mench@inrae.fr 

 

Phytomanagement is a set of phytotechnologies combining (1) phytoremediation options based on the use of plants 

(trees, shrubs, and herbaceous) and associated microorganisms to control the pollutant linkages due to contaminant 

excess in soils at degraded sites, (2) the production of valuable biomass that can be locally processed to supply e.g., 

wood, resin, essential oils, bioenergy, ecomaterials, biosourced chemicals, ecocatalysts, etc., and (3) the remediation / 

supply of ecological functions to enhance ecosystem services (e.g., C sequestration, erosion control, creation of habitats, 

and biodiversity conservation). The Phy2SUDOE project aims to value sites contaminated by-metal(loid)s and organic 

compounds in the Southwest European region (SUDOE) through the phytomanagement use. This project aims also to 

preserve the endemic biodiversity typical of some contaminated sites (e.g., metallophytes, plant growth-promoting 

bacteria, mesofauna, etc.) due to their intrinsic and utilitarian value (e.g., biotechnological applications) and role in the 

ecosystem life cycle. The PhytoSUDOE network (https://www.phytosudoe.eu/en/) has been extended to 15 

contaminated sites distributed over Southwest France, Portugal and Spain, with the addition of new case studies, 

phytomanagement strategies, partners and stakeholders. The human capital of the network has been expanded with 

various partners (site managers, universities, R&D centers, companies, and administrations) to stimulate the creation of 

solutions and management strategies and the result transfer. Each site has its own action plan and management: i.e. 

conceptual model, feasibility of options, remediation strategies, protocols, monitoring, etc., while following harmonized 

practice guidelines. The 15 sites total an area of 350,000 m² where the various phytomanagement strategies are applied. 

The diversity of the site properties, as well as the surface area treated, makes it possible to improve the ecological quality 

of these SUDOE areas, but also to develop protocols, tools and management models that can be implemented in many 

contaminated sites that exist today in the SUDOE zone and in the world. This presentation will highlight examples of 

phytomanaged sites in Nouvelle-Aquitaine, Occitanie, Basque Country, Galicia, and Northern Portugal. 
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Special Session 3: 83026 

 

EnCOPT1 controls Hg uptake in Elodea nuttallii 

 

Claudia Cosio¹ and Andres Maturana 

¹ University of Reims- Champagne Ardenne 

 

claudia.cosio@univ-reims.fr 

 

Primary producers, i.e. aquatic plants, are instrumental for the biomagnification of the highly toxic mercury (Hg) in 

aquatic food webs. Nevertheless, the mechanisms of Hg accumulation remain elusive. We identified by RNAseq a 

transporter involved in Hg uptake in the macrophyte Elodea nuttallii: EnCOPT1. Here, this transporter was studied by 

RT-qPCR in E. nuttallii and by heterologous expression in yeast, HEK293 and Arabidopsis thaliana. EnCOPT1 was 

proven to have a function in Cu transport by complementation of the yeast mutant ctr1Δctr3Δ. Subsequently, its activity 

in Hg transport was evidenced by heterologous expression in HEK293 cells. In line with these observations, Hg 

accumulation was reduced in loss-of-function Atcopt1 and increased in gain of function AtCOPT1 and EnCOPT1 lines 

in Arabidopsis thaliana. Finally competition with Cu impaired Hg uptake in HEK293 cells and A. thaliana, suggesting 

that Hg uptake through Cu transporters might occur in other species. Data were consistent with previous knowledge of 

AtCOPT1 but further suggest that this protein’s function as an entry pathway for Hg into cells. Our results point to an 

accidental cellular uptake of Hg via an essential metal importer, which challenges existing models that assume uptake 

by passive diffusion of neutral Hg. 
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Special Session 3: 83044 

 

Uptake of thallium and other potentially toxic elements in vegetables grown in a pyrite mining 

contaminated soil: Risk assessment and mitigation by soil organic amendment 

 

Xudong Wei¹, Carlo Nicoletto¹, Giancarlo Renella¹, Paolo Sambo¹, Juan Liu², Riccardo Petrini³, Jin Wang²,         

Tangfu Xiao² and Dan Tsang⁴ 

¹ University of Padua, ² Guangzhou University, ³ University of Pisa, ⁴ Hong Kong Polytechnic University 

 

giancarlo.renella@unipd.it 

 

Thallium (Tl) is a potentially toxic element (PTE) receiving increasing public and governmental concerns due to past 

and current emissions, and it is listed among the 13 priority PTEs by the U.S. Environmental Protection Agency, 

European Commission (EC) and World Health Organization (WHO) because it acts as a neurotoxin, and prolonged 

human exposure cause gastroenteritis and even death. Due to its toxicity, Tl concentration in soil is regulated, but while 

in unpolluted areas Tl concentration in soil depends on the contribution from the weathering processes of parent material 

during pedogenesis, in polluted environments Tl concentration can reach values far higher than the legislation 

thresholds. posing risks for human health when polluted soils are used for crop production. We studied the Tl uptake by 

horticultural plants with different metal uptake characteristics, in grown on a soil polluted by Tl due to dismissed mining 

activities, subjected to mineral fertilization or amendment with compost. A field cultivation trial of Tuscany kale and 

red chicory was conducted on a Tl-polluted soil in Valdicastello carducci (Tuscany, Italy), and various geochemical and 

health risk indices of PTEs in soil and vegetables were calculated.  Results showed that the studied soil was polluted by 

Tl, but also by Pb, As, Cd, Sb, Zn, and contained high concentrations of Ba, due to the presence of barite (Table 1). Kale 

leaves accumulated high Tl concentrations whereas chicory did not, kale leaves also displayed high concentrations of 

other PTEs and Ba at levels higher than recommended in foodstuff. Compost amendment of soil significantly reduced 

the Tl uptake by kale plants, not of other PTEs, but calculation of oral reference doses (RfD) indicated risks due to Tl 

intake associated to kale consumption and to Cr for both kale and chicory. Perspectives for protection of residents’ 

health and potential of organic amendments as environmental mitigation measures are illustrated and discussed. 
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Special Session 3: 83217 

 

Metalloproteome factory: from crude extract to identification of metalloproteins via 3-dimensional 

HPLC-ICP-sfMS 

 

Hendrik Küpper, Syed Nadeem Hussain Bokhari, Elisa Andresen and Filis Morina 

Czech Academy of Sciences, Biology Centre, Institute of Plant Molecular Biology 

 

hendrik.kuepper@umbr.cas.cz 

 

Understanding trace metal metabolism in plants is a prerequisite for improvements in food safety and quality, 

agricultural productivity, and environmental risk assessment (Andresen et al., 2018; Morina and Küpper, 2022). 

Identification of metalloproteins from crude extracts is essential to reveal response mechanisms of plants to 

environmental factors, as well as differences in physiology between tissues and life stages. Conventional techniques 

suffer from the lack of resolution and/or sensitivity. Our recent advances improved the latter in plants, algae and 

photosynthetic bacteria (Küpper et al., 2019). We present here a method based on three dimensions (3D) of 

chromatography (anion exchange chromatography followed by hydrophobic interaction chromatography and size 

exclusion chromatography), all based on a common buffer system that was optimised for its compatibility with the 

hyphenated inductively coupled sector-field mass spectrometry (ICP-sfMS, sf-ICP-MS). Using the metalloproteome of 

soybean roots as an example, we demonstrated that this 3D metalloproteomics could analytically purify various 

metalloproteins from their natural abundance in crude extracts to a quantity and purity that is sufficient for subsequent 

identification by ESI-MS. Selected purification pathways of metalloproteins (binding Cu, Fe, Mn and/or Zn) from the 

crude extract to the final identification are shown and their role in plant metabolism is discussed. 

 

References: 

Andresen E, Peiter E, Küpper H (2018). Trace metal metabolism in plants. Journal of Experimental Botany, 69: 909-

954. 

Küpper H, Bokhari SNH, Jaime-Pérez N, Lyubenova L, Ashraf N, Andresen E (2019) Ultratrace metal speciation 

analysis by coupling of sector-field ICP-MS to high-resolution size exclusion and reversed-phase liquid 

chromatography. Analytical Chemistry 91, 1710961-10969 

Morina F, Küpper H (2022) Trace metals at the frontline of pathogen defence responses in non-hyperaccumulating 

plants. Journal of Experimental Botany 73, 6516-24. 

 

Funding: COST (CA19116 “Trace metal metabolism in plants – PLANTMETALS), Ministry of Education, Youth and 

Sports of the Czech Republic with co-financing from the EU (KOROLID, CZ.02.1.01/0.0/0.0/15_003/0000336), Czech 

Academy of Sciences (RVO: 60077344). 
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Special Session 3: 83655 

 

Phytoextraction of heavy metals by Odontarrhena chalcidica cultivated on agricultural soil in 

industrial site of Elbasan, Albania 

 

Aida Bani¹, Dolja Pavlova² and Marilda Osmani³ 

¹ Agricultural University of Tirana, Faculty of Agronomy and Environment, ² University of Sofia, Faculty of Biology, 

³ University of Elbasan “Aleksandër Xhuvani” Faculty of Natural Sciences 

 

abani@ubt.edu.al 

 

The contamination of heavy metals has attracted the world's attention due to an intensive effect on ecosystems and its 

toxicity to living organisms. The heavy metals exist naturally in ultramafic rocks, but human activity has increased their 

accumulation. Albania has a high density of abandoned or active mining sites and metal smelters.  The metallurgical 

complex in the industrial area of Elbasan is a potential source of heavy metal pollution in this part of the country. The 

pollution emitted from this complex has affected agricultural soil and the water of Shkumbin River, the main watershed 

in this region, and has caused many problems to the microenvironment and adversely affected human health. A three-

year field experiment was performed on polluted soil in ex-metallurgical industrial site in Elbasan. The main goal of 

this study was the assessment of the heavy metal concentration (Ni, Co, Pb, Cr) and the evaluation of the phytoextraction 

technology for soil remediation. The Ni hyperaccumulator species Odontarrhena chalcidica was cultivated under some 

agronomic practices: soil tillage, four plants per 1 m2, organic and mineral fertilization, and irrigation. The experiment 

showed more effective Ni phytoextraction when 50% of “vegetation soil” was added to the industrial soil instead of 

manure. Also the concentration of Ni in soil was high (610 mg/kg). After three years an improvement of the soil fertility 

for conventional agriculture (Ni stress) was established. The Ni hyperaccumulator species O. chalcidica increased the 

biomass production and Ni yields under agronomic practices. The soil Ni availability was 15% lower after 3 years of 

successive cropping. This study showed that O. chalcidica could be an useful candidate for phytoextraction 

technologies. We propose phytomining as nature-based solution to restore contaminated or degraded soils while 

producing biomass for industrial use in the city environment. 
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Special Session 3: 83982 

 

In situ selection of crops to manage a metal-contaminated dredged sediment-derived soil: Fate of 

metals in plants and plant effect on metal extractability in soil. 

 

Valérie Bert and Alexandre Perlein 

Ineris 

 

florence.leneutre@ineris.fr 

 

Ten crops, usually grown with conventional farming, horticultural or forestry practices, were chosen for their potential 

to be valued after harvest in non-food chains and their relevance to pedoclimatic conditions. These crops (Linum 

usitatissimum L., Eucalyptus sp., Beta vulgaris sub sp. vulgaris L., Phacelia tanacetifolia Benth., Malva sylvestris L., 

Chenopodium album L., two cultivars of Sorghum bicolor L. (Biomass 133 and Santa Fe red), and two cultivars of Salix 

sp. (Inger and Tordis)) were cultivated in situ on plots of a metal-contaminated dredged sediment-derived soil (DSDS) 

located in the North of France. The fate of metals (Cd, Zn, Cu, Pb) in these crops was studied as well as the mobility of 

the metals in the DSDS with or without vegetation. The measurement of the metal concentrations in the aerial plant 

parts and both the total and the extractable fractions of metals in the DSDS altogether with the growth pattern of the 

plants allowed to classify the plants in two groups, i.e. metal tolerant excluder or accumulator. Amongst the tested crops, 

all were metal tolerant and most exhibited an excluder behavior, which may favor their use in phytostabilization, a tool 

to manage polluted sites. In addition, the metal mobility in the DSDS was not increased by the plants. These results are 

required inputs to further assess potential environmental and heath exposure and risk, due to the presence of metals in 

the plants and in the DSDS, considering crop valuation after harvest.  The oral presentation will be based on a synthesis 

of outcomes of several publications (Perlein et al. 2021a,b; 2022). 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
220



 

 

Special Session 3: 84055 

 

Metal Tolerance Proteins - Versatile key players of metal homeostasis in model plants and crops 

 

Edgar Peiter 

Martin Luther University Halle-Wittenberg 

 

edgar.peiter@landw.uni-halle.de 

 

Proteins of the Cation Diffusion Facilitator (CDF) family, called Metal Tolerance Proteins (MTPs) in plants, mediate 

the efflux of metals from the cytosol for detoxification, storage, and distribution. Current understanding of the 

physiological roles of those transporters is largely restricted to model plants, and the roles of  numerous members of this 

family are still obscure. Our work identified physiological circumstances that require the activity of MTPs in the model 

species Arabidopsis thaliana. For instance, the vacuolar AtMTP8 is strongly upregulated in roots upon Fe deficiency 

and serves to sequestrate Mn, which otherwise would inhibit the Fe acquisition machinery. AtMTP8 furthermore serves 

to store Mn in the embryo for efficient germination, and it confers the interim storage of mobilized Fe during 

germination. Another Mn- and Fe-translocating AtMTP member operates in xylem loading and the redistribution of Mn 

and Fe in roots and leaves. Our recent studies on two crops, Lupinus albus (white lupin) and Beta vulgaris (sugar beet), 

revealed that the toolbox of MTPs is employed with a high versatility that cannot be directly inferred from the 

Arabidopsis model. In L. albus, large amounts of Mn are accumulated in leaves due to rhizosphere alterations upon P 

deficiency. Unlike in Arabidopsis, this high Mn load transcriptionally induces LaMTP8.1 in leaves, conferring the 

sequestration of Mn in mesophyll vacuoles. A characterization of all MTPs in B. vulgaris, including subcellular 

localization, substrate selectivities, and transcriptional regulation upon exposure to metal deficiencies and toxicities, 

revealed unexpected deviations from their Arabidopsis counterparts. For instance, in contrast to Arabidopsis, Mn- and 

Zn-sequestrating BvMTPs were not induced in Fe-deficient roots, pointing to differences in the Fe acquisition 

machinery, while high Zn load caused a massive upregulation of Zn-BvMTPs. The results suggest that the employment 

of the CDF toolbox is highly diverse amongst dicots. 
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Special Session 3: 84272 

 

Plasma membrane-localized transporter NREET1 is responsible for rare earth element uptake in 

hyperaccumulator Dicranopteris linearis 

 

HongXiang Zheng¹, WenShen Liu¹, Yue Cao¹; Rongliang Qiu² and YeTao Tang¹ 

¹ Sun Yat-sen University, ² South China Agricultural University 

 

349869368@qq.com 

 

Rare earth elements (REEs) are critical for an increasing number of technological applications, including clean energy, 

electric vehicles and electronic devices. However, REE mineral reserves are depleting, recycling yields are extremely 

low, and the production steps are resource intensive with a huge carbon footprint. Some plant species are able to 

hyperaccumulate REEs, and their biology could play a pivotal role in developing more environmentally-friendly REE 

recovery technologies. The mechanisms by which plants take up and control REEs remain poorly understood. To 

develop plant-based REE recovery technologies, we identified a REE-specific transporter NREET1 (NRAMP Rare 

Earth Element Transporter 1) from the REE hyperaccumulator fern Dicranopteris linearis. Although NREET1 belongs 

to the NRAMP (natural resistance-associated macrophage protein) family, it shares a low similarity with other NRAMP 

members. When expressed in yeast, NREET1 exhibited REE transport capacity, but cannot transport divalent metal 

such as zinc, nickel, manganese or iron. Expression studies in yeast and Arabidopsis thaliana revealed that NREET1 is 

localized predominantly in the plasma membrane of roots. Compared to the wild-type species, heterologous expression 

of NREET1 in Arabidopsis resulted in increased REE uptake and transfer from root cell walls into the cytoplasm. 

Moreover, NREET1 has a higher affinity for transporting light REEs compared to heavy REEs, which is consistent to 

the preferential enrichment of light REEs in field-growing D. linearis. We therefore conclude that NREET1 is a plasma 

membrane-localized REE transporter, which may play an important role in the uptake and consequently 

hyperaccumulation of REEs in D. linearis. This is the first REE transporter reported in plants, opening a new perspective 

for understanding the REE uptake mechanism and laying the foundation to better understand the biological effects of 

REEs in plants. Moreover, heterologous expression of NREET1 enhanced the REE accumulation in the model plant, 

demonstrating a potential application of synthetically engineered plants for recovering valuable REEs from the 

environment. 
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Special Session 3: 84325 

 

Zn-tropism: signal detection and control over the growth direction – the many ways for plants to 

explore and exploit environment 

 

Oskar Siemianowski 

University of Warsaw  

 

o.siemianowski@uw.edu.pl 

 

Plants provide almost all the calories and microelements needed for the human diet. Plant productivity depends mostly 

on water access and nutritional uptake. Conventional approaches to increase plant nutritional value (biofortification) 

include increasing nutrient uptake, facilitating root-to-shoot nutrient translocation, and increasing relocation (transport) 

of microelements into the seed. Increasing the efficiency of plant roots to find micronutrients in soil could support those 

efforts! The phenomena of plant sensing and moving toward source of nutrients is called chemotropism (or 

nutritropism). The mechanism of sensing nutrients and control over the growth direction toward microelements is a 

subject of intense research but not many results. This is partially due to limited visibility of roots during growth or lack 

of control on the distribution of elements in the growth medium. I developed an affordable custom tools to overcome 

those issues: (i) a hydrogel-based transparent soil and (ii) a paper microfluidic growth platform. Both allow for in situ 

root tracking and provide spatial distribution of water/nutrients access points. Using those tools, I showed a unique 

mechanism of water potential independent hydrotropism of the whole root system of Brassica rapa. Using the same 

tools, we are currently investigating the potential mechanisms that would allow roots to turn toward Zn source (Zn-

tropisms). Our focus is on the role of the cell wall and its flexibility that depends on the cation that crosslinks the 

homogalacturonan. Zn ions have more affinity and result in more rigid pectin gels. Our hypothesis is that the root Zn-

tropism mechanisms, might result from the contact of one of the root sites with Zn, which would cause stronger pectin 

crosslinking, resulting in less flexible CW and decrease cell elongation. On the other root side, without Zn, cell wall 

would be relatively more flexible and therefore, cells would elongate, promoting root turning toward Zn. 
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Special Session 4: 81736 

 

Can soil/plant health be improved via remediation efforts in heavy metal-contaminated alluvial mine 

tailings sediment deposits? 

 

Jim Ippolito¹, Liping Li² and Travis Banet MS³  

¹ Colorado State University, ² Henan University of Technology, ³ University of Kentucky 

 

jim.ippolito@colostate.edu  

 

The Leadville Mining District in central Colorado, USA began in 1860, extracting over $2 billion USD (current value) 

in precious metals over its 140 year history.  Unfortunately, mining operations and pyritic deposits contributed to metals 

contamination in surface/ground waters, ultimately decimating parts of the food chain.  Some sediments contained > 

30,000 ppm available Zn; subsequently sites were devoid of vegetation leading to enhanced erosional losses. The 

location was deemed US EPA Superfund site.  In 1998, a study began to prove that alluvial mine tailings’ acid-generating 

potential can be reduced via lime application (224 Mg ha-1), and the addition of biosolids (224 Mg ha-1) in conjunction 

with native seed mixes could help reclaim these locations.   

In 2019, we revisited Leadville to access reclamation success on soil health, plant metal accumulation, and the potential 

positive or negative long-term environmental effects.  Four transects were located on-site, corresponding to past 

locations that contained varying heavy metal concentrations yet with ~ the same soil pH. Five soil samples were 

collected along each transect to 15-cm; all plants were collected within a 1-m quadrant next to each soil sampling 

location.  Five additional soil samples were collected on-site in areas represented by seeps, where no plants were growing 

and soil surface metal salt precipitates were present.  We utilized the Soil Management Assessment Framework (SMAF) 

to ascertain changes in soil health between on-site locations, and overlaid this data with plant metal concentration data.  

We found that soil organic C, aggregate stability, bulk density, microbial biomass C, pH, EC, and extractable P and K 

were important soil health indicators, indicative of soil reclamation success.  Unfortunately, SMAF does not ascertain 

differences in bioavailable heavy metals, which were still elevated at locations across the site, leading to excessive plant 

heavy metal accumulation even though plants did not show toxicity symptoms.  We anticipate this work leading towards 

a framework to ascertain soil-plant health on heavy metal contamination mine land locations. 
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Special Session 4: 83588 

 

Remediated contaminated sediments and bioturbation  

 

Anna Sophia Knox 

Savannah River National Laboratory 

 

anna.knox@srnl.doe.gov 

 

A challenge to all sediment remediation technologies is the continued influx of contaminants from uncontrolled sources 

following remediation. However, contaminants deposited on sediments remediated with chemically active sequestering 

agents may be affected by the sequestering agents resulting in reduced impacts.  We deposited sediment contaminated 

with As, Cd, Cu, Pb, and Zn over clean sediment capped with the sequestering agent, apatite, and clean uncapped 

sediment in laboratory mesocosms to simulate the recontamination of remediated sediment by influxes of particle-bound 

contaminants. Cap effectiveness was assessed in the presence and absence of the bioturbating organism Corbicula 

fluminea based on metal fluxes to sediment pore water and surface water, the distribution of dissolved and labile 

contaminants in sediment and surface water measured by Diffusive Gradients in Thin Films, and contaminant 

bioaccumulation by Lumbriculus variegatus. The metal sequestration capacity of apatite caps was unaffected or 

improved by bioturbation for all elements except As.  Effects with uncapped sediment were metal specific including 

reductions in the bioavailable pool for Ni, Cd, and to a lesser extent, Pb, increases in the bioavailable pool for As and 

Cu, and little effect for Zn.  It is likely that the reductions observed for some metals in uncapped, clean sediment were 

the result of burial and dilution of contaminated sediment combined with chemical processes such as sequestration by 

iron compounds. These results indicate the effectiveness of apatite active caps for the control of sediment 

recontamination by metals but point to the complexity of sediment recontamination and the need for further study of 

this problem. 
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Special Session 4: 83667 

 

Soil health alterations in natural and remediated heavy metal contaminated soils 

 

Egondu Umeobi¹, Thomas Ducey², Mark Johnson³ and Jim Ippolito1 

¹ Colorado State University, ² USDA-ARS; ³ U.S. Environmental Protection Agency 

 

egondu.umeobi@colostate.edu 

 

The Oronogo-Duenweg mining belt is a designated United States Environmental Protection Agency Superfund site due 

to Pb-contaminated soil and groundwater by former mining and smelting operations. In sites that have undergone 

remediation, the C horizons have been exposed after removal of the O, A, and B horizons where Pb contamination was 

present. Subsoils of the sites typically contain excessive Cd and Zn concentrations likely due to years of leaching, and 

in combination with a lack of organic matter, nutrients, and microbial activity, are incalcitrant to revegetation efforts. 

To improve soil conditions and encourage successful site revegetation, we recently monitored locations that were 

naturally revegetated, locations that had received 0, 180, or 360 Mg/ha of compost in 2016, or locations that had received 

360 Mg/ha of compost in 2018 and 2021. We utilized the Soil Management Assessment Framework to identify changes 

in soil physical (bulk density, water stable aggregates, texture), chemical (pH, EC), nutrient (plant-available P and K), 

biological (SOC, potentially mineralizable N, microbial biomass C, beta-glucosidase activity), and overall soil health.  

In addition, we utilized bioavailable heavy metal soil concentrations across sites to identify additional changes in soil 

health that might affect ecosystem services.  The goal of this project is to begin to develop a risk assessment framework 

for future soil restorative efforts in heavy metal contaminated ecosystems. Results will be discussed. 
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Special Session 4: 84078 

 

From spoils to soils: Lessons learned using biochar to reclaim mining-impacted, heavy-metal laden 

lands for public use 

 

Thomas Ducey¹, Jim Ippolito², Kristin Trippe¹, Kurt Spokas¹, Donald Watts¹ and Mark Johnson³ 

¹ USDA-ARS, ² Colorado State University, ³ US EPA 

 

thomas.ducey@usda.gov 

 

There are over a thousand locations scattered across the United States that have been placed on the US National Priorities 

List, often referred to as Superfund sites. These sites are given this designation due to their high levels of pollutants 

requiring a long-term response to clean up the hazardous materials that contaminate the local soils and waterways. Many 

of these Superfund sites are the result of heavy-metal contamination which pose a danger to human health, disrupt 

ecosystem services, and make the land otherwise unsuitable for animal and/or human recreation or habitation. Over the 

past decade, two of the premier research agencies of the United States, the US Department of Agriculture’s Agricultural 

Research Service, and the US Environmental Protection Agency, have developed an interagency cooperation to develop 

management techniques to address the remediation of heavy-metal contamination, particularly cadmium and zinc, from 

Superfund site soils. One of the most promising methods has been the utilization of specifically designed biochars. This 

presentation will focus on some of the research highlights over the past decade as these teams examined the use of these 

biochars to improve the physical, chemical, and biological characteristics of mining-impacted, Superfund site soils. 

Examples from two sites in particular, Formosa Mine in Oregon, and the Oronogo-Duenweg Mining Belt in Missouri, 

will be referenced. 
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Special Session 5: 81009 

 

Anthropogenic metal loads in nearshore sediment along the coast of China mainland interacting with 

provincial socioeconomics in the period 1980 – 2020 

 

Shen Yu and Xun Liu  

Institute of Urban Environment, Chinese Academy of Sciences 

 

xliu@iue.ac.cn 

 

Metal pollutions have been accused of consequences of the anthropogenic activities but few quantitative delineations 

between environmental metal loads and socioeconomic development presented. A meta-data analysis study was carried 

out on metal loads in coastal sediment in the provinces of China mainland reported in literature in the period 1980 - 

2020. Eight metals with well-recognized anthropogenic sources were selected including arsenic (As), cadmium (Cd), 

chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn). Screened with three criteria, a total of 

1,173 records from 405 published studies were finalized as the metal loads dataset in coastal sediment. Evident 

provincial patterns were observed among the selected metals but element dependent after transformed to sample number 

weighted contents (Cw). Against the regional marine backgrounds, anthropogenic increment rate (Ranthrop) of metal 

loads in nearshore sediment presented better provincial differentiation with the extremes at 7.58 for As and 62.13 for 

Cu in Guangdong, 91.25 for Hg in Zhejiang, 3.19 for Ni in Tianjin, 7.72 for Pb in Fujian, and 13.51 for Zn in Liaoning. 

Metal loads in coastal sediment could be explained by characteristic industries in the provinces. Nearshore sediment in 

Guangdong had high risk to metal loads and other provinces at low - to - medium risk to the lowest thresholds of 

sediment quality guidelines in China and USA. Canonical correlations identified considerably interactive explanations 

between integrative hazard quotients (ƩHQ) of the selected metals in nearshore sediment and non-agricultural GDP per 

capita of non-agricultural population/urban population percentile provincially but few significant fittings by the classic 

environmental Kuznets Curve model quantitatively. Findings of this study explored uncertainty from both sides in 

explaining the interactions, i.e., data integrity of metal loads in coastal sediment in literature and appropriation of 

socioeconomic indicators in relation to metal emission industries. 
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Special Session 5: 83626 

 

Exposure assessment of a freshwater ecosystem to tungsten-based nanomaterials using indoor 

mesocosms 

 

Amazigh Ouaksel¹, Andrea Carboni¹, Danielle Slomberg¹, Vladimir Vidal¹, Lenka Brousset², Bernard Angeletti¹, Alain 

Thiéry², Jerome Rose³ and Melanie Auffan³ 

¹ CEREGE, CNRS, Aix Marseille Univ, IRD, INRAE, Aix-en-Provence, France, ² CNRS, Aix-Marseille Université, 

CNRS, IMBE, UMR 7263, Marseille, ³ CEREGE, CNRS, Aix Marseille Univ, IRD, INRAE, Aix-en-Provence, 

France /  Civil and Environmental Engineering, Duke University, Durham, NC, United States 

 

ouaksel@cerege.fr 

 

Tungsten and tungsten oxide nanomaterials are being increasingly used in a wide range of emerging technologies. 

Thanks to their structural, photocatalytic, photothermal and electrochromic properties, W-based nanomaterials are of 

major interest for energy generation, conversion and storage (Satyen K. Deb., 2008; Wuet al., 2019). Despite the great 

opportunities that these nanomaterials can offer, it is important to anticipate the potential environmental risks associated 

with W release during production, use, and at the end of life of these technologies. For instance, regarding energy 

production, tungsten is foreseen as plasma facing components in nuclear fusion reactors, ITER project (Pitts et al., 2013). 

Unfortunately, the interaction between plasma and tungsten leads to the generation of fine tungsten particles. Among 

these particles, the fraction between 100-300 nm can pass High Efficiency Particulate Air filters (HEPA) in case of Lost 

of Vacuum Accident (LOVA) and thus reach the atmosphere and potentially contaminate natural environments (Huang 

et al., 2007; Sanles Sobrido et al., 2019). 

The aim of our works is to assess the exposure of a freshwater ecosystem to W-based nanomaterials, using indoor aquatic 

mesocosms which are considered as a robust experimental design to study the exposure and impact of nanomaterials. 

Experiments were conducted in twelve 16 L-mesocosms simulating a lentic ecosystem represented by natural 

picoplanktonic and picobenthic communities, one macro algae (Chara vulgaris), one macrophyte (Ranunculus aquatilis) 

and a benthic grazer (Physella acuta) associated with different ecological niches. Mesocosms were chronically 

contaminated with W or WO3 nanomaterials during 4 weeks to reach nominal concentration of 700 µg. L-1 at the end 

of the experiment.  

The partitioning in the ecosystems, the mechanisms of (bio)transformation and (bio)distribution of W-based 

nanomaterials were assessed by inductively coupled plasma mass spectrometry and High-Energy Resolution 

Fluorescence Detected X-Ray Absorption Spectroscopy. These results will be discussed in term of potential speciation-

dependent biological effects of W-based nanoparticles, and trophic transfers under a realistic exposure scenario (chronic 

low-level additions of W, mid-term exposure). 
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Special Session 5: 83748 

 

Assessment of concentrations and geochemical backgrounds of Technology Critical Elements (TCE) 

in hydrosystems: analytical developments and application to Rhône River 

 

Aymeric Dabrin¹, Lysiane Dherret¹, Alexandra Gruat¹, Ghislaine Grisot¹ and Jean-François Berger² 

¹ INRAE, RiverLy, F-69625 Villeurbanne, France, ² Université Lyon 2, UMR CNRS 5600 EVS  

 

aymeric.dabrin@inrae.fr 

 

For several decades, some trace elements have seen their production increase, directly linked to their use in many new 

technologies (car industry, telecommunications, medicine…). Due to their importance in the world of new technologies 

and in order to secure their availability in future years, these elements were categorized as “Technology-Critical 

Elements” or TCE. These elements include rare earth elements (REE : Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 

Yb, Lu), platinum group elements (PGE : Pt, Pd, Rh, Os, Ir, Ru), and other less-studied elements (LS-TCE) such as Ga, 

Ge, In, Te, Nb, Ta, Tl. To highlight a possible modification of their natural concentrations in the hydrosystems, this 

suggests to target a receiving environment prone to record this modification over time, such as sediments. Nevertheless, 

the assessment of TCE concentrations represents an analytical challenge, due to their very low concentrations (~µg/kg) 

and to potential interferences occurring during ICP-MS analyses. In this context, the aim of this study is to determine 

the current concentrations of TCE in contemporary sediments of the Rhône River (France) and to compare these levels 

with those in pre-industrial sediments. In order to quantify them at very low concentrations, we first optimized the 

mineralisation procedure by using HBF4 instead of using a tri-acid mineralisation (HNO3, HCl, HF), allowing to work 

on a larger amount of sediment (~250 mg) and to lower the limit of quantification. The validation of the method was 

carried out by using 2 different certified reference materials (MESS-4, TDB-1). To overcome spectral interferences, we 

used the latest generation of ICP-MS-MS using different collision or reaction gaz (He, H2, O2, NH3) and online gaz 

dilution. Then, the method was applied on a sediment core sampled at the outlet of the Rhône River covering the 1980-

2017 period. To assess geochemical background concentrations of TCE, we also applied our method on sediment cores 

retrieved from paleochannel of the Rhône River (AD 3-1878). 
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Special Session 5: 84153 

 

Critical evaluation of the chemical speciation of Pt in natural waters - Implications for its geochemical 

behaviour 

 

Antonio Cobelo-García¹, Charlotte Catrouillet and Jörg Schäfer 

¹ Instituto de Investigaciones Marinas (IIM-CSIC) 

 

acobelo@iim.csic.es 

 

The solution speciation and geochemistry of trace elements is required in order to study and predict their biogeochemical 

behaviour (reactivity, transport, fate, toxicity) in natural systems. To this end, thermodynamic and kinetic models that 

accurately describe their interactions in the environmental compartments are needed. The solution speciation of platinum 

in natural waters has been, however, poorly characterised, and the available speciation calculations given in the literature 

are not fully consistent, which currently limits the interpretation of its biogeochemical behaviour in natural waters and 

ecotoxicity. For example, it is still a matter of controversy whether Pt(II) or Pt(IV) is the dominant redox form in natural 

waters at surface conditions. Also, the stability constants with some inorganic ligands that are expected to play a 

significant role on Pt speciation are still unknown or the reported data are not consistent, and only estimates have been 

provided. On the other hand, an important fraction of trace elements in natural waters is known to be complexed with 

natural organic matter (NOM); although several papers report the interaction of Pt with NOM, the stability constants of 

their complexes have not been calculated yet. 

The present work, therefore, constitutes a critical review of the literature dealing with the speciation of dissolved Pt (II 

and IV) in natural waters. Calculations of the ‘best’ estimation of their speciation based on the critically-selected stability 

constants will be given and compared with available experimental speciation data and results will be discussed regarding 

the implicationf for the Pt geochemical behaviour. 
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Special Session 5: 84223 

 

Effects of Rare Earth Elements on aquatic organisms under a changing environment 

 

Catia Figueiredo, Pedro Brito, Miguel Caetano and Joana Raimundo 

 

catia.figueiredo@ipma.pt  

 

High-technology society is increasingly reliant on technology-critical elements, such as Rare Earth Elements (REE). 

These are vital to “environmental-friendly” technologies and medical applications (MRI contrasts). With growing REE 

applications, emission to aquatic ecosystems rises. REE, and abiotic variations, such as climate change (CC)-related 

ones, represent a major environmental challenge. Their combined effects are poorly understood; hence, the main 

objective of this work is to undertake their bioaccumulation, elimination, and interaction by assessing biochemical 

strategies of several taxonomic groups (sponges, fish, bivalves, and algae). The findings show that coastal and deep-sea 

biomonitoring species (mussels and sponges) can accumulate REE, mimicking environmentally available and seasonal 

changes in REE concentrations. Although described as chemically coherent, Lanthanum (La) and Gadolinium (Gd) 

behave differently, and their bioavailability changes with water salinity. Lanthanum accumulation in Anguilla anguilla 

exposed to 120 ng L-1 peaked after 3 days and decreased even in a continuously exposed medium. When exposed to 1.5 

μg L-1 La and warming, the accumulation was exacerbated, and the elimination was less effective. Ruditapes 

philippinarum exposed to 0.3 and 0.9 μg L-1 La accumulated after two days in a dose-dependent manner. Spisula solida 

exposed to 15 μg L-1 La, or 10 μg L-1 of Gd and CC evidence accumulation after 24h, but a 7-day elimination phase was 

insufficient, however, warming enhanced it. La and Gd triggered an insufficient biochemical response. La and Gd 

accumulation in Ulva rigida occurred in 24h and in a near future scenario triggered an overproduction of reactive oxygen 

species that requested a superior antioxidant response. Organisms’ responses were species-specific, element-specific, 

and dose-specific, suggesting that understanding REE accumulation and toxic responses in the near future is 

exceptionally intricate. Nonetheless, this work emphasizes that REE accumulation and toxic effects may be exacerbated 

by CC, imposing deleterious consequences on species in our rapidly changing environment. 
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Special Session 5: 84712 

 

Indium oxide nanoparticles in synthetic aqueous media, including seawater. Tracking their 

dissolution kinetics and equilibrium with AGNES 

 

Josep Galceran, Kevin Rosales-Segovia, Encarna Companys Ph and Jaume Puy 

Universitat de Lleida and AGROTECNIO-CERCA 

 

josep.galceran@udl.cat 

 

Indium oxide (In2O3) nanoparticles (NPs), extensively produced by the electronic industry, can eventually reach natural 

waters and partially or totally dissolve to generate released indium (III). The speciation of this dissolved In can be 

relevant for ecotoxicological purposes. The very relevant free metal ion concentration, [In3+], can be measured with the 

electroanalytical technique AGNES (Absence of Gradients and Nernstian Equilibrium Stripping) which has been 

applied to determine free Zn(II), Cd(II) and Pb(II) ion concentrations in many matrices. Moreover, AGNES can 

determine the free ion concentration in the presence of nanoparticles without a prior separation step (based in a not-

always- successful ultracentrifugation), as shown in the case of ZnO nanoparticles. So, AGNES is specially suited to 

follow the dissolution process of In2O3-NPs. Dispersions with an excess of In2O3-NPs in 0.1 mol L-1 KNO3 at pH from 

2 to 8 were incubated at 25°C with shaking for half a year. Dispersions with bulk In2O3 (pH 3) or NPs in synthetic 

seawater (pH 8) were also prepared. [In3+] was determined with AGNES at approximately regular intervals. At low pH 

values, the dissolution could not attain an equilibrium value in 180 days. Bulk In2O3 at pH 3 dissolved slowlier than the 

NPs at the same pH.  

Equilibrated free indium concentrations for pH 4 and 5 and in seawater (pH 8) were found to decrease according to the 

predictions of the solubility products of either In(OH)3 or In2O3 (a 1000 fold decrease for each pH unit increase). NPs 

in the synthetic seawater were equilibrated in less than just 18 days, yielding an average (up to 196 days) free indium 

concentration of 1.03 attomoles per liter.   

 
Acknowledgement: Support from the Spanish Ministry of Science and Innovation (projects PID2019-107033GB and 

PID2020-117910GB-C21 funded by MCIN/AEI/10.13039/501100011033) and from FISDUR-Generalitat de Catalunya 

(KRS). 
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Special Session 5: 84839 

 

Applying the One Health concept to platinum mining activities: a South African case study 

 

Johannes H. Erasmus¹, Nico J. Smit¹, Sonja Zimmermann², Wynand Malherbe¹, Bernd Sures² and Victor Wepener¹ 

¹ Water Research Group, North-West University, South Africa, ² Universität Duisburg-Essen 

 

hannes.erasmus@nwu.ac.za 

 

The One Health concept is a unifying and integrated approach that aims to sustainably optimize and balance the health 

of animals, people and ecosystems. It contributes to the protection of ecosystems and their biodiversity, as well as to 

people who utilize ecosystem services. Mining activities can have detrimental effects on the environment, especially on 

aquatic ecosystems, as well as on people living in the vicinity. Although South Africa supplies most of the world’s 

platinum (Pt) and thus covers most of the increasing demand for this technology critical element, limited studies have 

been undertaken to establish the effects of these mining activities on socio-ecological attributes. In the present study, 

the effects of Pt mining activities in the Rustenburg area, South Africa, on different aspects of ecosystem and human 

health were investigated. We detected effects on aquatic macroinvertebrate community structures and a high level of 

concern for sediment dwelling organisms according to the Consensus-Based Sediment Quality Guideline (CBSQG) 

based on sediment concentrations of the by-elements As, Cr and Ni. Fish is an important protein source for the local 

human population. Risk assessment revealed non-carcinogenic (As) and carcinogenic (As, Cr, Ni) human health risks 

associated with the consumption of local contaminated fish (Cyprinus carpio, Clarias gariepinus, Oreochromis 

mossambicus). The maximum safe fish consumption limit per day was determined to be ≤ 20 g/day, depending on fish 

species and locality. All of these effects were based on by-elements, as no threshold values exist for Pt. Interestingly, 

both the CBSQG and the human risk assessment identified a health risk with respect to As, Cr, and Ni, although none 

of these elements posed a risk with respect to water quality guidelines. 
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Special Session 5: 84882 

 

Impact of platinum-mining on aquatic ecosystems in South Africa: From exposure to effects 

 

Sonja Zimmermann¹, Johannes H. Erasmus², Victor Wepener², Nico J. Smit PhD² and Bernd Sures¹ 

¹ University of Duisburg-Essen, ² North West University 

 

sonja.zimmermann@uni-due.de 

 

Platinum belongs to the technology critical elements and is used worldwide, mostly in automobile catalytic converters. 

South Africa is the world's largest producer of Pt. The increasing demand for this noble metal is accompanied by intense 

mining and production activities. However, there is a great lack of knowledge about the impact of such mining activities 

on the adjacent aquatic ecosystems. Thus, we conducted a case study in the Hex River system of the Rustenburg area 

located in the Bushveld Igneous Complex in South Africa focusing on the potential impact of Pt-mining on aquatic 

ecosystems. The results revealed that the natural Pt background in the Hex River is already high, but mining activities 

increased Pt concentrations in river water and sediment. Additionally, higher Pt concentrations were found in various 

aquatic macroinvertebrate and fish species at mining-impacted sites than at reference sites, demonstrating the 

bioavailability of Pt emitted from these mines. Furthermore, effect monitoring demonstrated a decrease of glutathione 

(GSH) levels and an increase of lipid peroxidation in the liver of fish (Common carp) caught in a mining-impacted 

impoundment compared to a reference impoundment, while other biomarkers such as metallothioneins (MT), catalase 

(CAT) and superoxide dismutase (SOD) activities were not affected. Moreover, laboratory toxicity tests using the Zebra 

mussel Dreissena polymorpha revealed significant effects on oxidative stress (i.e. CAT activity) starting at 0.1 µg Pt/L 

(lowest exposure concentration tested), which is within the range of Pt concentrations found in water from mining-

impacted sites. Unfortunately, no environmental quality standards for Pt are available so far. However, the present 

results indicate that Pt poses a health risk for aquatic organisms in the investigated river system, which is in addition to 

the health risk of by-elements such as As, Cr, and Ni. 
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Special Session 5: 85180 

 

Novel automated non-chromatographic method for the speciation analysis of tellurium in natural 

waters at relevant sub ng L-1 concentrations 

 

 Adrián García Figueroa, Stanislav Musil and Tomáš Matoušek 

Institute of Analytical Chemistry of the Czech Academy of Sciences 

 

garcia@iach.cz 

 

This work reports the development of an automated high-throughput (36 h-1) non-chromatographic method for the ultra-

sensitive speciation analysis of tellurium (TeIV and TeVI) in natural waters at relevant concentrations. Flow injection 

hydride generation (HG) was concatenated with inductively coupled plasma triple quadrupole mass spectrometry (ICP-

MS/MS). The capability of ICP-MS/MS for the spectral free determination of the most abundant tellurium isotopes, 

128Te and 130Te, was explored. A combination of O2+He gases in the reaction cell reduced significantly the background 

signals and eliminated the interferences caused by xenon. HG was used a speciation strategy as well as to improve the 

analyte introduction efficiency. Thus, H2Te was generated by HCl/NaBH4 reaction from TeIV. Both species can be 

cogenerated (TeIV+VI) when pre-reduction of TeIV is applied with TiCl3. Optimal conditions and pre-reduction kinetics 

in different sample stabilization media were studied. No significant differences were observed in the sensitivity for TeIV 

before/after pre-reduction and for reduced TeVI, and no matrix effects were observed in fresh and sea waters. 

Unprecedent limit of detection of 0.07 ng L-1 was achieved. This methodology was successfully applied for the 

speciation analysis of tellurium in commercially available certified reference materials of riverine and sea water, in 

bottled and lake water samples. 

The study provides comparative values on reference materials for researchers and analytical chemists working in the 

field. Simple, fast, and effective method for the speciation analysis of tellurium in natural waters enables researchers to 

understand the occurrence and behavior of this element in the environment, the biogeochemical cycling of tellurium, 

and the assessment of the potential impact of human activities on the environment. 

 
Acknowledgement: The Authors thank Czech Science Foundation (23-06530S) and Academy of Sciences of the Czech 

Republic (RVO 68081715 and Strategy AV21- VP20-Water for Life) for valuable support. 
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Special Session 5: 85247 

 

Distribution and sources of rare earth elements in surface sediments of Ria de Aveiro, Portugal 

 

Pedro Aboim de Brito¹, Bárbara C. Ribeiro², Rute Cesário², Miguel Caetano¹, Mário Pacheco³ and João Canário² 

¹ IPMA - Instituto Português do Mar e da Atmosfera, ² Instituto Superior Técnico, Universidade de Lisboa,                  

³ Universidade de Aveiro and CESAM 

 

pbrito@ipma.pt 

 

Lanthanides, together with yttrium (Y) and scandium constitute a group of 17 coherent elements, commonly called rare 

earth elements (REE) and already recognized as Technology-Critical Elements (TCEs). REE are widely used in a wide 

range of applications and due to the widespread use, there has been an increased input into the aquatic environment, 

particularly in estuaries and coastal lagoon systems, already recognized as natural sinks of REE. 

Ria de Aveiro is a coastal lagoon located on the Western Atlantic coast of Portugal, covering an area between 66 km2 

and 83 km2 at a low and high spring tide, respectively. It is characterized by a series of channels among intertidal areas 

such as mudflats, salt marsh and old saltpans that connect to the ocean through a single artificial inlet fixed by two 

breakwaters at the entrance. The granulometry and composition of the sediments in the Ria de Aveiro are highly variable, 

with bottom sediments of most channels with strong current mainly composed of sand, while in some places, the gravel 

fraction increases, due to the biogenic contribution. Particulate matter transported by the rivers that reach the Ria de 

Aveiro is essentially composed of fine and cohesive sediments, corresponding to the granulometry of the sediments of 

the intertidal plains, salt marshes, harbours and shipyards. 

Surface sediment samples were collected along the Ria de Aveiro, in 119 locations, to study the geographic distribution 

and sources of REE contents. The sediments were dried, homogenized and ground, and REE levels determined by ICP-

MS (Perkin-Elmer NexION 2000C). Yttrium and total REE concentrations varied between 0.55 and 16 mg kg-1 and 4.3 

and 133 mg kg-1, respectively, showing a preferential association with fine-grained sediments. PAAS (Post-Archean 

Australian Shale) normalized patterns show two distinct patterns of REE fractionation, characterized by a depletion of 

all REE in relation to the shale and an enrichment of europium. No significant cerium anomalies were observed in these 

surface sediments. 
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Rare earth elements uptake and accumulation in hyperaccumualtor plants 

 

Wen-Shen Liu¹, Hong-Xiang Zheng¹, Chong Liu¹, Yue Cao¹, Ye-Tao Tang¹ and Rong-Liang Qiu² 

¹ Sun Yat-sen University, ² Sun Yat-sen University, South China Agricultural University 

 

liuwsh8@mail.sysu.edu.cn 

 

Only a very small number of plant species, i.e., hyperaccumulators, can assimilate >1000 mg kg-1 rare earth element 

(REEs) in the shoots, which is 2-3 orders of magnitude higher than that in normal plant leaves. The exploration of the 

underlying mechanisms controlling the REEs uptake and accumulation in these hyperaccumulators thus attracts 

extensive attention worldwide. In the past 10 years, our team has been trying to gain a deep understanding of the fate of 

REEs in the soil-hyperaccumulator plant system, by integrating knowledge from soil science, plant physiology, 

molecular biology, ecology and so on. In the soil-root interface, we found that P-deficiency induced rhizosphere 

acidification and small organic acids exudation play a critical role in soil REEs releasing and activation, and subsequent 

leaf REEs hyperaccumulation. During the uptake process, we found that Al/Ca/Mn pathways may involve in REE root 

uptake; we also identified a root-based transporter NREET1 from NRAMP family in the hyperaccumulator plant 

Dicranopteris linearis (the best-known light REEs hyperaccumulator species). NREET1 has a higher affinity for 

transporting light REEs compared to heavy REEs, which is consistent to the preferential enrichment of light REEs in 

field-growing D. linearis. During the root-to-shoot translocation in Phytolacca americana (the only known heavy REEs 

hyperaccumulator species), small organic acids facilitate the long-distance transport of REEs, especially the heavy 

REEs, playing a role in the preferential accumulation of heavy REEs in its leaves. In D. linearis shoot, the REEs were 

co-localized with Si, and mostly concentrated in the bio-inactive tissues, e.g., necrotic lesions, veins, and the epidermis. 

Moreover, Si can mitigate REE stress through the formation of [Si-cell wall] matrix, which might be the key for D. 

linearis to tolerate excessive REEs in leaves. These results provide insights on how hyperaccumulator species efficiently 

assimilate and tolerant high concentration of REEs in the shoot, and this knowledge is useful for developing 

phytotechnological applications (such as REE phytomining). 
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Special Session 6: 84330 

 

Characterisation of mineral association of rare earth elements in industry and mine wastes for 

evaluating circular economy potential 

 

Clement Layet¹, Jean-Louis Morel¹, Damien Blaudez² and Catherine Sirguey¹ 

¹ Université de Lorraine / Laboratoire Sols et Environnement, ² Université de Lorraine, CNRS, LIEC 

 

clement.layet@univ-lorraine.fr 

 

Rare earth elements (REEs) have currently an interest for the development of new technologies, especially in the field 

of renewable energies. China is the main actor of these elements and represents about 90% of the total production. This 

implies for other countries a higher dependence to a strategic market. However, REEs can be present at lower 

concentrations in some European deposits and soils. In order to diversify the supply sources, it is possible to consider 

the exploitation of REEs from Europe.  

Recent work revealed concentration of REEs exceeding 100 mg.kg-1 in iron ore from Lorraine, and in polishing glass 

powders. As this iron ore was used in metallurgy during the 20th century, we aimed to check if this past activity left 

some comparable concentrations in iron slag heaps from the steel-making industry areas. Since glass industry was also 

a major past activity in Lorraine, we thus studied the corresponding wastes areas to monitor REE concentrations, as 

REEs were included in polishing glass powders.  

The first results highlight comparable REE concentrations in iron ore slag heaps compared to those found in the bauxite 

residues ore or in some Chinese REEs mine tailings. REE concentrations were also higher than those found in iron ore 

grown soils. SEM analyses revealed that REEs are in the form of phosphate, the same form observed in the iron ore 

used in Lorraine.  Glass work slags analysis also revealed several hundred mg.kg-1 of cerium. A review of the different 

surfaces concerned by these two industrial activities, based on a dataset of industrial wastelands, allowed us to highlight 

the potential areas with REE concentrations of interest in Lorraine. These data represent useful information for the 

development of agromining-based recovery of REEs in the context of sustainable development and circular economy. 

 
Keywords: Faba bean, Seed micronutrient content, Agro-ecological zones, Plant biostimulants 
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Special Session 6: 84482 

 

Potentially toxic elements in soils and plants in a derelict Pb-Zn mining area (San Quintín mine, 

South-Central Spain). 

 

Pablo Higueras¹, José Angel Amorós¹, Jose M. Esbrí², Juan Antonio Campos¹, Francisco J. García-Navarro¹, José 

Ignacio Barquero Peralbo¹, Marta Moreno¹, Eva M. García-Noguero³, Jaime Villena¹ and Saturnino Lorenzo¹ 

¹ Universidad de Castilla-La Mancha, Spain, ² Universidad Complutense de Madrid, ³ IGeA-UCLM 

 

pablo.higueras@uclm.es 

 

The derelict San Quintín mine is located some 80 km to the East of the worldwide known Hg mine of Almadén, in 

South-central Spain. From the geological point of view, it is hosted by Preordovician shales of greywackes taken part 

of the so-called “Complejo esquisto-grauváquico”, which includes two lithologically similar sequences of Cambrian 

and Precambrian ages, separated by an orogenic disconformity corresponding to the Cadomian event.  

The mine includes two separated areas, distant some 1km. The exploitation extended since old times until year 1930, 

mainly to separate Ag-rich galena (PbS) and left a voluminous legacy of residua piles. These residua, still rich in galena 

but also in sphalerite (ZnS) were processed in a froth flotation plant, installed in the area in 1960 and which activity 

definitively ceased in 1990, still leaving some volumes of unprocessed and processed materials, both still containing 

variable concentration of potentially toxic elements, including Pb>>Zn>Cu>Sb>As. The area remained unreclamated 

since now. Since the cessation of mining and mineralurgical operations the area has been partly covered with 

spontaneous vegetation, forming discontinuous patches or scattered specimens irregularly distributed over the residua 

piles. The neighbouring areas correspond to the Dehesa type landscape, with acorn-tree (Quercus ilex) as main vegetal 

cover.  

In this study we present data on the concentrations of Fe, Pb, Zn and Hg in the most common species present in the area, 

including acorn tree (Quercus ilex, Qi); rotem (Retama sphaerocarpa, Rs); buchanweed (Hirschfeldia incana, Hi); 

common reed (Phragmites australis, Pha); ribleaf (Plantago lanceolata, Pl); dog figwort (Scrophularia canina, Sc); red 

sandspurry (Spergularia rubra, Sr); and red, or ruby dock (Rumex bucephalophorus, Rb). The results indicate that for 

Fe, Pl>>Sr>Hi=Rb>Qi>Pha>Sc>Re; for Pb, Sr>>Rb>Pl>>Qi>Sc=Hi=Rs; for Zn, Sr>Rb>>Pl>>Pha=Rs=Sc=Hi>Qi; 

and for Hg, Sr>Pl>Rb=Qi=Hi>Pha=Rs. All the elements are present over normal average concentrations in plants, and 

some concentrations are above the stablished levels of toxicity to plants. 
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Special Session 6: 84718 

 

Remediating acid mine drainage water and removing rare earth elements: A comparison of blast 

furnace slag and biomass ash with CaCO3 and NaOH as alkaline agents  

 

Dileesha Jayahansani Kotte Hewa¹, Delphine Durce¹, Sonia Salah¹, Carlos Ruiz Cánovas² and Erik Edward Smolders³ 

¹ Belgian Nuclear Research Center (SCK CEN), ² University of Huelva, Campus “El Carmen”; ³ KU Leuven 

 

dileesha.kotte.hewa@sckcen.be 

 

This study focused on comparing two different waste materials, having alkaline generation potential, 1) blast furnace 

slag (BFS) generated during smelting of iron ore in a blast furnace and 2) biomass ashes (BA) derived from combustion 

of agroforestry biomass to produce electricity, with classical alkaline agents of CaCO3 and NaOH in remediating acid 

mine drainage (AMD) water and in retaining rare earth elements (REE). It was thereby aimed at investigating whether 

those waste materials perform as good as or better than classical alkaline agents, and characterizing potentially formed 

secondary phases to understand the processes occurring during alkalinization. Batch alkalinization experiments were 

conducted by adding the alkaline materials to aliquots of AMD water collected from the Tharsis mining are in the Iberian 

Pyrite Belt until rising the pH to ~6.5. Supernatants were separated from precipitated solids by centrifugation, filtered 

(< 0.22 µm) and analyzed by ICP-MS and IC to derive the removed concentrations of elements and indications about 

secondary phase formation. The precipitated solids were characterized by SEM/EDX and XRD to identify the formed 

secondary mineral phases and get a mechanistic understanding of the REE removal. Results revealed that with respect 

to Al removal, BA is better than BFS while with respect to Mn, Cu and Zn removal, BFS is better than BA. Both BFS 

and BA are better in removing Fe than CaCO3 and NaOH. In terms of REE and sulfate removal, CaCO3 remains the 

best among all materials leading to gypsum precipitation during alkalinization which may retain REE through co-

precipitation. However, BFS efficiency was not so bad. This study showed the potential of BFS as alkaline agent for the 

remediation of AMD while BA was shown to be less promising. Further, solid characterization using LA-ICP-MS and 

synchrotron based µ-XAS, µ-XRF and µ-XRD is expected to reveal REE removal mechanism during AMD 

alkalinization.  

 
Keywords: blast furnace slag, biomass ash, acid mine water remediation, passive treatment systems, rare earth elements, 

alkalinization 
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Labile uranium at the sediment/water interface of a former mine 

 

Jose Lucas Martins Viana¹, Amauri Antonio Menegario², Jun Luo³, Anne Helene Fostier¹ and Paul N. Williams⁴ 

¹ University of Campinas, ² São Paulo State University (UNESP), ³ Nanjing University, ⁴ Queen's University Belfast 

 

lucas_martinsj@hotmail.com 

 

The Osamu Utsumi mine was the first Brazilian facility for U prospection on an industrial basis. Due to its low 

productivity, mining activities were permanently suspended in 1997. However, a considerable amount of acid mine 

drainage (AMD) is generated from the waste piles resulting from the years of U prospection. This acid runoff poses a 

severe risk to the environment. Currently, the mine is in process of minimizing environmental impacts that have been 

caused due to the years of operation. This consists in treating AMD with CaCO3, CaO, and chemical flocculants before 

its release into the environment. This work aimed to evaluate the spatial distribution of labile uranium and associated 

elements at the sediment/water interface of distinct parts of the Osamu Utsumi mine: (a) catchment ponds with untreated 

AMD; (b) ponds where AMD is treated; and (c) streams where the treated liquid effluent is released. For this, we used 

passive sampling by diffusive gradients in thin films (DGT) and diffusive equilibrium in thin films (DET) techniques 

measured by excimer 193 nm laser ablation (LA) and inductively coupled plasma mass spectrometry (ICP-QQQ-MS) 

analysis. DGT probes for sediment consisted of mixed Metsorb/chelex (covering a wide range of elements) along with 

AgI (for sulfide) binding gels. Both DET and DGT devices were deployed for 24 h. Water and sediments from each 

sampling site were also collected. The suitability of the DGT setup was validated by laboratory deployments in enriched 

solutions. Uranium concentrations up to 4,500 µg L-1 were found in water samples, and up to 665 mg kg-1 in sediments. 

More than 95% of U present in AMD ponds was in the dissolved form (<45 µm), whereas it decreased to 24% due to 

the AMD treatment. Data on the distribution of metals at the SWI is being acquired by LA-ICP-QQQ-MS. 
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Special Session 6: 84825 

 

Release, remobilization, and soil colloids-facilitated transport of heavy metals in contaminated soils 

from mining areas 

 

Miaoyue Zhang¹, Quan Wan², Can Feng¹, Jiancong Yuan¹, Xiaoming Huang¹, Man Zhao¹, Kengbo Ding¹, Chao Jin¹, 

Shizhong Wang¹, Yetao Tang¹ and Rongliang Qiu¹ 

¹ Sun Yat-sen University, ² South China Agricultural University 

 

zhangmy53@mail.sysu.edu.cn 

 

Saturated soil column experiments were conducted to investigate the release and remobilization behaviors of heavy 

metals (Pb, Zn, Cu, and Cd) in the three contaminated soils from mine tailing (MT), wasteland (MW), and contaminated 

agricultural soil (CA) of Damai mountain mining area (Guangdong, China). Soil fractionation indicated that all the 

heavy metals exhibited the highest concentration in the water-dispersible colloids compared to clay, silt, and sand 

fractions. Significant amounts of heavy metals and soil colloids release especially in CA were observed with a reduction 

of ionic strength due to the expansion of the electrical double layer, especially following cation exchange (when K+ 

displaced Ca2+). The breakthrough curves of Fe, Al, and total organic matter in the effluent were consistent with that of 

heavy metals, suggesting that soil colloids are carriers to facilitate the transport of heavy metals. The asymmetric flow 

field flow fractionation (AF4) coupled to UV and inductively coupled plasma mass spectrometry (AF4-UV-ICP-MS) 

was further conducted to determine the association between heavy metals and soil colloids in the effluent. Results 

indicated that two size fractions of soil colloids were observed in the effluent. A finer fraction between 1 and 20 nm was 

mainly associated with organic colloids and a larger fraction in the range of 50 to 150 nm was mainly composed of Fe, 

Al, and Mn. Cu, Zn, and Cd exhibited higher affinity with the organic colloids in the finer fraction of soil colloids, while 

most of Pb were distributed on the larger fraction. The results of this study suggested that environmental effects like 

rainfalls, which will result in perturbation of soil solution, including ionic strength reduction and cation exchange, would 

induce heavy metals release into the groundwater and surrounding areas, which provided effective theoretical support 

for the prevention, control, and remediation of soil contamination by heavy metals. 

 
 
 
 
 
 
 
 
 
 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 243

mailto:zhangmy53@mail.sysu.edu.cn


 

 

Special Session 6: 85095 

 

Novel biological aqua crust enhances in situ metal(loid) bioremediation driven by 

phototrophic/diazotrophic biofilm 

 

Guobao Wang¹, Xiuran Yin², Rongliang Qiu¹ and Shizhong Wang¹ 

¹ Sun Yat-sen University, ² University of Bremen 

 

wanggb25@mail.sysu.edu.cn 

 

Phototrophic biofilms are potential candidate for pollutant sequestration from water bodies, thereby relieving the 

harmful impact by toxic chemicals such as heavy metals and metalloids. However, their functions related to metal(loid) 

bioremediation, e.g. metal(loid) immobilization, are not yet fully understood. Here, in combination of metal(loid) 

monitoring, 16S rRNA gene and metagenomic sequencing, we systematically evaluated the role of biofilm in a novel 

biological aqua crusts (BAC) on in situ metal(loid) bioremediation of aquatic ecosystems. We observed a strong 

accumulation of potential bioavailable metal(loid)s (e.g. Cd, As) as well as obvious phototrophic biofilm in the BAC. 

The biofilm was mainly composed of Cyanobacteria (20.3-24.7%), Bacteroidota (21.0-31.2%) and Proteobacteria (26.3-

32.0%) as the three most dominant taxa. Along with the predominant heterotrophs (e.g. Cytophagales sp.) as well as 

diazotrophs (e.g. Hyphomonadaceae sp.), the autotrophs/diazotrophic (e.g. Leptolyngbyaceae sp.) in the phototrophic 

biofilm enriched the genes encoding extracellular peptidase (e.g. family S9, S1, S8), CAZymes (e.g. family CBM50, 

GT2) and biofilm formation (e.g. OmpR, CRP and LuxS) based on the analysis of metagenome-assembled genomes 

(MAGs). In addition to metal(loid) scavenging, phototrophic biofilm also functioned as the nutrient (e.g. carbon, 

nitrogen) assimilator, which is expected to improve water quality. Thus, phototrophic biofilm constitutes the structured 

communities containing both autotrophs and heterotrophs, aggregating metal(loid) and nutrients in an effective way in 

aquatic environments. Taken together, our work provides a novel and fundamental insights into the specific 

bioremediation mechanisms of metal(loid) input in the aquatic ecosystem by human activities. 
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Special Session 6: 85228 

 

Microbial mechanisms of metal(loid) immobilization by biological soil crusts in tailing wetlands 

 

Zekai Feng¹, Rongliang Qiu², Shizhong Wang¹ and Guobao Wang¹ 

¹ Sun Yat-sen University, Guangzhou, China; ² South China Agricultural University, Guangzhou, China 

 

fengzk@mail2.sysu.edu.cn 

 

Biological soil crusts (biocrusts), commonly known as capable in C/N fixation and vegetation colonization promotion, 

are pioneers for the ecological restoration in arid ecosystems and even more extreme environments, e.g., metal(loid)-

rich tailing ponds in mining areas. However, except for ecological restoration, the satisfactory rehabilitation of tailing 

ponds requires heavy metal immobilization as well, in which the contribution of microbiota in biocrusts remained 

unrevealed, especially in humid regions. Herein, we comprehensively characterized the biocrusts from a typical Pb/Zn 

tailing wetland, and two distinctive fractions of biocrusts were defined as the photoautotrophic layer (PL) and 

heterotrophic layer (HL), respectively. The microbial community composition and metabolic pathway of key taxa in 

these two layers were also evaluated with bioinformatic analysis. Results showed that biocrusts have two heavy metal 

immobilization mechanisms in the tailing wetland. One is that the more polysaccharide (97.74 mg L-1) and finer soil 

texture (21% of clay and silt) in PL lead to a stronger soil water repellency (53.9 s) than bare tailings sand (0 s), which 

could isolate oxygen and create a stable anaerobic environment in HL to inhibit the oxidation of sulfide in the covered 

tailing sand to produce acid mine drainage. The other is that in PL, alkali production by photoautotrophic 

microorganisms and iron oxidation by iron-oxidizing microorganisms such as Thiobacillus contribute to heavy metal 

immobilization, and in HL, with the aid of organic carbon provided by PL, heterotrophic microorganisms such as sulfate-

reducing microorganism played the key role in the formation of metal sulfides under anaerobic environment. Taken 

together, our work enriches the academic understanding of the distribution and the environmental functions of biocrusts 

and could provide theoretical support for the use of biocrusts for heavy metal bioremediation. 
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Special Session 6: 85345 

 

Extraction of lithium from brines to meet the demand for renewable and clean energy 

 

Daniel Alessi  

University of Alberta 

 

alessi@ualberta.ca 

 

By some estimates, the demand for lithium is projected to quadruple by 2030, driven by increased production of electric 

vehicles and the use of lithium in renewable energy grid storage applications.  Lithium production from conventional 

lithium sources, including hard rock mines and salars, continues to increase, but research on lithium battery recycling 

and unconventional lithium sources is needed to address a supply gap that is expected to emerge before the end of this 

decade.  One such source is the low lithium bearing brines present in sedimentary basins around the world, including 

those in the Western Canadian Sedimentary Basin (WCSB) located primarily in British Columbia, Alberta, and 

Saskatchewan.  These resources are attractive because, in many cases, oil and gas infrastructure already in place can be 

leveraged to access produced wastewater, reducing the costs of developing a commercially viable operation.  However, 

recovering concentrations of lithium that vary from only tens to hundreds of parts-per-million, in fluids that are several 

times more saline than the oceans, is a primary scientific challenge.  This talk will introduce the development of direct 

lithium extraction (DLE) materials for the selective extraction and concentration of lithium from brines in the WCSB.  

Challenges behind the scale-up of DLE technologies, including sorbent degradation and fouling, will be discussed.  

Finally, solutions to address these barriers to commercialization will be presented, and a preliminary economics 

assessment of a hypothetical project set in the WCSB will be given to illustrate the promise of a lithium industry in 

western Canada. 
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Special Session 6: 98830 

 

Key factors and process in immobilization of oxyanion metals in bauxite residue 

 

Longbin Huang¹, Narottam Saha and D Parry 

¹ The University of Queensland 

 

l.huang@uq.edu.au 

 

Environmental pollution from oxyanion metals in bauxite residue, such as vanadium, poses long-lasting environmental 

risks to downstream land and water systems, since these metals are highly soluble and mobile under the strongly alkaline 

pH (> 9.0) conditions. One of the key requirements for bauxite residue rehabilitation is the immobilization of these 

metals, to prevent or minimize their mobility and bioavailability. The addition of organic matter (albeit under alkaline 

pH condition) into bauxite residue for the purpose of soil formation can help retain some V in the alkaline solution (or 

pore water). However, pH neutralization in bauxite residue is critical to immobilization of these oxyanion metals, such 

as vanadium, through bonding with the surfaces of iron oxides. The sustained pH neutralization is underpinned by 

dealkalization of solid phase alkalinity, i.e., the weathering of alkaline minerals (e.g., sodalite) in bauxite residue. 
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Special Session 7: 83859 

 

Simultaneous immobilization of arsenic and degradation of PAH in contaminated soil by 

electrokinetics 

 

Kim Johansson, Ivan Carabante and Jurate Kumpiene 

 

kim.johansson@ltu.se  

 

Electrokinetic remediation (EK), a technique for removal of metal soil contaminants, traditionally uses electroosmotic 

flow to transport metals toward the electrodes where they are pumped out of the system and chemically treated. In this 

study we have investigated the possibilities of optimizing EK and combining it with other methods to remediate mixed 

contaminants, simultaneously. The experiment was performed in two boxes that each contained arsenic (As) 

contaminated sandy soil and polycyclic aromatic hydrocarbons (PAH) contaminated organic soil (peat). Iron (Fe) 

electrodes were used both to distribute electrical current and as a source of Fe for As immobilisation. The intention of 

applying a low, pulsating voltage current was both to purposely corrode the electrodes, and thereby amending the soil 

with Fe, as well as inducing oxidative degradation of PAH. This was done instead of the energy demanding removal of 

metal(loids) from the soil and then treating them on site or ex situ. In the sand layer results showed that As concentration 

in porewater decreased over time during the EK treatment and as anticipated, Fe concentration in porewater 

simultaneously increased, suggesting that the Fe supply increased, which played a role in As immobilisation. By the end 

of the experiment, a small increase in dissolved As concentration was observed, probably related to the simultaneous 

drop in redox potential in the soil, that at this point was water saturated. At the end of the experiment a 98% decrease in 

the PAH concentration in groundwater was observed. This study showed that EK could be a suitable remediation 

technique for a simultaneous remediation of mixed organic and inorganic contaminants, although further research should 

be focused on how to control redox potential to optimize EK as a suitable remediation technology. Results from this and 

a follow up experiment combining the technique with plants (ryegrass) will be presented. 
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Special Session 7: 83968 

 

Use of iron-coated sand for removing soluble phosphorus from drainage water 

 

Gerwin F. Koopmans¹, Wim Chardon², Jan Groenenberg¹, Jos P.M. Vink³ and Andreas Voegelin⁴ 

¹ Wageningen University, ² Wageningen Environmental Research, ³ Deltares, ⁴ Eawag, Swiss Federal Institute of 

Aquatic Science and Technology 

 

gerwin.koopmans@wur.nl 

 

Mitigation measures are needed for reducing chronic dissolved phosphorus (P) losses from agricultural soils with a 

legacy of excessive P inputs to surface waters. Since pipe drains are an important pathway for P transport from 

agricultural soils to surface waters in flat areas, removing P from drainage water can be an effective measure. During a 

4.5 year-field experiment, we tested the performance of a pipe drain enveloped with Fe-coated sand for removing soluble 

P from drainage water. Iron-coated sand is a by-product of the drinking water industry and has a high ability to bind P. 

The P concentration in the effluent from the enveloped pipe drain remained at a very low level over the entire monitoring 

period, with a removal percentage amounting to 93% for total P. During the field experiment, the enveloped pipe drain 

was below the groundwater level for a prolonged time. Nevertheless, no reduction of Fe(III) in the Fe-coated sand 

occurred during the first two years, most likely due to preferential reduction of Mn oxides present in the coatings of the 

sand particles, as reflected in elevated effluent Mn concentrations. Thereafter, reductive dissolution of Fe oxides in the 

coatings caused a gradual increase in the Fe concentration in the enveloped pipe drain effluent over time. Concomitantly, 

the dissolved Mn concentration decreased, most probably due to the depletion in easily accessible Mn oxides in the Fe-

coated sand. The Fe in the Fe-coated sand was identified as silicate-containing ferrihydrite (Fh). The submerged 

conditions of the enveloped pipe drain neither affected the stability of Fh in the Fe-coated sand nor the ability of this 

measure to capture P from drainage water. Enveloping pipe drains with Fe-coated sand is an effective method for 

reducing dissolved P inputs from agricultural soils to surface waters and holds great promise for implementation in 

practice. 
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Special Session 7: 84259 

 

Role of aluminum in substituted iron oxides for antimony and arsenic adsorption: Implications for 

remediation of mining systems 

 

Isabela Vasques¹, Ana Barroso², Teresa Valente², Ivan Carabante³, Sarah Fiol⁴ and Juan Antelo⁴ 

¹ Federal University of Viçosa, ² University of Minho, ³ Luleå University of Technology, ⁴ University of Santiago de 

Compostela 

 

isabela.filardi@ufv.br 

 

Oxidation of sulfide minerals in mining environments lead to the formation of acid mine drainage (AMD), which induces 

acidic pH values and mobilization of potentially toxic elements (PTE) and metals like iron and aluminum. Precipitation 

of secondary iron minerals, such as ferrihydrite (Fh) and schwertmannite (Sch), controls the mobility of PTEs in mining 

systems. The incorporation of Al in iron oxides changes the surface properties and affects to their stability and reactivity. 

Therefore, studying Al-substitution in iron oxides minerals originated under AMD conditions, and Fh and Sch, is 

relevant due to environmental and remediation implications in mining systems.  

In the present study Al-substituted nanominerals were synthesized and confirmed through X-ray diffraction. The surface 

properties, such as the surface charge, point of zero charge and specific surface area, were fully characterized. Batch 

adsorption were conducted with As and Sb and adsorption curves were obtained in a pH range from 3 to 8, with a 

concentration range from 1µmol L-1 to 500 µmol L-1. The efficiency of adsorption was evaluated by determining the 

remaining concentration of As and Sb in solution. The stability of the Al-substituted nanominerals after adsorbing As 

and Sb was also tested with long-term incubation experiments under controlled conditions. Solid and solution samples 

were collected periodically and analyzed regarding mineralogy, surface properties and the concentrations of As, Sb, Fe, 

Al and SO4. The hypothesis is that the incorporation of Al will alter the total adsorption capacity of As and Sb, and 

might also change the atomic environment of the surface complexes occurring. Moreover, the presence of aluminum 

changes the thermodynamic stability of these iron nanominerals, which strongly affects the mobility of PTE in the 

mining systems. 
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Special Session 7: 84445 

 

Zero-valent iron-based sorbents to remediate arsenic contaminated anoxic aquifers: From batch tests 

to field pilot tests 

 

Geert Cornelis¹, Thiago Formentini¹, Feifei Cao², Britta Planer-Friedrich³, Charlotta Tiberg⁴, Jerker Jarsjö², Neal 

Durant⁵, Dimin Fan⁵ and Dan Berggren Kleja¹ 

¹ SLU - Swedish University of Agricultural Sciences, ² Stockholm University, ³ University of Bayreuth, ⁴ Swedish 

Geotechnical Institute (SGI), ⁵ Geosyntec Consultants 

 

geert.cornelis@slu.se 

 

Zero-valent iron (ZVI)-based sorbents are frequently used for in-situ remediation of contaminated soils, but studies of 

their effect on arsenic (As) species is mostly restricted to lab batch tests. Especially immobilisation of trivalent As 

(As(III)) has been studied exclusively in laboratory tests. In this study, we test and compare the immobilisation of As in 

a contaminated anoxic aquifer by four different ZVI-based sorbents, including bare and sulfidated ZVI particles in both 

nano and micro scale: nZVI, S-nZVI, mZVI, and S-mZVI,. We gradually increased experimental complexity by first 

studying immobilisation kinetics in batch tests followed by column tests, both under anoxic conditions (glove box) and 

finally by performing pilot tests in the field. X-ray absorption spectroscopy (XAS) analysis showed that solid-phase As 

in the aquifer was dominated by pentavalent As (As(V)). Nevertheless, laboratory tests showed that adsorbed As(V) 

was labile and was reduced, likely microbially, to As(III) which desorbed and thus eventually dominated dissolved As 

speciation. In batch or column tests, addition of nZVI or mZVI lowered dissolved As concentrations by more than 95 

%. XAS analysis and oxalate extraction suggested that poorly ordered Fe(III) (hydr)oxides were the major ZVI corrosion 

products formed. It is hypothesized that As was both co-precipitated with and adsorbed by these (hydr)oxides given that 

only a fraction of immobilised As desorbed when adding phosphate. S-nZVI and S-mZVI were less efficient, 

contradicting previous lab results in simplified systems. Based on their best performance in laboratory experiments, we 

selected uncoated nZVI and mZVI sorbents for a pilot scale experiment. ZVI suspensions were direct push injected in 

the source zone in two parallel plots. Preliminary measurements following sorbent injection indicated much slower 

immobilisation kinetics compared to laboratory tests. The transferability of laboratory results to field situations will be 

discussed. 
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Special Session 7: 84540 

 

Reduction of hexavalent chromium by sulfidated air-stable zero-valent iron nanoparticles 

 

Viktorie Víchová¹, Viktorie Víchová², Jana Oborná² and Jan Filip² 

¹ Department of Experimental Physics, Faculty of Science, Palacký University, CZ-779-00, Olomouc, Czech 

Republic, ² Regional Centre of Advanced Technologies and Materials, Czech Advanced Technology and Research 

Institute, Palacký University, Šlechtitelů 27 CZ-783-71, Olomouc, Czech Republic 

 

viktorie.vichova@upol.cz 

 

Metallic iron nanoparticles have delivered a broad potential for their application in the remediation of emerging 

contaminants. They are a strong reducing agent and are valued because of their immense reactivity in the degradation 

of organic compounds such as persistent chlorinated compounds (e.g. TCE) as well as in the immobilisation of inorganic 

pollutants (e.g. heavy metals). However, these nanoparticles are generally pyrophoric in non-modified form and thus it 

complicates their manipulation and transport. By creating a compact oxide shell on their surface, the iron core is 

prevented from fast oxidation by oxygen and provides easy storage and transportation of material. Because the reactive 

iron core is protected and thus its reactivity is blocked, we need to retrieve the reactivity using an activation process. 

Nevertheless, those nanoparticles have a low selectivity due to reactions with a broad range of natural reducible species. 

This contribution highlights a novel approach to the aqueous sulfidation of commercially available air-stable nZVI. 

Modifying nZVI using a FeS shell enhances the reactivity of nZVI and significantly improves their selectivity during 

the process of pollutant removal in a contaminated environment, such as the sequestration of hexavalent chromium. 

Additionally, the sulfide shell slows down the reaction of nZVI with water and thus provides more electrons to the 

reaction with the contaminant. We prepared sulfidated air-stable nZVI particles with comparable efficiency as 

commonly synthesized sulfidated pyrophoric nZVI. We present an approach which offers simple preparation of S-nZVI 

which could be performed directly at the remediation site. 
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Special Session 7: 84579  

 

Learning from iron nanominerals to minimize pollution spreading from acid mine drainage systems 

 

Juan Antelo¹, Ivan Carabante², Sarah Fiol¹ and Jurate Kumpiene² 

¹ Universidade de Santiago de Compostela, ² Luleå University of Technology (LTU) 

 

juan.antelo@usc.es 

 

Nanominerals and mineral nanoparticles are widely distributed throughout the atmosphere, groundwater and surface 

waters, and soils. The unique surface and structural properties of nanominerals leads to their key role in the chemical 

speciation and mobility of anions and cations of environmental interest, such as arsenate, chromate, phosphate, copper, 

or lead. Interactions between ions and mineral surfaces during mineral formation, could be of different nature: surface 

complexation, anionic exchange reactions, or co-precipitation. In mining environments, where acid-sulfate waters are 

formed as a result of abiotic and biotic oxidation of sulfide minerals, these iron nanominerals are involved in natural 

mitigation processes.  

In this work, we present results obtained on the formation of iron nanominerals under acid mine drainage (AMD) 

conditions. Reactivity and stability experiments using ferrihydrite, schwertmannite, jarosite or goethite, provided key 

information about the mobility of pollutants, that eventually could be used to design adequate remediation actions. Major 

drivers that could affect to both the reactivity and the stability of the AMD nanominerals were evaluated. We present 

here experimental results that combine wet chemistry, advanced spectroscopic techniques, and surface complexation 

modelling. We have assessed the effect of pH, redox conditions, temperature, the presence of co-precipitated species or 

the presence of organic matter, addressing how these factors may alter the surface properties of the minerals, leading 

either to mobilization or to attenuation of pollutants. The main challenge is still to predict when the iron nanominerals 

will transform to more crystalline phases. These transformations potentially lead to a re-mobilization of adsorbed 

species, increasing the risk of spreading pollutants into the environment. 
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Special Session 7: 84619 

 

Could plants accumulate iron from nanoscale zero-valent iron used for remediation proposals? 

 

Diego Baragaño¹, Vladislav Chrastný², Jan Filip PhD³, Gildas Ratié⁴, Salvador Sánchez⁵, Aida González⁵, Blanca 

Astray², Veronika Veselska³, José Luis R. Gallego⁵ and Michael Komárek² 

¹ University of Cantabria, ² Czech University of Life Sciences Prague (CZU), ³ Regional Centre of Advanced 

Technologies and Materials, Czech Advanced Technology and Research Institute (CATRIN), Palacký University 

Olomouc, ⁴ ISTO-Orléans; ⁵ University of Oviedo 

 

diego.baragano@unican.es 

 

Nanoscale zero-valent iron (nZVI) is widely used for site remediation, although its impact on plants physiology remains 

unclear. In this context, we have developed a methodology to evaluate if plants can accumulate Fe from nZVI and 

transport it to the aerial parts. We have used a specific isotopic tracer of Fe for the nZVI source (57Fe) and identified 

its speciation in plants using Mössbauer spectroscopy. Firstly, a rhizobox experiment, which separates roots from soil 

for further analysis, was conducted using sandy soil contaminated with As and metals, amended with nZVI, and 

cultivated with grass (Agrostis capillaris), a typical plant growing in polluted soils. The Fe content and Fe isotope 

measurements were done for each experimental compartment (soil, pore water, roots and aerial parts). Results showed 

that the nZVI treatment reduced pollutants uptake, but significantly increased the Fe content in roots and aerial parts, 

and the Fe isotope measurements suggested the possibility of nZVI uptake. A second experiment was conducted in 

hydroponic media using tomato plants (Solanum lycopersicum) to reinforce the findings of the first experiment. Plants 

were grown in a modified Hoagland solution with 56Fe as Fe source for 3 weeks, then nZVI synthesized using enriched 

57Fe spike was applied to the solution for 5 days. At the end of the experiment, an increase in 57Fe content was revealed, 

with higher levels in the roots than in the aerial parts. However, the slight increase of 57Fe content in the aerial part 

demonstrates that plants were able to uptake and translocate Fe from nZVI. Additionally, Mössbauer analysis, based 

solely on the observation of 57Fe isotope, showed that 57Fe was found as Fe0 and Fe3+ in roots. In conclusion, this work 

demonstrates that applying nZVI in the environment may result in direct and indirect Fe translocation from nZVI. Future 

studies should focus on determining the distribution of 57Fe inside the plants and deciphering the form in which the 

57Fe is present. 
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Special Session 7: 84945 

 

Seasonal soil conditions influence metal(loid) contaminant immobilisation using nanoscale zero-valent 

iron 

 

Martina Vítková and Aikaterini Mitzia 

Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Department of Environmental 

Geosciences, Kamýcká 129, Praha-Suchdol, 16500, Czech Republic 

 

vitkovam@fzp.czu.cz 

 

Using soil amendments for various metal(loid)s immobilisation has been widely studied under specific laboratory 

conditions. However, external factors like changing water regimes or temporary freezing, which reflect the seasonal 

changes after real-scale application, are usually ignored.  

In this context, two soils with contrasting metal(loid) contamination amended with 1 wt.% of nZVI were investigated 

under different laboratory incubation conditions. Specifically, these included variable moisture content (0%, 30%, 60%, 

90%, 100%), simulating dry/wet seasons or flooding, and freezing, simulating frozen topsoil during winter. Moreover, 

different liquid-to-solid (L/S) ratios were tested during soil extractions to estimate the ageing of nZVI particles. 

Therefore, the main objectives were to assess (i) the effect of simulated seasonal changes (soil water content, freezing) 

on the behaviour of metal(loid)s in nZVI-treated soils, (ii) the L/S ratio impact on nZVI transformations, and (iii) the 

efficiency of nZVI on metal(loid) immobilisation considering seasonal environmental changes. 

The results showed differences in the available fractions of As and Zn as a function of moisture content. The highest 

leachability of As was determined for the flooded sample, while the highest concentrations of Zn were observed at 60% 

of WHC. Under these conditions, the efficiency of nZVI for As/Zn immobilisation was the lowest, and As was even 

mobilised at L/S 10 compared to the control. The As mobilisation can be attributed to the partial dissolution of Fe phases 

or desorption from the mineral surfaces at a higher L/S ratio. Regarding the amendment efficiency, nZVI showed to be 

highly effective for As immobilisation at 60% of WHC.  

Variability of water contents during the year may strongly affect metal(loid) mobility. Therefore, the effect of various 

soil moisture levels was tested. Dissolution of metal(loid)-bearing soil components or transformations of the added nZVI 

under different water contents are reflected in the differences in immobilisation efficiency. 
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Special Session 7: 84953 

 

The role of the iron oxyhydroxides and efflorescent sulfates in remediation by natural attenuation of 

mining contaminated systems 

 

Ana Barroso¹, Isabel Margarida Antunes¹, Amélia Paula Marinho-Reis¹, Isabela Vasques², Juan Antelo³, Sarah Fiol4, 

Patricia Gomes¹ and Teresa Valente¹ 

¹ University of Minho, ² Federal University of Viçosa, ³ University of Santiago de Compostela, 4 University of 

Santiago de Compostela, Spain 

 

teresav@dct.uminho.pt  

 

Acid mine drainage (AMD) is a common problem associated with the weathering of metal sulfide wastes in abandoned 

mining areas, which can be rich in toxic metals and metalloids. The formation of secondary mineral phases such as iron 

oxyhydroxides, oxyhydroxysulfates, and efflorescent sulfates may be a natural attenuation process in mining soils 

because these minerals can scavenge potentially toxic elements (PTE). Typically formed by the evaporation 

(efflorescent salts) or precipitation (ochreous iron-rich oxyhydroxides) these minerals could be highly soluble and 

reactive. Therefore, their inventory and characterization are particularly important for predicting the cycles of retention 

or accumulation zones of PTE and acidity in mining systems. 

The abandoned mines of Valdarcas (W-mine) and São Domingos (Cu-mine) were selected for the present study due to 

the AMD signature and occurrence of some of these secondary minerals. The collected samples were analyzed with 

different techniques: binocular microscopy, SEM-EDS, TEM, DRX, and FTIR. 

In Valdarcas mine area, typical ochreous phases such as schwertmannite and goethite were identified as the dominant 

secondary phases. These brownish-yellow ferric amorphous and poorly crystalline minerals can remove PTE via 

adsorption processes, contributing to their retention in the mining environment. In contrast, at São Domingos, 

efflorescent sulfate salts are more abundant. Melanterite and copiapite were the prevailing salts identified. With different 

morphologies, these minerals are highly soluble and therefore play a relevant key in the retention/mobilization cycles 

of hazardous contaminants, such as arsenic (As). 

This integrative methodologic approach, based on the use of several techniques, allowed a complete characterization of 

these minerals. Therefore, the study revealed a diversity of behaviors for the identified phases, suggesting various roles 

in increasing the resilience of the contaminated systems. 
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Special Session 7: 85144 

 

Optimization of the stabilization of metal(loid)s in a contaminated soil through Mn oxide biochar 

coating 

 

Manhattan Lebrun, Zuzanna Vaňková, Barbora Böserle Hudcová, Petr Ouředníček, Luke Beesley and Lukáš Trakal 

Faculty of Environmental Sciences, Czech University of Life Sciences Prague 

 

lebrun@fzp.czu.cz 

 

The modification of biochar surface to improve its effect on soil and metal(loid)s is an increasing research topic. As one 

of the possible modifications, the coating of Mn oxides was shown to be efficient for the sorption of both cationic and 

anionic metal(loid)s (Michálková et al. 2014; 2016; Ouředníček et al. 2019; Trakal et al. 2018). This Mn oxide coating 

developed in those studies has faced two major drawbacks: (1) the low stability of the product, which resulted in Mn 

leaching, and (2) the cost of the coating materials (sucrose, glucose). In addition, those studies were performed under 

controlled batch liquid tests, while soil applications of those materials are still scarce.  

In this context, the objectives of our study were: 

(1) Determine the Mn coating agent resulting in the highest stability and lowest Mn leaching; 

(2) Evaluate how the different Mn coatings reduce metal(loid) leaching from soil; and 

(3) Determine the optimal biochar dose. 

To answer those objectives, we will perform column leaching using diverse Mn oxide biochars, synthesized with 

different coating materials (sucrose and molasse) applied, at increasing concentrations (0% to 3%) on a multi-

contaminated soil (industrial contamination). Monitoring the leachate contents, soil pore water, and soil, and resulting 

mass balance calculation, will allow pinpointing the most promising material (high stability, low Mn, and pollutant 

leaching) and dosage to be applied on the field. 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
257

mailto:lebrun@fzp.czu.cz


 

 

Special Session 7: 85215 

 

Cost-effective Mn oxide-biochar composites for immobilization of metals and metalloids in 

contaminated soils 

 

 Zuzana Vankova, Barbora Boserle Hudcova, Petr Ourednicek, Manhattan Lebrun, Luke Beesley and Lukas Trakal 

Czech University of Life Sciences Prague, Faculty of Environmental Sciences 

 

trakal@fzp.czu.cz  

 

Biochars have proved as versatile materials for soils contaminated by metals and metalloids due to their ability to 

immobilize targeted contaminants, increase soil nutrient status and water retention, and enhance plant growth. 

Modifying their surfaces with Mn oxides to create MnOx-biochar composites (MnOBCs) can further enhance their 

sorption capacities towards a range of metal(loid)s, while keeping the other benefits specific for the use of biochar. In 

the current work, new MnOBCs were synthesized using cost-effective reagents, such as biochar made of waste woody 

biomass, waste molasses, or white sugar. The synthesis process was optimized with respect to the best production yield 

and properties of the resulting material – i.e., the highest adsorption capacities toward targeted metal(loid)s and minimal 

manganese leaching, which may present a drawback in the use of MnOBCs. Various prepared materials will be tested 

for their sorption properties and stability in solution under varying conditions (time, pH, solution composition...). The 

most promising composites will be further incubated directly in contaminated soil (1 to 2% w/w addition). Soil solutions 

will be continuously collected and analyzed to investigate the immobilizing potential of applied amendments toward 

targeted contaminants and evaluate their stability under soil conditions. These preliminary tests will provide background 

data for further column testing. 
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Special Session 8: 81951 

 

Study on remediation and mechanism of mercury pollution in paddy soil in Tongren Mercury Mine 

area 

 

yanxin hu and Ping Li 

Institute of Geochemistry, Chinese Academy of Sciences 

 

huyanxin1102@126.com 

 

Mercury (Hg) is a toxic heavy metal. The toxicity of Hg is related to its occurrence forms, while methylmercury (MeHg) 

is the most toxic form. Recent studies have found that rice grain can bioaccumulate MeHg, and it has become the main 

source of human MeHg exposure in Hg mining areas. The long-term Hg mining and smelting activities have caused 

serious pollution in the local environment and the Hg contents in farmland soil and agricutural crops are seriously 

elevated. In this study,Siqiandaba, was selected for the remediation study. The remediation effects of biochar on Hg 

contaminated farmland were evaluated, and the adsorption and passivation mechanism of Hg by biochar was discussed. 

(1) The results showed that the restoration effect was remarkable. Compared with the control group, the ratio of THg in 

rice/THg in soil decreased 32.0% on average, and the ratio of bioavailable Hg/THg in soil decreased 51.4% on average 

after remediation. The results from two years' continuous monitoring showed that the ratios of THg content in rice and 

bioavailable Hg to soil THg remained stable, indicating that the passivator had good stability in farmland restoration. 

At the same time, the weight of single plant in the experimental group increased 6.34% than the control group, and the 

yield production increased by 10.2%, indicating that the addition of passivating agent could also promote rice yield. 

(2) The biochar’s surfaces are enriched with oxygen-containing functional groups such as OH、-COOH、-CHO, which 

can enhance soil adsorption capacity for Hg ions. The surface of biochar after application will adsorb a large number of 

oxygen-containing crystals, which can promote the adsorption of Hg. Some biochar particles have skeleton structure 

and obvious macropores on the surface, which is beneficial to the adsorption of Hg-containing particles. 

 
Key words: Mercury, Soil, Biochar, Repair mechanism 
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Special Session 8: 82810 

 

Mercury migration to surface water from remediated mine waste and impacts of rainfall in a karst 

area —Evidence from Hg isotopes 

 

 Junyao Yan 

Institute of Geochemistry, Chinese Academy of Sciences 

 

741984139@qq.com  

 

Mine waste (MW) in historical mercury (Hg) mining areas continuously emits Hg into local environment, including 

aquatic ecosystems. Tracing Hg migration process from MW and determining its relative contribution to Hg pollution 

is critical for understanding the environmental impact of MW remediation. In this study, we combined data of Hg 

concentration, speciation, and isotope to address this issue in the Wanshan Hg mining area in southwest China. We 

found that rainfall can elevate Hg concentrations in river water and control the partitioning and transport of Hg in karst 

fissure zones through changing the hydrological conditions. A consistently large offset of δ202Hg (1.24‰) was 

observed between dissolved Hg (DHg) and particulate Hg (PHg) in surface water during the low-flow period (LFP), 

which may have been related to the relatively stable hydrologic conditions and unique geological background (karst 

fissure zones) of the karst region (KR). Results from the ternary Hg isotopic mixing model showed that, despite an order 

of magnitude reduction in Hg concentration and flux in river water after remediation, the remediated MW is still a 

significant source of Hg pollution to local aquatic ecosystems, accounting for 49.3±11.9% and 37.8±11.8% of river DHg 

in high flow period (HFP) and LFP, respectively. This study provides new insights into Hg migration and transportation 

in aquatic ecosystem and pollution source apportionment in Hg polluted area, which can be used for making polices for 

future remediation actions. 
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Special Session 8: 83519 

 

Long-term trend in atmospheric gaseous elemental mercury concentrations in China 

 

Xinbin Feng, Xuewu Fu and Hui Zhang 

State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences 

 

fengxinbin@mail.gyig.ac.cn 

 

Long-term observations of atmospheric mercury are important for the evaluation of the effectiveness of the Minamata 

Convention on Mercury. We continuously measured gaseous elemental mercury (GEM) concentrations at four remote 

sites in China for more than ten years, i.e., Mt. Waliguan (100.90° E, 36.29° N) during 2008-2022, Mt. Changbai 

(128.11° E, 42.40° N) during 2008-2022, Mt. Ailao (101.02° E, 2453° N) during 2011-2022, and Mt. Damei (121.57° 

E, 29.63° N) during 2011-2022. Our observations showed that GEM concentrations in China increased slightly during 

2008-2013, and then the GEM concentrations decreased significantly after 2013. The mean GEM concentrations at the 

four Chinese sites during 2022 were 1.51 ± 0.35 ng m-3, which is close to mean concentrations observed in Europe, 

North America, the Arctic, and the free troposphere in Pacific Ocean during 2021 (Individual means: 1.14 to 1.51 ng m-

3, overall mean: 1.34 ± 0.11 ng m-3, n = 13). During 2013-2022, GEM concentrations in China decreased by 35%, which 

was much higher than the decreasing rates observed in Europe (9%), North America (10%), the Arctic (6%), and the 

free troposphere in Pacific Ocean (9%) during 2013-2021. The declines in in GEM concentrations in China since 2013 

matches well with the decreasing anthropogenic Hg emission in China estimated by Chinese anthropogenic Hg emission 

inventory, indicating the reduction in anthropogenic Hg emissions in China was the major driver for the GEM declines. 
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Special Session 8: 83648 

 

Overexpression of OsTCTP decrease the accumulation of methylmercury in rice plants (Oryza sativa 

L.)  

 

Yi Man¹, Jianxu Wang, Bo Wang and Xinbin Feng 

¹ Institute of Geochemistry, Chinese academy of sciences 

 

fengxinbin@mail.gyig.ac.cn  

 

Mercury (Hg) is a toxic heavy metal that bioaccumulates in terrestrial food chains as methylmercury (MeHg). MeHg 

contamination in paddy fields is a global environmental issue. Reducing MeHg concentration in rice grain is of great 

interest. Planting low Hg accumulation cultivars is one of the most important initiatives for management of Hg risks in 

farmland. Although several rice cultivars were identified as low Hg accumulators, molecular mechanism regulating Hg 

accumulation in rice is poorly addressed. TCTP gene has been detected in several plant species and the accumulation of 

OsTCTP protein is induced by the abscisic acid. Our previous study identified two rice cultivars, a low Hg accumulation 

cultivar (Yangxizao-YXZ) and a high Hg accumulation cultivar (Lianjing15-LJ15). Here, we overexpressed and 

knocked out OsTCTP in LJ15, respectively, and obtained genetically modified LJ15 rice seedlings (T0), which were 

incubated in hydroponic solution containing MeHg concentration of 50 μg g-1. Compared with wild-type (WT) plants, 

overexpression of OsTCTP increased rice biomass, but knockout of OsTCTP leads to plant dwarfing, indicating TCTP 

plays an important role in regulation of rice growth. The MeHg contents in the root, stalk and leaf of OsTCTP-

overexpressed rice plants decreased by 43%, 63% and 66%, respectively, as relative to WT. However, the MeHg 

contents increased significantly in the rice tissues after knockout of OsTCTP (P < 0.05). The OsTCTP-overexpresed 

rice was planted in Hg contaminated soil, and it was found that MeHg content in rice grain was significantly reduced (P 

< 0.05). This study suggests that the decrease of MeHg content in rice caused by overexpression of OsTCTP may be 

due to some molecular regulation affecting the metabolic transport of sulfhydryl groups in plants, and ultimately 

affecting the absorption and transportation of MeHg in rice plants. These results provided important clues for molecular 

assisted screening and breeding of low MeHg accumulating cultivars for rice plants. 
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Special Session 8: 83735 

 

Using different age classes of conifer needles for the biomonitoring of legacy mercury in Northern 

Palatinate 

 

Jürgen Franzaring¹ and Andreas Schweiger 

¹ Universität Hohenheim, Institut für Landschafts- und Pflanzenökologie (320b) 

 

Juergen.Franzaring@uni-hohenheim.de 

 

Evasion of mercury (Hg0) from former mining sites will probably increase with climate change due to the higher mean 

annual temperatures and the loss of forest cover caused by calamities, droughts, storms and wildfires. Plant leaves 

constitute an important matrix for the accumulation/adsorption of gaseous/particle bound mercury and after feeding on 

the litter and methylation, the primary consumers will be the cornerstone for the biomagnification of the neurotoxic 

element along trophic levels and food chains. Uptake and re-volatilisation of Hg by/from plants depends on the species, 

the vitality of plants and the age of leaf organs. It has been shown that older conifer needles show higher concentrations 

than young needles, but the deposition flux, i.e. the loads of Hg entering the ecosystem via litterfall decreases again in 

older needles. Besides the higher accumulation of the metal with leaf age, Hg concentrations are also increasing during 

the season. 

In present pilot, we collected branches of Picea abies in two former cinnabar mining areas in Northern Palatinate, where 

artisanal and small-scale mining left innumerable waste dumps. While mining, smelting and processing of the ores were 

terminated after WWII, extremely high total mercury concentrations remain ever since in the soils of the region, with 

presumably only small fractions being plant available. Concentrations of Hg in wild plant species and crops were last 

studied in the 1990s and showed very high levels locally.  

In the lab, up to seven needle age classes (2016-2022) were pinched off from the branches and dried to constant weight 

at 30°C in a drying cabinet. Needle dry weights were determined and after the milling, samples were analysed by ICP-

MS after acid digestion. 1000 needle weights increased with age and as expected, also the Hg concentrations were higher 

in the older needles. We will report results in detail and will discuss further steps in setting up a larger monitoring study. 
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Special Session 8: 84241 

 

Toward a more sustainable farmlands remediation Future with in-situ increasing O2 levels 

 

Jianxu Wang, Caixing Wu and Xinbin Feng 

State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences 

 

wangjianxu@vip.gyig.ac.cn 

 

Mercury contamination in paddy fields threatens the health of millions of people in our planet. Due to the shortage of 

foods and rising of population, there is a high demand of sustainble remediation approach for paddy fields, i.e., to 

produce rice while sustaining rice production. Here, we developed a slow-releasing oxygen fertilizer (SROF) made up 

of polyacrylic ester, calcium peroxide, clay minerals, and fertilizers, it is capable of increasing both nutrients levels and 

O2 in soils. Our preliminary study showed that the application of SROF could increase redox potential, while inhibit the 

reductive dissolution of Fe/Mn oxyhydroxides, a major driver of Hg mobilization. The spiking of SROF to different 

types of Hg-contaminated soils resulted in a significant decrease of the dissolved total Hg and MeHg concentrations in 

soil solutions, as well as MeHg concentration in soils. Our results showed a promising approach to decrease MeHg in 

paddy soils, and may be a sustainable remedial solution for Hg-contaminated farmlands in the future. 
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Special Session 8: 84242 

 

Mitigation of mercury accumulation in rice using rice hull-derived biochar as soil amendment: A field 

investigation 

 

Ying Xing 

School of Chemistry and Materials Science, Guizhou Normal University 

 

xy31034@163.com  

 

There is a growing concern about paddy soil Hg contamination since rice plants can readily accumulate MeHg from 

soils, posing an ultimate health risk to rice consumers. We studied the impact of amendment of biochar on rice uptake 

of MeHg from soils. Effect of application of 24 t ha-1 and 72 t ha-1 rice hull-derived biochar (RHB) on total Hg (THg) 

and methylHg (MeHg) immobilization and their accumulations by rice plants were studied in a field experiment 

(Wanshan Hg mine, China). The addition of two doses of RHB significantly increased the biomass of rice plants, and 

decreased the MeHg concentration in the pore water, as compared to the control. The RHB promoted the partitioning of 

pore water MeHg to the soil solid phase throughout rice growing season, and pore water THg partitioning only at rice 

filling stage. Mercury methylation potential was weakly affected by the RHB addition to the soil. Mercury might be 

immobilized through binding of thiols (e.g., cysteine) presented in the RHB or in the soil induced by RHB addition. 

Biochar addition decreased MeHg and THg contents in the tissues of rice plants, particularly in the polished rice. We 

attributed the reduction of THg in the rice to the bio-dilution effect, and of MeHg content in the rice to the decreased 

MeHg availability in the soil by RHB addition. Results suggest that RHB might be suitable for managing Hg transfer in 

soil-rice plants at Hg contaminated mining regions in China and beyond. 
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Special Session 8: 84244 

 

Mercury in fish and rice and human mercury exposure in China 

 

Hua ZHANG¹ and Xinbin Feng² 

¹ Institute of geochemistry, Chinese Academy of Sciences, ² Institute of Geochemistry, Chinese Academy of Sciences 

 

zhanghua@mail.gyig.ac.cn 

 

Mercury is a global pollutant that is currently receiving much attention from the scientific community as well as 

environmental policy makers worldwide. Eating fish is considered to be the main route of human exposure to 

methylmercury. In addition, in inland China, rice consumption is also an important pathway of methylmercury exposure. 

Although the total amount of atmospheric mercury emission in China since the industrial revolution 200 years ago is 

far lower than that of European and American countries and regions, china has grown to be the largest mercury emitter 

in the world in the past 40 years, and China's environmental mercury pollution has attracted global attention. In addition, 

China is also the world's largest producer and consumer of fish and rice. In this report, we will systematically display 

the mercury pollution characteristics of fish and rice in China, as well as the methylmercury exposure risk of residents 

and other important information, and put forward constructive suggestions and research prospects on the implementation 

of the future international environmental mercury convention and the prevention and control of environmental mercury 

pollution and risk management. 
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Special Session 8: 84288 

 

Multichannel trace metal bioavailability-sensing system: Application to in situ autonomous 

monitoring of the dynamic inorganic fractions of mercury, arsenite and arsenate 

 

Mary-Lou Tercier-Waeber¹, Tanguy Gressard, Nicolas Layglon, Melina Abdou, Fabio Confalonieri, Alexandra Coynel 

and Jörg SCHÄFER 

¹ University of Geneva 

 

marie-louise.tercier@unige.ch 

 

Environmental quality standards (EQS) are used to manage the risks of metals in aquatic environments. In the simplest 

form of EQSs, total concentrations of metals are compared against pre-set acceptable threshold levels. Now, however, 

the environmental administration bodies have stated the need to incorporate metal bioavailability-assessment tools into 

environmental regulation [1]. The metal bioavailability depends on local water and sediment characteristics, and 

therefore, may vary continuously in space and time. Metal-bioavailability sensing systems enabling in situ 

measurements at appropriate time scale are thus required.   

We report here on a unique submersible compact-multichannel trace metal-sensing probe (TracMetal) [2]. Innovative 

antifouling gel-integrated microelectrode arrays (GIMEs) incorporated in this system and interrogated by voltammetry 

enable in situ, autonomous and simultaneous measurements of the dynamic (potentially bioavailable) fraction of a range 

of (priority) hazardous metals at sub-nanomolar to low picomolar levels. The application of the TracMetal incorporating 

gold-nanostructured GIMEs to the spatial and high-resolution temporal monitoring of the dynamic fraction of inorganic 

Hg(II), As(III) and As(V) in freshwater and coastal aquatic systems will be presented. In parallel, master variables were 

monitored in situ, and water samples were collected for complementary analyses of total dissolved metal concentrations 

in the operationally defined dissolved < 0.2 μm and < 0.02 μm fractions; water composition and proxies for primary 

production. The combination of all the data provided the first assessment of the spatial concentrations of the potentially 

available fractions of the targeted metal species and enabled to identify abiotic and biotic processes that control their 

cycling. 
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Special Session 8: 84299 

 

Uptake and transformation of Hg by phytoplankton in water systems 

 

Jiating Zhao, Xujun Liang, Yuxi Gao and Baohua Gu 

 

zhaojt@ihep.ac.cn  

 

Phytoplankton constitutes the major point for Hg entry into aquatic food webs. Although reduction of inorganic Hg(II) 

by algae have been reported, little is known whether it is mediated by algal cells or their exudates and how it is related 

to cellular adsorption and uptake of Hg(II) under solar and dark conditions. Furthermore, the impact of algae-induced 

transformation on Hg bioavailability remains elusive. Here, Chlorella vulgaris, one of the most prevalent green algae 

and usually being a model for eco-toxicity evaluation, was selected as the experimental algae. It was found that sunlight 

could enhance the reduction of Hg(II) by algal cell suspensions and their filtrates. Cell filtrates show stronger Hg(II) 

reduction than cell suspensions likely due to adsorption or uptake of Hg(II) into cells, which also indicates Hg(II) 

reduction is mainly a cell filtrates-mediated process. Based on X-ray absorption near-edge spectroscopy (SR-XANES) 

analysis, sunlight also facilitates the algae induced transformation of Hg(II) to less bioavailable species such as HgS and 

HgPCs-like forms, whereas the relatively available Hg(Cysteine)2-like forms dominate in the dark. The stronger 

bioavailability of Hg(II) complexes with algal cells and their filtrates in the dark was further verified by its higher 

methylation potential than that under solar conditions. This study, for the first time, reveals the different roles of live 

and dead algae in controlling Hg(II) evasion and bioavailability under solar and dark conditions, suggesting the 

significance of phytoplankton in globally aquatic Hg cycling and bioaccumulation. 
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Special Session 8: 84318 

 

Distance vs Local sources of mercury and microplastics to mountain environments and the potential 

impact on aquatic biota 

 

Henar Margenat¹, Gael Le Roux¹, Anna Vila-Gispert², Helena Guasch³ and Sophia V. Hansson¹ 

¹ Laboratoire écologie fonctionnelle et environnement, Université de Toulouse, CNRS, Toulouse, France, ² GRECO, 

Institute of Aquatic Ecology, Universitat de Girona, Girona, Spain, ³ Centre d’Estudis Avançats de Blanes, CSIC, 

Blanes, Spain 

 

henar.margenat-hervas@univ-tlse3.fr 

 

The intensification of human activities has led to the presence of pollutants all around the globe, including highly remote 

areas such as mountain environments. In-situ activities like mining, agriculture, or mountain tourism have (re-)mobilised 

legacy pollutants (metals), and also brought new contaminants (plastics) to these remote areas. Furthermore, distant 

micropollutants, such as mercury (Hg) and microplastics (MP), can reach mountains via atmospheric deposition from 

urban and industrial areas. Mercury’s ecotoxicological effects linked to its exposure are well-known, still, many 

questions remain regarding the source, transfer and exposure routes among environmental compartments, including 

biota. Concerning plastic, this new pollutant has been found in natural environments across the globe, yet little is known 

about its cycle and effects on biotic health. Our aim is therefore to identify potential bioindicators of Hg, and other trace 

metals, and MP pollution in mountain freshwater ecosystems. Our initial results confirm the presence of Hg (THg 

ranging from 0.13 to 2691.32 µg kg-1) and MP (ranging from 0 to 58.66 MP g-1 d.w.) in trout (Salmo trutta fario), biofilm 

and sediment from the Pyrenees. Positive correlations were found for THg concentrations in all compartments with 

altitude, indicating atmospheric deposition as a principal source. Although we found MP in all compartments, no 

significant relation was found across them. However, a potential negative correlation was observed for MP in fish and 

altitude, indicating that local sources, such as mountain tourism, may be the likely source of MP contamination in these 

environments. Finally, no negative effect on the growth of brown trout could be determined in these conditions 

specifically yet an adverse effect on other health biomarkers and thus also the overall biotic health cannot be excluded. 
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Special Session 8: 84389 

 

Three-century mercury records from global natural archives indicate atmospheric deposition hotspots 

and slow recovery in key ecosystems  

 

Qinqin Chen¹, Qingru Wu¹, Yuying Cui and Shuxiao Wang 

¹ Tsinghua University 

 

christina.cqq@gmail.com 

 

Atmospheric mercury transports across continents and contaminates ecosystems globally. However, mercury pollution 

management is generally hindered by a shortage of monitoring data in most regions and is complicated by changing 

climates characterized by rising temperatures. To support effective mercury pollution management, we compiled a 

natural-archive mercury deposition flux database (1700-2018) from 199 cores extracted from ice, peat, lake sediments, 

and marine sediments across the globe. These cores were carefully selected to minimize influences of terrestrial inputs 

so that the buried Hg mainly comes from atmospheric depositions. The coring locations cover environments from land 

to oceans, temperatures from -54°C to 28°C, and elevations from -960 masl to 5750 masl, thus the respective natural-

archive data are valuable to support global mercury pollution management.  

The natural-archive deposition fluxes evidenced that mercury emissions from metal mining activities, including large-

scale and small-scale mining of various kinds of metals, which were believed to be the most important emission sources, 

were only of local impacts and likely overestimated. By comparison, coal consumption largely drove the recent forming 

and intensifying of atmospheric mercury deposition hotspots in East Asia and Africa, and thus should be the future 

management focus. However, such anthropogenic impact-focused mercury pollution management may have a delayed 

or limited effect in recovering key ecosystems, because we found 1) elevated deposition fluxes in lakes and peatlands 

at warmer conditions, due mainly to enhanced vegetation impacts, 2) higher deposition rates compared with the global 

emission rate in high-elevation lakes, owning partly to meltwater input and elevated mercury oxidation at high altitudes, 

and 3) universal increasing deposition trends in marine sediments, affected mainly by ocean Hg circulations, contrasting 

to the responses of terrestrial depositions which were relatively more effectively contained under mitigation measures. 

Our findings thus call for targeted measures for the atmospheric mercury deposition hotspots and key ecosystems, 

especially under conditions of rising temperatures and rapid economic development. 
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Special Session 8: 84462 

 

Variability and drivers of total mercury and methylmercury concentrations along a Mediterranean 

coastal alluvial aquifer in Barcelona (Spain) 

 

María Montero-Curiel¹, Daniel Romano-Gude¹, Clara Ruiz-González¹, Albert Folch², J. Carrera², Rebeca Fornies¹, 

Cristina Romera-Castillo¹, Marc Diego-Feliu³, Valenti Rodellas³, Natalia Torres-Rodriguez⁴, Aurélie Dufour⁴, Marta 

Sebastián¹, Lars-Eric Heimbürguer-Boavida⁴ and Andrea G. Bravo¹ 

¹ Institut de Ciències del Mar (ICM-CSIC), ² UNIVERSITAT POLITECNICA DE CATALUNYA, ³ Institute of 

Environmental Science and Technology - Universitat Autònoma de Barcelona (ICTA-UAB), ⁴ Mediterranean Institute 

of Oceanography 

 

mariamontero@icm.csic.es 

 

Submarine groundwater discharge (SGD) can be defined as the flow of water from coastal aquifers to the sea and might 

be a potential, yet overlooked, source of trace elements to the ocean. Very little is known about total mercury (Hg) 

contamination and methylmercury (MeHg) formation in coastal aquifers, despite being enriched in land-derived 

nutrients and generally oxygen-depleted, conditions that could promote the activity of anaerobic bacteria such as Hg 

methylators. In this study we explored the spatio-temporal variability and drivers of total Hg (THg) and MeHg 

concentrations in groundwater samples collected from 19 piezometers located along a coastal alluvial aquifer connected 

to the Mediterranean Sea in Barcelona (Spain). THg and MeHg were measured at depths ranging from 6 to 22 mbs 

(meters below surface) and were compared to variations in an array of physicochemical variables, prokaryotic 

abundance and activity in two different occasions, representing different hydrologic seasons (December 2021 and July 

2022). THg concentrations were not significantly different between seasons but varied largely along the aquifer, ranging 

from 0.68 to 449 pM. The highest THg concentrations were measured in some of the deepest (>14 mbs) saline 

groundwater samples, indicating a source of contamination and/or physicochemical conditions enabling Hg absorption. 

MeHg concentrations and the percentage of MeHg as THg (%MeHg) were significantly higher in December, reaching 

up to 6.24 pM and 48% respectively in an anoxic saline groundwater sample that displayed high prokaryotic activity. 

Our results hint some source/s of Hg to the coastal aquifer waters, as well as the localized presence and activity of Hg 

methylating bacteria. Due to the negative impacts of increased MeHg concentrations in marine ecosystems, future 

studies should clarify which could be the Hg sources to coastal aquifers and the biophysicochemical factors that might 

promote MeHg formation in coastal groundwaters. 
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Biyearly multi-component assessment of Hg deposition through litterfall in deciduous and coniferous 

temperate forests from NW Iberian Peninsula 

 

Andrea Parente-Sendín¹, Melissa Méndez-López¹, Noemi Calvo-Portela¹, M. Flora Alonso-Vega² and Juan Carlos 

Nóvoa-Muñoz² 

¹ University of Vigo - CIF Q8650002B, ² Environmental Technology and Assessment Laboratory, Campus da Auga, 

University of Vigo 

 

edjuanca@uvigo.gal  

 

Litterfall (LTF) is recognized as one of the main vectors of atmospheric Hg transfer to soil, but the individual 

contribution of different plant tissues to Hg deposition remains quite unknown. This study determines Hg deposition 

fluxes by different LTF components (needles/leaves, twigs, bark and miscellaneous) by monitoring their biomass and 

total Hg levels for two years, May 2019-April 2021, in two adjacent coniferous (Pinus sylvestris) and deciduous (Betula 

alba) plots in NW Spain. 

The yearly average of total LTF fluxes were 485 and 537 g·m-2·year-1 for pinus and birch plots, respectively, with 

needles/leaves accounting for 65 and 60%. Twigs (< 5 mm diameter) represented about 10% of LTF biomass in both 

plots, miscellaneous 12 to 15 %, and bark contributed to 14% of LTF in the coniferous plot. 

Averages of total Hg (THg) were always greater in the plant tissues of pinus than birch: 50 and 26 µg kg-1 in pine needles 

and birch leaves, respectively; 60 and 18 µg kg-1 for pine and birch twigs, respectively; and 51 and 38 µg kg-1 for pine 

and birch miscellaneous, respectively. Total Hg in pine bark ranged from 32 to 64 µg kg-1. Differences in the length of 

exposure to air of the LTF components and species-specific physiological characteristics could explain the variations in 

THg. 

The annual Hg deposition flux through total litterfall was 2-3 times greater in pinus (22.1 and 24.1 µg m-2) than in birch 

(8.6-11.2 µg m-2), being pine needles and birch leaves responsible (on average) for the 74 and 65% of the Hg deposition. 

Therefore, a significant fraction of LTF Hg deposition (26 or 35%, depending on tree species) took place through non-

foliar tissues. Thus, accurate quantification of Hg deposition fluxes through litterfall needs to consider the contribution 

of other biomass components, otherwise, they could be notably underestimated. 
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Potential impact of the hydrological conditions of the flow-regulated Venice Lagoon on Hg 
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Methylmercury (MeHg) is considered one of the most toxic pollutants, which bioaccumulates and biomagnifies in 

aquatic food webs, as it can damage the central nervous systems in severely exposed humans. The amount of mercury 

in the environment has increased in the last century due to anthropogenic activities and there is an associated risk of 

increasing MeHg levels in aquatic systems. The MOSE mobile-barriers system was built to temporarily close the Venice 

Lagoon and protect the city from high tides (Acqua Alta). Hydrological changes caused by the closures are expected to 

increase the water renewal time in the lagoon and as a result lead to a decrease in water oxygenation. Our study aims to 

characterize the biogeochemical effect of the MOSE closing-events in the formation of MeHg, which is produced under 

anaerobic conditions. For this purpose, sediment cores and their overlying water were collected at two sites in the lagoon, 

Osellino (OS) and San Giuliano (SG), characterised by a different degree of water renewal. Cores were incubated under 

oxygen-limited conditions to study the changes in the concentration of MeHg, Hg methylation rate constants, 

concentration and composition of organic matter and microbial community of Hg-methylators. Incubation produced an 

increase of the dissolved total mercury, MeHg and Hg methylation rate constants, assessed by enriched stable isotopes. 

Methylation rate constants (km) were twice higher in incubated compared to in situ sediments, and reached between 

0.022-0.028 (day-1) and 0.017-0.019 (day-1) in the OS (more confined site) and SG (less confined site) cores, 

respectively. Changes in the composition of the dissolved organic matter were also observed, with higher fluorescence 

corresponding to humic acids and tryptophan in the incubated cores. Our study hints that the closing-events may affect 

the amount of MeHg produced within the lagoon and thus increasing its accumulation in the aquatic food web. 
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Mercury contamination in the Muraglione artificial mine lake (Mt. Amiata Hg-district, central Italy): 

geochemical investigation and remediation strategies 
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¹ University of Florence, ² CNR (National Research Council of Italy), ³ S.B.C. Geologi Associati, ⁴ Unione dei 

Comuni Amiata Val d’Orcia, Unità di Bonifica 
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Lake Muraglione is an artificial water body belonging to the former mercury mine of Abbadia San Salvatore (Tuscany, 

central Italy). It was built at the beginning of the 20th century and served to store the effluents derived by the Cermark-

Spirek furnaces (used to roast the ore-deposit and produce liquid Hg) and other mining services. Currently, the lake is 

located within a public park. Previous investigations evidenced that the lake sediments, characterized by mining debris 

and sediments transported by two tributaries, were severely contaminated by mercury. Therefore, it became relevant to 

proceed with remediation operations and evaluate where these sediments could be collocated. In the 2010s, it was 

estimated that the lake was hosting about 11.200 m3 of water while the sediment volume was 26.600 m3 with a variable 

mercury content (109-3810 mg/kg). In 2021, in agreement with the Tuscany Region and the Environmental Protection 

Agency, another geochemical characterization of the lake was conducted. Hg concentrations in the sediments ranged 

between 5.5 and 800 mg/kg with Me-Hg < 11 µg/kg. Setting aside two samples, leachable Hg was < 1 µg/L, while Hg 

in(filtered and unfiltered) water was < 0.1 µg/L. Thermal desorption speciation on selected samples showed the presence 

of Hg0, metacinnabar and cinnabar. Remediation experiments were carried out, i.e. laboratory and pilot thermal 

desorption tests and dewatering and inertization procedures. Inertization turns out to be the best solution. A notable 

reduction of the mercury concentrations was highlighted despite the fact that a large sediment mass is to be transferred 

inside the mining area and stored in a special landfill and/or in another, still unknown, location. The problem is that the 

post-inertization Hg content is higher than that defined by the Italian law (1 mg/kg). Establishing the Hg geochemical 

baseline around the lake area could be the solution to store safely the lake sediments. 
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Several emerging aspects critical to understanding air-water mercury exchange 
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As a global pollutant, mercury (Hg) cycles between air, water, soil, and sediment involving transport and transformation 

of various Hg species, forming a complicated biogeochemical Hg cycle. Air-water Hg exchange represents the largest 

flux of Hg transport between environmental media, which includes the deposition of divalent (Hg(II)) and elemental 

(Hg(0)) Hg from the atmosphere and the evasion of Hg(0) from surface water. Despite being a crucial part of Hg 

biogeochemical cycle controlling the Hg pool available for methylmercury production in aquatic environments and the 

long-range transcontinental transport of Hg(0) in the atmosphere, air-water Hg exchange bears the potentially largest 

errors in the global budgets of Hg cycling. Although the atmospheric wet deposition of Hg(II) and the evasion of 

dissolved gaseous mercury (DGM) from water have been extensively studied previously, some key processes governing 

air-water Hg exchange remain poorly understood or even being overlooked. In this paper, on the basis of providing an 

overview of current knowledge on air-water Hg exchange, we focused the discussion on in-depth analysis of several Hg 

transport and transformation processes that have been recently shown increasing importance to fill the gaps in our 

understanding of air-water Hg exchange. Oxidation of aquatic Hg(0) is often understudied and the simultaneous Hg(II) 

reduction and Hg(0) oxidation should be both considered for the fate of Hg. The inclusion of particulate Hg(II) and 

Hg(0) species in aquatic redox chemistry of Hg and assessing the effect of Hg(0) partition between water and particulate 

on Hg(0) evasion may be necessary, instead of using DGM alone as a proxy to evaluate Hg redox transformation rates 

and air-water Hg exchange fluxes. The dry deposition of Hg(0) from the atmosphere to surface water (also termed as 

uptake or invasion of Hg(0)) could be an important part of the bidirectional air-water Hg exchange. 
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Hg stocks and fate in forest and cropland soils from the eastern Congo basin 

 

Sylvain Bouchet, Tess Giacobbo, Mara Bär, Sebastian Dötterl and Ruben Kretzschmar 

ETH Zürich 
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The uptake of gaseous elemental mercury (Hg0) by foliage is an important sink for atmospheric Hg, resulting in a large 

Hg flux to soils via litterfall. Soils are thus the largest Hg reservoir globally with organic-rich surface soils estimated to 

contain more than a third of the Hg pool actively cycling between the soil–ocean–atmosphere system. However, little is 

known about the fate and stability of Hg in this reservoir upon land-use change, such as deforestation and agriculture. 

In this study, we report Hg concentrations in litterfall and along various soil profiles (litter, organic and mineral horizons 

down to 1 m depth) from 3 study sites located in the eastern-central part of the Congo basin along the Albertine Rift, a 

tropical region affected by intense anthropogenic activities that are expected to increase due to rapid population growth. 

Soil profiles were selected from various topographic positions (plateaus, slopes, and valleys) and different land covers 

(forest vs. cropland) to evaluate the effect of topographic gradients and deforestation on Hg concentrations and stocks. 

We found similar Hg concentrations in litterfall from the 3 sites while the concentrations in soils largely differed. In 

forest soils, Hg concentrations generally decreased from top to bottom whereas they were constant or increased with 

depth in the cropland ones. With respect to topography, Hg concentrations and stocks were generally higher on plateau 

profiles compared to the slopes and valley ones. Overall, Hg concentrations and stocks were consistently 2 to 3 times 

higher in forest soils compared to cropland ones and Hg losses upon conversion from forest to croplands were similar 

for all study sites, ranging from 50 to 65 %. This study brings additional data on Hg cycling in tropical terrestrial 

ecosystems as well as implications for soil management regarding release of Hg stored in soils. 
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Geochemical behaviour of mercury and other trace elements at the historical fahlore Cu-Sb(-Ag) Mt. 

Avanza mine (Carnic Alps, Italy) 
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Covelli¹ and Sara Oberti di Valnera³ 

¹ University of Trieste, ² Universitá degli Studi di Trieste, ³ Geological Survey of Friuli Venezia Giulia 

 

nicolo.barago@phd.units.it  

 

Mining sites, characterised by different types of ore deposits, are affected by different environmental problems. In order 

to predict the effects on the environment, geochemical studies for different ore types must be performed. This multi-

compartmental geochemical characterisation approach provides one of the first case studies regarding the geochemical 

behaviour and fate of Hg, Sb, As, Cu and other elements in solid, water and gaseous matrices in an environment affected 

by the mining activity of a “fahlore-type” ore deposit: the ancient Cu-Sb-Ag Mt. Avanza mine (Carnic Alps, Italy), 

which is a rare example of a mostly monomineralic tetrahedrite exploited ore deposit. Elevated concentrations of the 

elements associated with the (Zn-Hg) tetrahedrite and to minor ore minerals (Cu, Sb, As, Pb, Zn, Hg) in mine wastes, 

soils and stream sediments were observed, although concentrations greatly decreased with increasing distance from the 

mining area.  

The fate of Hg at the investigated fahlore mining district appeared similar to cinnabar mining sites around the world. 

Weak solubility but the potential evasion of Gaseous Elemental Mercury (GEM) into the atmosphere also appears to be 

characteristics of Hg in non-cinnabar ores. Although GEM concentrations are such that they do not present a pressing 

concern, real-time field surveys allowed for the easy identification of Hg sources, proving to be an effective, suitable 

high-resolution indirect approach for optimising soil sampling surveys and detecting mine wastes and mine adits. 

Interestingly, Tl and Ge were associated with the “lithogenic component” and not to sulfosalt/sulfide minerals. Although 

mine drainage water often slightly exceeded the national regulatory limits for Sb and As, with Sb being more mobile 

than As, the relatively low dissolved concentrations indicate a moderate stability of the tetrahedrite. 
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Drivers of global mercury emissions from key sectors during 2017 – 2022 

 

Qingru WU  

Tsinghua University 
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The Minamata Convention is concerned with anthropogenic mercury emissions and requested the signed parties to 

control five specific source categories that are listed in Annex D of Article 8. These five sources include coal-fired 

power plants, coal-fired industrial boilers, non-ferrous metals production, waste incineration and cement clinker 

production. This study calculates the global emissions from these five sources during 2017-2022 in order to assess the 

effectiveness of the Minamata Convention. Results show that global mercury emissions decrease from 821 t in 2017 to 

717 t in 2022, suffering a rapid decline of 46 t in 2020 caused by pandemic and a slide growth of 9 t in 2011 due to 

economic recovery. Non-ferrous metals production contributes most, decreasing 83 t in total, followed by cement clinker 

production with 29 t. Waste incineration, however, increases 27 t of emissions in six-year period. Regional contribution 

to global mercury emissions has changed little, with Asia reducing its mercury emissions by 55 t in six years. Based on 

driver analysis, we find that the implementation of BAT/BEP measures in five sources helps decrease 180 t of mercury 

emissions in total and efficiency improvement help decrease 110 t of emissions. Sustainability development only brings 

a reduction of 33 t from 2017 to 2020 then drives an increase of 60 t from 2021 to 2022 since strong demand of economic 

recovery in post-pandemic period curtailed to the circularity development of the economy. The Minamata Convention 

has been best implemented in non-ferrous metals production and coal-fired power plants, resulting in 78 t and 56 t of 

emissions reduction, respectively. 
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Salinity increases mercury mobilisation from soil but reduces its uptake in crops 

 

Marco Contin¹, Elisa Pellegrini¹, Maria De Nobili¹, Stefano Tomat¹ and Milena Horvat² 

¹ University of Udine, ² Jožef Stefan Institute, Ljubljana 
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Mercury (Hg) contamination of soils is a concerning issue worldwide. Source of contamination, chemical form and 

environmental conditions affect its mobility and bioavailability in soils and sediments. Contaminated coastal soils could 

potentially become hotspots of Hg re-mobilisation, because of flooding and salinization caused by the sea level rise 

expected as a consequence of climate change. 

Samples of a soil contaminated by mining activity and a sediment heavily contaminated by a chloro-alkali plant were 

collected from North-East Italy. Mercury speciation was performed either by Thermal Desorption (TD), or a Sequential 

Extraction Procedure (SEP). Bench-top simulations of salinity and flooding events was carried out using soil columns. 

Soils were kept submerged for different periods (1-30 days) and different salt concentrations (0-32.8 g L-1). After the 

flooding treatment, a rain event was simulated using freshwater. Leached solutions were collected and solubilised Hg 

quantified. Hg bioavailability was assessed in barley, grown in pots filled with contaminated soil. 

Hg mobility increased with increasing salinity and flooding time. The effect of salt concentration was more pronounced 

for longer flooding periods. After 1 day of inundation, the amount of solubilised Hg was negligible, but after 7 days 

flooding Hg levels in the highest saline solution reached up to 0.9 and 9.3 µg Hg L-1 in the soil and in the sediment, 

respectively. The mobility of Hg increased substantially after 30 days, and was about 22 times in the soil (19.8 µg Hg 

L-1) and 10 times in the sediment (89.8 µg Hg L-1) compared to the background level. 

Despite the potential risk of Hg re-mobilisation from contaminated soils and sediments, Hg accumulation in barley 

decreased either in shoots and roots as salinity increased. The mechanism can be possibly ascribed to a stronger ionic 

competition or a reduced physiological activity of the plants under high salt stress. 
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Dynamics of gaseous mercury exchanges at sea-air interface in differently contaminated coastal 

environments of the Northern Adriatic Sea 
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¹ University of Trieste, ² National Institute of Biology, Slovenia 
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Gaseous elemental mercury (Hg0) formation in surface water and subsequent volatilisation to the atmosphere can 

contribute to limit Hg burden in aquatic environments. However, direct measurements of evasion are not frequent, 

mostly in shallow coastal marine areas subject to high Hg supplies from inland. 

The aim of this study was therefore to investigate the dynamics of Hg0 production and evasion in two selected coastal 

environments of the Northern Adriatic Sea. This area has been heavily contaminated by Hg due to historical Hg mining 

in Idrija (Slovenia) and to wastewater discharges of a decommissioned chlor-alkali plant. Incubations in field and a 

floating flux chamber were used to determine Hg0 concentrations and fluxes, respectively. To evaluate the effects of 

both Hg contamination degree and hydrodynamic conditions within this area, a confined heavily impacted fish farm in 

the Marano and Grado Lagoon (VN, Italy) and an open less contaminated environment in the Adriatic Sea (PR, Bay of 

Piran, Slovenia) were selected.  

Significantly higher Hg0 concentrations were observed at VN with comparable values throughout day and night, likely 

suggesting the occurrence of strong dark reduction processes in water and contaminated sediments. Surprisingly, 

comparable Hg0 fluxes were found at the two sites (range VN=7.43-41.17 ng m-2 h-1, PR=0-81.49 ng m-2 h-1) with higher 

emissions generally occurring in summer. Water stagnation and possible preferential re-oxidation likely limited Hg0 

evasion at VN, resulting in relatively constant fluxes during sampling periods. Conversely, at PR, emissions generally 

decreased overnight but showed high peaks coinciding with increasing water turbulence.  

These findings indicate that static conditions may increase Hg residence time in aquatic environments. Increasing 

turbulence due to wave motion can help to mitigate the effects of Hg pollution on aquatic ecosystems through enhancing 

gaseous losses into the atmosphere and eventually limiting its availability for methylation. 
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Mercury contamination in topsoils in the vicinity of a copper smelter (Tsumeb, Namibia): An isotopic 

study  
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Mercury (Hg) stable isotopes have been increasingly applied in environmental studies, mostly in gold and mercury 

mining/smelting areas. Despite this fact, Hg isotope studies are still scarce in areas contaminated by non-ferrous metal 

mining and smelting activities. We investigated Hg concentrations and Hg isotope composition in topsoils collected in 

the vicinity of a copper (Cu) smelter in Tsumeb (semi-arid Namibia), where Hg-rich Cu-concentrates are processed. 

Analysed samples encompassed also Cu concentrates, mining and smelting waste.   

Mercury concentrations in topsoils ranged from 0.03 to 2.72 mg kg-1 and decreased with the distance from the smelter. 

Previous Hg solid speciation analysis revealed in topsoils the presence of Hg bound to organic matter and metacinnabar 

(black HgS). The mean Hg concentrations in Cu concentrates were 30.3 mg kg-1 and varied widely in waste samples 

(0.193−219 mg kg-1). Preliminary isotopic data showed δ202Hg values in the range −1.69 to −1.15‰ and no significant 

mass independent fractionation (Δ199Hg ~ 0‰) in topsoils. There is an evidence of a linear relationship between Hg 

isotope signatures in topsoils and the distance from the smelter that may indicate different Hg origin. The study suggests 

that Hg isotopes might be useful tracer of Hg contamination in areas affected by non-ferrous smelting. 
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Methylmercury occurrence in soils of managed sub-Antarctic lenga forests (Nothofagus pumilio) from 

the ecotone of Tierra del Fuego, Argentina 
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Main plant communities in the ecotone area of Tierra del Fuego (Argentina) are grouped in native Nothofagus forests, 

wet grasslands and peatlands. During last decades, native primary lenga forests (N. pumilio) have been managed for 

wood exploitation. Forestry practices could increase the risks of methyl-Hg mobilization as previous works in boreal 

forests have shown. This study determines methyl-Hg contents in representative samples (n=10) of the uppermost 5 cm 

layer of forest soils from five plots with different management practices: unmanaged plots (control); plots under 

aggregated retention after one (AR-1) and 5 years (AR-5) and under dispersed retention after 1 and 5 years (DR-1 and 

DR-5, respectively). In total, 50 soil samples were digested in duplicate with KOH-methanol and methyl-Hg 

quantification was conducted in a Tekran 2700 analyser. Total Hg, pH, organic C, total N and S, available P and 

exchangeable base cations were also determined.  

Methyl-Hg concentrations ranged from 0.1 to 2.2 µg kg-1 (mean 0.37 µg kg-1) accounting, on average, for 0.5 % of the 

total Hg (range 49-112 µg kg-1). A Kruskal-Wallis test revealed that forestry treatment influenced methyl-Hg levels (F 

= 3.114; p = 0.024), and samples from DR-1 plots were those with the highest concentration (mean 0.67 µg kg-1). Those 

from control, RA-1, RA-5 and RD-5 were 0.29, 0.27, 0.37 and 0.25 µg kg-1, respectively. In DR-1 plots, methyl-Hg was 

inversely correlated with soil pH and N pool suggesting that short-term changes in the biological activity could favour 

Hg methylation. After dispersed retention management, individual trees cover 15-20 % of the basal area and large 

patches of bare soil remain subjected to changes in soil moisture, sunlight exposure or temperature. Fluctuating 

environmental conditions may influence soil microorganisms activity and both soil organic matter decomposition and 

consequently Hg available for methylation could temporarily increase. 
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Mercury levels in the birds of the world: A synthesis 

 

Kang Luo, Xun Wang, WEI YUAN and Xinbin Feng 
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luokang@mail.gyig.ac.cn  

 

Mercury (Hg) is globally distributed, with severe toxic effects on wildlife and human being. Birds are useful 

bioindicators for mercury monitoring programs. Several studies synthesized reginal mercury data in birds (or seabirds) 

at the reginal scale such as the western and northeastern North American, north Atlantic and Arctic, and the further 

analysis on the global scale is urgently needed. In this study, we searched all the published papers related to bird mercury 

concentration since 1990 (and to 2022) comprehensively. We obtained the mercury concentration data of 859 bird 

species that belongs to 115 families and 17 orders from 978 publications. The major sampling sites were in the North 

Temperate zone such as North American and Europe, meanwhile more studies were needed in the tropical region such 

as Southeast Asia where most diverse bird species were inhabited. Most research focused on waterbirds and seabirds, 

but the abundant terrestrial species such as the songbirds had been largely ignored. To make mercury data comparable 

across different tissues, published equations of tissue mercury correlations were used to convert all mercury 

concentrations into blood-equivalent mercury concentrations. Pelagic seabirds, piscivores, carnivores and high trophic 

species exhibited the greatest mercury exposure. We found a decrease of bird blood (or blood-equivalent) mercury 

concentration over the last 3 decades, with some exception groups of which exhibited an elevated tendency. Significantly 

decrease in blood (-equivalent) mercury concentration were detected in Europe bird populations. Bird blood (-

equivalent) mercury concentration exhibited a unimodal pattern along with the latitude, of which increased from the 

equator to temperate zone and then decreased from temperate zone to polar region. The shortcomings of current studies 

on bird mercury concentration were discussed. This would help to address Article 22 (Effectiveness Evaluation) of the 

Minamata Convention on Mercury as a global pollutant. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
283



 

 

Special Session 8: 85255 

 

Innovative analytical methodologies to facilitate Hg detection in natural waters 

 

Claudia Fontas¹, Eva Marguí¹, Sergi Diez 

¹ University of Girona 
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There is a need for simple and efficient techniques facilitate mercury monitoring to obtain reliable and significant data 

concerning contamination in aquatic environments. In this context, chemically functionalized membranes can play an 

important role, and are one of the most promising functionalized membranes existing nowadays. and sometimes also a 

plasticizer can be used to provide elasticity. In this work we have studied how polymer inclusion membranes (PIMs) 

can solve different analytical difficulties in the analysis and/or monitoring of mercury (Hg). PIMs consist of a polymer, 

which provides mechanical strength, the carrier, which is the responsible of the extraction process. A PIM was shown 

to be an effective sorbent to extract Hg from different natural waters, including sea water, without any effect of water 

matrix. Moreover, Hg collected in PIMs was directly analysed by means of an Energy Dispersive X-ray fluorescence 

(EDXRF) spectrometer allowing the direct determination of Hg, without the need of any elution step. Besides, taking 

into account the problems associated with both preservation and storage of aqueous samples for ambient-level Hg, we 

also explored the use of this PIM as a suitable material to preserve the metal until the appropriate analysis is done. It 

was found that the concentration of Hg extracted in PIMs did not change over time (measurements recorded for 5 years). 

These excellent results show PIMs as a suitable tool for Hg monitoring in remote areas. 
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Assessment of elemental mercury outgassing from groundwater and subsurface soils using passive air 

samplers 

 

Caiyan Feng¹, Harald Biester¹ and David McLagan² 

¹ TU Braunschweig, ² Queen's University 

 

caiyan.feng@tu-braunschweig.de  

 

Mercury (Hg) achieves its global distribution primarily in its elemental form (Hg0); the dominant Hg species in the 

atmosphere.  Hg0 can be deposited, oxidized, and, under specific conditions in terrestrial and aquatic systems, 

methylated to methyl-Hg, which is the form of greatest concern to humans and wildlife. Thus, it is important we 

understand fluxes of Hg0 between the atmosphere and terrestrial/aquatic systems. These fluxes are typically studied by 

either flux chamber or micro-meteorological methods, both of which can only provide limited spatially resolved data, 

and are typically limited to above ground deployments. While passive air sampling cannot provide the temporal 

resolution of these active monitoring systems, the state-of-the-art Hg0 passive air sampler (MerPAS) has been shown 

to be highly effective at assessing spatial concentration and emissions flux gradients. 

Here, we aim to investigate the expansion of the MerPAS flux assessments into the subsurface environment to better 

understand Hg cycling and the redox processes driving Hg releases to the atmosphere in different soil-groundwater 

systems. Our study sites within this work include soil-groundwater systems at two former wood treatments (HgCl2) 

facilities in southern Germany as well as a Hg contaminated landfill area in the vicinity of a chemical plant in 

Switzerland. MerPAS samplers were deployed in buried sampling chambers within the soil, as well as deployment at 

different heights within groundwater wells to understand horizontal and vertical pathways of degassing Hg0. MerPAS 

Hg0 concentration gradients were observed both horizontally and vertically, demonstrating the applicability of these 

subsurface MerPAS deployment methods to derive unique information of Hg cycling and fluxes within soil-groundwater 

systems. In addition, groundwater and sub-soil samples were collected along the Hg contaminated groundwater plumes 

and assessed for Hg species, major elements, ions and related physicochemical properties (e.g. dissolved oxygen and 

redox conditions) to provide critical metadata. 
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Using mercury isotopes and chemical speciation to understand legacy Hg re-emission and subsurface 

migration at industrial contaminated sites 

 

Wei Zhu¹, Zhonggen Li, Ping Li², Jonas Sommar³, Xuewu Fu⁴, Xinbin Feng, Ben Yu², Wei Zhang², Ana T. Reis⁵ and 

Eduarda Pereira⁵ 

¹ Swedish University of Agricultural Science, ² Institute of Geochemistry, Chinese Academy of Sciences, ³ Institute of 

Geochemistry, ⁴  Institute of Geochemistry, Chinese Academy of Sciences, ⁵ Complexo de Laboratórios Tecnológicos, 

Universidade de Aveiro 

 

wei.zhu@slu.se  

 

Mercury (Hg) re-emission to the atmosphere and release to the aquatic environment from legacy contaminated sites are 

missing in the global Hg inventory. Transformation processes driving the mobilization of Hg from contaminated sites 

remain largely unclear. In an investigation of a decommissioned chlor-alkali production plant, we have combined 

chemical speciation analysis with comprehensive characterization of the stable isotopic composition of re-emitted Hg(0) 

from and of Hg(II) in the mobile and bulk pool in contaminated substrates (e.g. soil and salt-sludge). Remarkable Hg 

isotope fractionation that overprinted the source signature during Hg(0) re-emission and subsurface Hg(II) migration 

were observed. Hg(0) re-emissions maintained by photoreduction from solid-waste (i.e., salt-sludge) and adjacent 

contaminated surface soils were enriched in lighter isotopes (mean ε202HgHg(0)-THg = -3.29 and -2.35‰, 

respectively), while dichotomous directions of mass-independent fractionation (MIF) enrichment were observed (mean 

E199HgHg(0)-THg = 0.17 and -0.16‰, respectively). We suggest the distinct MIF of Hg(0) re-emission from salt-

sludge and adjacent surface soil was overall controlled by the Hg chemical speciation in the contaminated substrates. 

Vertical migration of legacy Hg from the salt-sludge to the subsurface soil resulted enrichment of exaggerated negative 

MDF (-2.5‰) and notable positive MIF (+0.1‰) in deep soils, likely resulted from Hg(II) partitioning (e.g., sorption to 

organic matter and equilibrium Hg(II)-thiol binding on organic matter) and speciation transformation (e.g., precipitation 

of β-HgS) in the subsurface environment. Our results therefore have important implications for utilizing stable Hg 

isotopes to trace Hg contamination at contaminated sites, particular caution should be taken when the mobilized Hg 

(e.g., gaseous Hg(0), leachate) represented a small pool size of the original sources. 
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Anaerobic mercury methylators inhabit sinking particles of oxic water columns 

 

Claudia Cosio¹, Eric Capo, Jean-Luc Loizeau and Andrea G. Bravo 

¹ University of Reims- Champagne Ardenne 

 

claudia.cosio@univ-reims.fr  

 

Increased concentration of mercury, particularly methylmercury, in the environment is a worldwide concern because of 

its toxicity in severely exposed humans. Although the formation of methylmercury in oxic water columns has been 

previously suggested, there is no evidence of the presence of microorganisms able to perform this process, using the 

hgcAB gene pair, in such environments. Here we show the prevalence of hgc+ microorganisms in sinking particles of 

the oxic water column of Lake Geneva (Switzerland and France) and its anoxic bottom sediments. Compared to anoxic 

sediments, Ssinking particles found in oxic waters exhibited relatively high proportion of hgc genes taxonomically 

assigned to Firmicutes. In contrast hgc+ members from Nitrospirae, Chloroflexota and PVC superphylum were prevalent 

in anoxic sediment while hgc+ Desulfobacterota were found in both environments. Altogether, the description of the 

diversity of putative mercury methylators in the oxic water column and anoxic sediments of Lake Geneva highlight that 

both environments have capability for Hg methylation expanding our understanding of environmental factors triggering 

MeHg formation in aquatic environments and at a global scale. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
287



 

 

Special Session 9: 84420 

 

Sinking particles in anoxic layers of Cariaco Basin as hotspots for mercury methylators 
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julia.dordal.18@gmail.com 

 

Anaerobic microorganisms carrying a hgcAB gene cluster in their genome have the capacity of methylating inorganic 

divalent mercury (HgII) into its neurotoxic form methylmercury (MeHg). The distribution and lifestyle (i.e., free-living, 

and particle-attached) of hgcAB-bearing microorganisms and the surrounding redox conditions might ultimately 

determine the spatial variability of Hg methylation in the ocean. Here, we explored the potential of micro-aggregates to 

act as hotspots for HgII methylation along the Cariaco Basin’s redoxcline, using hgcA abundances as a proxy for Hg 

methylation. A total of 40 metagenomes obtained from the particle-attached and the free-living microbial fractions were 

collected at different depths of the geochemical profile in two occasions, representing both the upwelling and the non-

upwelling period (May and November, respectively). Results revealed a strong relationship between hgcA counts and 

increasing oxygen deficiency along the water column for both size fractions. The hgcA genes were predominant in the 

shallow-anoxic interface, yet also detected in the oxic-anoxic transition. Higher hgcA counts were observed during the 

upwelling season, coinciding with the most pronounced oxygen depletion period due to enhanced microbial 

productivity. More than 80% of the detected hgcA genes derived from particle-attached assemblages, and only 20% 

from the free-living fraction, although ~57% of potential Hg methylators were affiliated to Desulfobacterota in both 

lifestyles (14 and 19 different taxa in particle-aggregate and free-living fractions, respectively). Additional dominant 

potential Hg methylators were revealed from phylum Bacteroidota (1 taxon, 10.4%) in the free-living size fraction and 

phylum Verrucomicrobiota (1 taxon, 10.8%) in micro-aggregates. Overall, our results evince that oxygen deficiency 

strongly augment the potential of biotic formation of MeHg in the Cariaco Basin redoxcline, and that particulate 

aggregates harbour abundant and diverse potential Hg methylating taxa, and therefore, may act as niches for HgII 

methylation in marine systems. 
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Stimulated microbial mercury methylation and microbial community change under reducing redox 

conditions and biochar application in a paddy soil 

 

Felizitas Boie¹, Jianxu Wang², Ying Xing³, Thomas Ducey⁴ and Jörg Rinklebe⁵ 

¹ Bergische Universität Wuppertal; ² Chinese Academy of Sciences; ³ Guizhou Normal University; ⁴ United States 

Department of Agriculture; ⁵ Bergische  Universität Wuppertal 

 

fboie@uni-wuppertal.de 

 

Methylmercury (MeHg) is more toxic than inorganic mercury (Hg). Rice can significantly accumulate MeHg from 

paddy soil, and thus posing MeHg exposure risks to rice consumers. MeHg formation is governed by microbe-mediated 

processes, when soil is temporarily flooded during rice cultivation. However, the microbial methylation of Hg in paddy 

soils under changing redox potentials (EH) due to flooding is not clear. Increased focus had been placed on the 

application of biochar to immobilize Hg, although, its effect on the microbial formation of MeHg is largely unknown. 

To address the above knowledge gaps, we measured MeHg and determined microbial community structure using 

combined phospholipid fatty acid (PLFA) analysis and next-generation sequencing in a paddy soil with and without 

biochar application under controlled EH increasing stepwise from reducing (< 0 mV) to oxidizing (> + 500 mV) 

conditions.  

MeHg concentrations were generally higher under reducing redox conditions. The taxa Anaerolinaceae, 

Peptococcaceae, Desulfovibrionaceae and Geobacteraceae, known to contain MeHg methylators, positively correlated 

with the MeHg/THg ratio, but not with the MeHg concentration itself. Instead, we found positive correlations with 

MeHg and negative correlations with sulfate concentrations for the genera Planococcus, Bacillus and Clostridium (all 

Firmicutes). The PLFA 10Me16:0, biomarker for sulfate-reducing bacteria which were found to mediate Hg 

methylation, correlated positively with dissolved MeHg concentration. Biochar-treated soil had higher MeHg 

concentrations and higher total PLFA concentrations than control (without biochar). Electron acceptors like sulfate and 

nitrate demonstrated lower concentrations, while dissolved iron and manganese as well as dissolved organic matter had 

higher concentrations in the biochar-treated soil. Biochar potentially provided substrates as electron donors and electron 

acceptors mediating redox processes and thus, may have stimulated the microbial community resulting in higher MeHg 

concentrations. Future research should focus on linking redox processes and microbial substrate preferences with MeHg 

formation in paddy soils. 
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Transcriptional control of hgcAB by an ArsR-like regulator in Pseudodesulfovibrio mercurii ND132 

 

Caitlin Gionfriddo¹, Ally Soren², Ann Wymore³, D. Sean Hartnett², Mircea Podar³, Jerry Parks³, Dwayne Elias and 

Cynthia Gilmour² 

¹ La Trobe University; ² Smithsonian Environmental Research Centre; ³ Oak Ridge National Laboratory 

 

c.gionfriddo@latrobe.edu.au 

 

Microbes with the gene pair, hgcAB, produce methylmercury (MeHg), a strong neurotoxin that readily accumulates in 

the food web. The hgcAB gene pair encodes mercury (Hg) methylation capability in a diverse group of microorganisms, 

but its evolution and transcriptional regulation remain unknown. Working from the possibility that the evolutionary 

function of HgcAB may not be Hg methylation, we test a possible link to arsenic (As) resistance. Using model Hg-

methylator Pseudodesulfovibrio mercurii ND132, we evaluated transcriptional control of hgcAB by a putative As 

resistance regulator (ArsR) encoded upstream and co-transcribed with hgcAB. Using qPCR and RNA-seq analyses we 

confirmed this ArsR regulates hgcAB transcription and is responsive to As and S-adenosyl-homocysteine. Additionally, 

transcriptomic analyses indicated a possible link between hgcAB activity and As transformations, with significant up-

regulation of other ArsR-regulated As resistance operons alongside hgcAB. Exposure to As also significantly impacted 

Pseudodesulfovibrio mercurii ND132 Hg-methylation rates, however, responses varied with culture conditions. While 

As significantly increased hgcAB expression, hgcAB gene and transcript abundance was not a good predictor of Hg-

methylation rates.  This highlights the role of Hg bioavailability and other biochemical mechanisms in MeHg production. 

Taken together, these results support the idea that Hg and As cycling are linked in P. mercurii ND132. Furthermore, 

our results may hold clues to the evolution of hgcAB and the controls on Hg methylation in nature. 
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Microbial demethylation of dimethylarsenic in paddy soils 

 

Chuan Chen and Fang-Jie Zhao 

Nanjing Agricultural University 

 

chenchuan@njau.edu.cn 

 

Arsenic (As) is a toxic metalloid that is present ubiquitously in the environment. The mobility of As and the capacity of 

microbial As methylation are enhanced when paddy soil is flooded for growing rice. Dimethylarsenic (DMAs) is the 

main methylated As species accumulated in paddy soils. Excessive accumulation of DMAs in rice can cause the 

physiological disorder straighthead disease. The dynamics of DMAs in paddy soil is controlled by both As methylation 

and demethylation. Our previous studies suggest that methanogens are involved in DMAs demethylation in paddy soil. 

To identify methanogenic species involved in DMAs demethylation, we constructed enrichment cultures of different 

trophic methanogens and compared their capacity of DMAs demethylation. Demethylation of DMAs appears to be 

driven by methylotrophic methanogens. Methanomassiliicoccus was a dominant genus of methanogens in the cultures 

with methanol as substrate. Subsequently, Methanomassiliicoccus sp. CZDD1 was isolated from the culture. Addition 

of strain CZDD1 to the enrichment culture accelerated DMAs(V) demethylation. In addition, anaerobic bacteria are also 

required for DMAs(V) demethylation, likely by promoting the reduction of DMAs(V) to DMAs(III). DMAs(III) is the 

direct substrate for DMAs demethylation by methanogens. Finally, addition of Methanomassiliicoccus sp. CZDD1 to a 

paddy soil enhanced DMAs demethylation and decreased DMAs accumulation and incidence rate of straighthead 

disease of rice. 
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Methylmercury production from Fe-rich Icelandic soils with contrasting organic matter content 

 

Maureen Le Bars¹, Sylvain Bouchet¹, Laurel ThomasArrigo¹, Franziska Schädler², Daniel Straub², Sara Kleindienst³, 

Andreas Kappler² and Ruben Kretzschmar¹ 

¹ ETH Zürich, ² University of Tübingen, ³ University of Stuttgart 

 

maureen.lebars@usys.ethz.ch 

 

Soils in the subarctic region accumulate the anthropogenic Hg that is largely emitted from the temperate and tropical 

regions and dispersed by atmospheric transport. In anoxic conditions, inorganic Hg can be converted to the neurotoxic 

methylmercury (MeHg) by anaerobic microorganisms. Subarctic soils are particularly affected by the impacts of climate 

change (e.g. floods, permafrost thaw) inducing anoxic conditions. Yet, the biogeochemical drivers of MeHg production 

(e.g. Fe, organic matter (OM)) in subarctic soils are not fully understood.  

This study aimed to (i) quantify MeHg production in volcanic soils from Iceland that are Fe-rich and contain short-range 

ordered minerals (e.g. allophanes, ferrihydrite) responsible for OM accumulation, (ii) evaluate the role of soil depth, Fe 

speciation and OM content. We conducted a 4-month anoxic soil slurry incubation using 6 topsoils (0-25 cm) and 3 

subsoils (70-130 cm) with contrasting organic C contents (4-25 wt.%), Fe contents (4-11 wt.%) and C:Fe molar ratios 

(2-31). We followed in parallel the (i) MeHg production and release in the aqueous phase with MeHg concentrations 

measured by GC-ICP-MS, (ii) Fe reduction and solid-phase speciation change by X-ray absorption spectroscopy, (iii) 

microbial communities’ dynamics by 16S rRNA gene amplicon sequencing. 

MeHg production was higher for the topsoils compared to the subsoils, despite a similar C content. Interestingly, the 

highest Hg methylation potential (10%) was observed for a topsoil with a low C content (6%). In contrast, no MeHg 

was measured in another topsoil with a higher C content (23%). MeHg partitioning varied amongst soil types with 92 

to 100% of MeHg in the solid phase. Our data suggest that Geobacter might be abundant key players involved in Hg 

methylation. This study over a large set of soils shows that a complex combination of Fe and C biogeochemical cycles 

is driving Hg methylation in Fe-rich subarctic soils. 
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The key role of dissolved organic matter in microbial mercury methylation in paddy soils 

 

Qiang Pu¹, Bo Meng¹, Jen-How Huang¹, Kun Zhang¹, Jiang Liu¹, Yurong Liu², Mahmoud Abdelhafiz¹ and Xinbin 

Feng¹ 

¹ Institute of Geochemistry, Chinese Academy of Sciences, ² Huazhong Agricultural University, China 

 

puqiang@mail.gyig.ac.cn 

 

Rice consumption has been identified as a significant exposure route of neurotoxic methylmercury (MeHg) that is 

produced in rice paddies and accumulated in rice grains. Dissolved organic matter (DOM) has been known to regulate 

MeHg production, but the role and mechanism of DOM in microbial Hg methylation in rice paddies remain unclear. 

Here, the impact of DOM on MeHg production was investigated via a combination of hgcA gene sequencing, network 

co-occurrence analysis and structural equation models in paddy soils across a Hg contamination gradient. In general, 

the Hg-methylating microbial composition varied largely with Hg contamination level in soils. Surprisingly, a core 

microbiome (i.e., major module) was identified exclusively associated with Hg methylation at each site, since MeHg 

production correlated only significantly with relative abundances of these major modules (r ≥ 0.75, p < 0.05). The partial 

mantel analysis reflected strong linkages among DOM concentration and composition, MeHg production and 

microorganisms in the major modules. According to structural equation model, DOM most likely impacted MeHg 

production (λ ≥ 0.605, p < 0.001) via influencing community composition in major modules (λ ≥ 0.400, p < 0.05) rather 

than entire Hg-methylating microbial communities (λ = -0.79-0.012, p < 0.97). The effect caused by total Hg was 

comparably much smaller. The finding of carbon metabolism genes and hgcA homologs in the same assembled contigs 

and the positive correlation (r = 0.91, p < 0.01) between MeHg production and DOM consumption by Geobacter 

sulphurreducens further evidenced the crucial role of DOM in stimulating core Hg-methylating microbiome for MeHg 

production in paddy soils. 
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Mercury methylation in rice paddy ecosystem 

 

Bo Meng, Jiang Liu, Qiang Pu, Ji Chen, Qingqing Wu, Haiyan Hu and Xinbin Feng 
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The organic form of mercury (Hg), methylmercury (MeHg), is the most toxic compound of this element, which can be 

bioaccumulated and biomagnified along the food chains posing potential threat to human health. Fish eating has long 

been recognized as the predominant pathway of human exposure to MeHg. However, this consensus was recently 

updated in Hg contaminated areas, where rice is the dominant produce and rice consumption is suggested as the 

dominant exposure route of MeHg for local residents. Rice as a potential bio-accumulator plant of MeHg, is the staple 

food for half of the global population; therefore, research concerning Hg cycling in the paddy ecosystem has received 

considerable attention in past decades. Inorganic Hg can be transformed into MeHg in anaerobic conditions. Rice paddy 

soil, as a typical ephemeral wetland, was considered to be a significant setting for Hg methylation, which results to the 

accumulation of MeHg in rice grain. On the basis of the previous studies from our group, we systematically summarized 

the current understanding of Hg methylation in rice paddy ecosystem and its primary controlling factors, including 1) 

the source of MeHg in rice plant, 2) the relative importance of different microbial groups on MeHg production and 

degradation in paddy soils, 3) the relative importance of geochemically relevant Hg(II) species on Hg methylation in 

paddy soils, 4) the geochemical fractionation of the newly deposited Hg in paddy soils, 5) mercury, sulfur, and, nitrogen 

redox cycling affect MeHg production in paddy soils, 6) the key role of dissolved organic matter in microbial mercury 

methylation in paddy soils. Finally, we further identify various research gaps in previous studies and proposes 

commented recommendations for future research. 
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Increasing temperature and flooding enhance arsenic biomethylation and biovolatilisation in Swiss 

soils 

 

Adrien Mestrot¹, Viktoria Mueller², Teresa Chavez-Capilla¹ and Joerg Feldmann² 

¹ University of Bern, ² University of Graz 

 

adrien.mestrot@giub.unibe.ch 

 

Reductive dissolution is one of the main reasons for arsenic (As) mobilisation in flooded soils while biomethylation and 

biovolatilisation are two microbial mechanisms that greatly influence the mobility and toxicity of As. Climate change 

will lead to more extreme weather events such as flooding and higher temperatures, potentially leading to an increase 

in As release and biotransformation. Here, we investigated the effects of flooding and temperature on As release, 

biomethylation and biovolatilisation from two As-rich soils with different pH and As origin. Namely, one acidic, mine 

impacted Umbric Leptosol from Salanfe (VS) and one pH-neutral, geogenically impacted Calcaric Cambisol from 

Liesberg (BL). Flooded soils incubated at 23°C for two weeks showed an increase of 87% (Liesberg site) and 48% 

(Salanfe site) in total As concentration of soil solution compared to those incubated at 18°C. Methylated As and thio-

As species were found in acidic soil and soil solution. Elevated temperature enhanced thiolation and methylation 

although inorganic As remained dominant.  We also show that volatile As fluxes increased more than 4-fold between 

treatments, from 18 ± 5 ng/kg/d at 18°C to 75 ± 6 ng/kg/d at 23°C from Salanfe soil. Our results suggest that high As 

soils with acidic pH can become an important source of As to the surrounding environment according to realistic climatic 

scenarios and that biovolatilisation is very sensitive to increases in temperature. However, further investigations in more 

sites are needed to generalise this statement and these should also include microbial analyses as well as solid-state 

speciation to better understand the role of S and Fe biogeochemistry in this context. 
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Pivokonský³ and Montserrat Filella⁴ 

¹ Institute of Analytical Chemistry of the Czech Academy of Sciences, ² Charles University, Faculty of Science,  
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matousek@biomed.cas.cz 

 

Study of cycling of elements in natural environment requires reliable analytical data. Even with advances in modern 

analytical instrumentation and ICP-MS being a standard equipment of many laboratories, the low natural concentrations 

of some elements pose a considerable challenge for the accurate determination of total concentrations and even more 

for speciation analysis. With elements such as antimony, arsenic, germanium and tellurium, occurring in natural waters 

at ppb or even ppt concentrations, their analysis is further complicated by unfavorable properties such as high ionization 

potential, element distributed into number of isotopes, isobaric and polyatomic interferences and intricate chemistry.  

Advanced speciation analytical methods will be presented. These methods are based on the hydride generation (HG) 

technique, combined with a state-of the art ICP-MS/MS detection. A two-dimensional separation of the species is 

performed: a) redox speciation (trivalent/pentavalent species of As and Sb and tetravalent/hexavalent of Te), based on 

selective HG of species of lower oxidation state at a certain pH, followed by HG of the sum of species after prereduction; 

b) methylated species of As, Ge and Sb are determined by cryotrapping of methyl-substituted hydrides and their gradual 

thermal desorption before ICP-MS/MS detection. 

Analytical parameters of the methods for individual elements will be presented, along with the possibility of using 

“compromise” conditions enabling As/Ge/Sb simultaneous speciation analysis. Data for species found in certified 

reference materials of river water (SLRS-6) and seawater (NASS-7 and CASS-6) will be shown along with examples 

of applications of the methods to relatively clean natural waters (Lake Geneva, drinking water reservoirs in the Czech 

Republic) showing the species distribution in depth profiles in the spring growth season. 

 

Acknowledgement: The Authors thank Czech Science Foundation (23-06530S), Academy of Sciences of the Czech 

Republic (RVO 68081715 and Strategy AV21- VP20-Water for Life), and Charles University (Project SVV 260560) 

for valuable support.  
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Impact of cysteine on Hg methylation and demethylation in the sulfate reducing bacterium 

Pseudodesulfovibrio hydrargyri BerOc1 
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Microbial methylation and demethylation are two competing processes that control the net production of methylmercury 

(MeHg). The chemical speciation of mercury (Hg) is controlled by S-containing molecules, such as thiols and sulfides, 

which govern the extent of Hg transformations; however, the underlying mechanisms are not fully understood. In this 

study, we used isotopically enriched mercury species (199Hg(II), 202MeHg) to study the simultaneous 

methylation/demethylation rates, Hg species partitioning, and molecular speciation of Hg in sulfate-reducing 

Pseudodesulfovibrio hydrargyri BerOc1. Experimental assays were carried out as follows: (i) without external addition 

of S-ligands, (ii) with the addition of increasing concentrations of exogenous cysteine (0.01, 0.1, and 0.5 mM), or (iii) 

with the addition of exogenous sulfide (0.1 mM). The results showed a high methylation rate in the absence of externally 

added ligands, whereas the addition of cysteine or sulfides decreased Hg methylation, regardless of cysteine 

concentration. By quantitatively determining Hg(Cys)2 complexes in extracellular fractions, we showed that Hg(II) was 

mostly present in the form of Hg(Cys)2 in the presence of cysteine. However, the extracellular biodegradation of cysteine 

leads to sulfide formation, shifting the chemical speciation of Hg(II) from Hg(Cys)2 to a more insoluble fraction (e.g. 

HgS(S)). In an assay without externally added ligands, BerOc1 produced and exported low-molecular-weight thiol 

(LMW-RSH) compounds at a total concentration of 120 nM in the assay medium. Chemical speciation modeling showed 

that Hg(II) formed complexes with mixed ligation of biosynthesized LMW-RSH, OH−, and Cl−, suggesting that these 

forms were methylated at higher rates than the more stable Hg(Cys)2. In contrast, the addition of cysteine or sulfide did 

not modify the MeHg demethylation rate, regardless of cysteine concentration. In the presence of cysteine, MeHg was 

mostly in the form of MeHgCys; this complex was not detected in the experiment without externally added ligands or 

with sulfide addition. In contrast to Hg(II), the change in the chemical speciation of MeHg did not affect the 

demethylation rate. 
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The extracellular polymeric substances promote the volatilization of arsenic by a new strain, 

Clostridium acidisoli CK74X. 
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Biovolatilization is the key process governing the biogeochemical cycling of arsenic in the environment. Although some 

bacteria were already recognized to be capable of volatilizing arsenic from soil and water, most of them were selected 

from nutritious soil and sediments. Here, a new strain, Clostridium acidisoli CK74X, was isolated from contaminated 

groundwater from a mining area which provided with the properties of infertility and high toxicity. According to the 

results, the most effective removal rate of arsenite from medium by CK74X was 96.98% after 16-days incubation in 

medium with 0.1 μM As(III), while bioremediation ability was 57.86% in medium with 10 μM As(III) after 18-days of 

incubation. The arsenic volatilization was fitted to Freundlich model. The extracellular polymeric substances, especially 

protein component and polysaccharide component, played important roles in arsenic volatilization. Adsorption sites 

were provided for arsenic, which offered enough time for arsenic volatilization. Besides, functional groups (-OH, C-O, 

etc.) could also help with the arsenic volatilization. For the first time, a strain functioned with arsenic volatilization was 

discovered from a barren environment. The role of their extracellular polymeric substance in the transformation of 

arsenic was also revealed. This study would contribute to the development of arsenic volatilization techniques for 

boosting bioremediation of arsenic contamination in barren area on a knowledge-based control. 
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The role of Cyclotella meneghiniana in mercury cycling: Evidence of CH3Hg demethylation and Hg(II) 

reduction 

 

João Santos¹, J. Garcia Calleja², E. Tessier², S.  Le Faucheur², David Amouroux³ and Vera Slaveykova⁴ 

¹ Univerrsity of Geneva, ² University of Geneva, ³ University de Pau et des Pays de L'Adour, IPREM, ⁴ University of 

Geneva / Department F.-A. Forel 

 

joao.rodriguespereirasantos@unige.ch 

 

The role of phytoplankton species in mercury cycling is still not fully understood, however some recent findings 

highlighted their potential for mercury transformations and underline the necessity for additional research. The present 

study aims to investigate the role of freshwater diatom Cyclotella meneghiniana in mercury cycling, specifically, its 

capacity to bioaccumulate and transform Hg species. Species-specific isotope tracers technique was applied to quantify 

the uptake, methylation and demethylation by diatom Cyclotella meneghiniana. The changes in the 199Hg(II) and/or 

201CH3Hg concentrations (3 nM and 0.3 nM, respectively) over exposure time were followed by gas chromatography 

coupled with inductively coupled plasma mass spectrometry (GC-ICP MS), where the subcellular distribution of the 

mercury species was investigated. Additionally, the biological ability of Cyclotella meneghiniana to reduce Hg(II) was 

determined by quantifying purgeable Hg(0). The system was compared with the absence of diatom cells to differentiate 

the contribution of abiotic transformations. 

Results demonstrated a significant accumulation of 199Hg(II) and 201MeHg by C. meneghiniana, and 201MeHg 

demethylation into 201Hg(II). Demethylation was found to occur in the heavy subcellular fraction corresponding to 

granules and cell debris. Additionally, natural Hg(II) reduction to Hg(0) was shown to be biologically mediated and was 

not connected to the photosynthetic system since both light and dark incubation presented similar results (0.9-1 % h-1). 

Our study shows that diatoms, as a major phytoplankton group, contribute to the incorporation of mercury at the base 

of the food webs and to the transformation of mercury species. 
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Anaerobic arsenic methylation by Paraclostridium bifermentans strain EML 

 

Rizlan Bernier-Latmani¹, Jiangtao Qiao², Karin Lederballe Meibom, Hugo Sallet and Nicolas Jacquemin 

¹ Ecole Polytechnique Federale de Lausanne  - EPFL, ² EPFL 

 

rizlan.bernier-latmani@epfl.ch 

 

Arsenic methylation is a microbial process that results in the formation of methylated arsenic species, some of which 

are volatile. While this process has been evidenced multiple times in anoxic soils, there are few anaerobic arsenic 

methylating microorganisms. The distinction between aerobic and anaerobic arsenic methylation is important because 

of the distinct toxicity of reduced or oxidized methylated arsenic species. A recent isolate, Paraclostridium bifermentans 

strain EML, has been shown to reliably methylate arsenic but the underlying controls on methylation are unconstrained. 

Thus, we sought to investigate the drivers for anaerobic arsenic methylation in strain EML. We grew the bacterium 

while varying the concentration of growth substrate in order to probe whether substrate limitation may be a control for 

methylation. This hypothesis is based on concept of microbial warfare, by which arsenic methylating microorganisms 

would produce the highly toxic trivalent mono-methylated arsenic species (MMAs(III)) to inhibit other microorganisms. 

We reasoned that, if methylation is a response to competition, growth substrate limitation may enhance that activity. 

Indeed, we observed an inverse correlation between arsenic methylation and growth substrate such that substrate 

limitation resulted in a greater (biomass-normalized) concentration of MMAs(III)and greater expression of arsM. 

Further work has shown that Escherichia coli wild-type (WT) exhibits less growth than the same strain modified to 

harbor ArsP (an efflux pump for MMAs(III)), in the presence of strain EML. The results point an ecological role of 

anaerobic arsenic methylation in inhibiting other microorganisms to gain an advantage. 
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Assessment of U and Th (bio)availability within a former U mine-impacted wetland 

 

Pascale Henner¹, Loic Carasco¹, Frédéric Coppin¹, Laureline Février¹ and Virginie Chapon² 

¹ Institut de Radioprotection et de Sûreté Nucléaire (IRSN), ² CEA 

 

pascale.henner@irsn.fr 

 

Assessment of the impact of naturally occurring radionuclides (NOR) within terrestrial biotopes of uraniferous territories 

is a sound issue. Among others, it requires deep understanding of NOR transfer within the soil-water-

microorganisms/plants continuum. In this study, part of RADONORM (european-funded) and Needs-Environment 

INSPECT projects, we combined in-situ and lab characterization of samples taken from a small wetland downstream a 

former U-mine (Rophin site, France). Soil cores and co-located plants (Caltha palustris, Scirpus sylvaticus) were 

sampled in 2 zones, where a layer of U-rich materials originated from decantation pound leakage is present or not 

(control) in the root-colonized horizons. Samples were characterized for U and Th contents. Environmental availability 

and bioavailability were assessed in some soil layers respectively by successive batch desorption and by the ISO 

normalized RHIZOtest with ryegrass as test plant. 

U has an heterogenous distribution within the soil profile with higher concentration in the U-rich materials layer. In situ-

U Transfer Factors ([U]leaves/[U]soil) were not different between the 2 zones despite contrasted soil and plant 

concentrations. For Th, plant concentrations and TF values were lower in the control zone than in the impacted one 

despite similar concentrations in soil. Environmental availability of U (0.3 to 3%) and Th ( < 0.1%) was low in all soil 

layers, with higher values in organic surface horizons of both zones for Th. These values differ from those of bioavailable 

U and Th assessed by the RHIZOtest experiments. The latter are lower than the environmental available ones for U in 

the mine layer and in organic layers for Th, whereas the opposite is observed for U in both horizons of the control zone 

and for Th in the deeper horizons of both zones. Results highlight the complex link between element speciation, 

solution/root relationships and transfer intensity and illustrate the remaining challenge to link availability/bioavailability 

experiments. 

 
 
 
 
 
 
 
 

 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
301



 

 

Special Session 11: 84125 

 

Vertical distribution of trace metals and radionuclides in pore water of contaminated wetlands: 

comparing DGT, DET, centrifugation and rhizon sampling 

 

F. Xavier Dengra i Grau¹, Liesbeth Van Laer², Lieve Sweeck² and Erik Edward Smolders³ 

¹ Belgian Nuclear Research Center (SCK CEN) ·  KU Leuven, ² Belgian Nuclear Research Center (SCK CEN) ; ³ KU 

Leuven 

 

fdgrau@sckcen.be 

 

The speciation of trace metals and radionuclides in soil largely changes in response to soil flooding. In Flanders (BE), 

strongly metal contaminated soils near the Grote Nete river will be included in a larger program of wetland construction 

for mitigating climate change. Parts of the riparian soils have been historically contaminated by flooding of contaminated 

river water and contain high concentrations of Zn, Ni, Cd, As and Pb together with anthropogenic traces of Cs-137, U-

238, Am-241, Ra-226, and Co-60. Their upward migration from soil to the overlying water is a main risk dependent 

upon the pore water concentration gradients that will occur after flooding. Hence, these gradients need to be identified. 

Pore water sampling in recently reduced soils is subjected to oxidation artifacts. Here, we aimed to evaluate different 

methods to detect the vertical spatial distribution of the elements and their speciation at different degrees of soil 

reduction. To this goal, fresh, undisturbed non-flooded soil columns (h=35 cm, d=16 cm) were sampled and permanently 

flooded in a ~100 L tank with a synthetic solution emulating the Grote Nete river water concentrations (major 

cations/anions) for periods of 3, 30 and 100 days.  

We compared several methods to detect pore water metal and radionuclide concentrations.  Spatula-shaped Diffusive 

Gradients in Thin Films (DGTs) were deployed in the columns. Their binding layers were gel-dried and measured via 

Laser Ablation ICP-MS to attain a full spatial distribution on the water-sediment interface and the top 12 cm of the soil. 

We compared these measurements with spatula-shaped Diffusive Equilibrium in Thin Films (DETs), rhizon sampling 

and double-chamber centrifugations as additional pore water measurements. This was complemented with data of soil 

redox potential, soil respiration, and other physicochemical measurements at various column depths. Results will 

provide a novel step towards a valuable data input for context-dependent geochemical modelling. 
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Salinity and redox oscillation induced changes in phosphorus bioavailability and speciation in tidal 

salt marsh sediment 

 

Sunendra Joshi, Mohammad Afsar, Jing Yan, Chunhao Gu, Yan Jin and Donald Sparks 

University of Delaware 

 

joshi@udel.edu 

 

Climate change induced flooding and rising seas can significantly enhance seawater intrusion and impact physical and 

biogeochemical properties of tidal saltmarsh sediments in coastal areas. Due to increasing saltwater intrusion, sediments 

are subjected to increases in ionic strength, sulfidation, and alkalization, which can impact phosphorus (P) dynamics 

and thus, affect water quality. Further, inundation of seawater and redox oscillations can induce changes in redox 

sensitive elements, e.g., Fe, which directly impacts sediment P speciation and its bioavailability. In this study we 

investigate salinity and redox oscillation induced changes in P speciation and bioavailability along a transect in a tidal 

salt marsh at the St. Jones Reserve near Delaware Bay. Based on salinity gradient along the transect, we selected four 

locations where soil cores were collected and characterized for various chemical and physical properties. In addition, 

we installed sensors to provide in situ monitoring of parameters such as pH, salinity and redox potential changes and 

piezometers where monthly porewater samples were collected and analyzed for various chemical properties e.g., pH, 

EC, Eh, PO4
-, DOC, NO3

- , NH4
+ etc. Soil P and Fe species were determined using a sequential extraction technique and 

X-ray absorption spectroscopy (XAS). The results show increased salinity, greater total P, and poorly crystalline iron 

oxides, but lower “free” iron oxides in the soil along the transect. Further, results from both extraction and X-ray 

absorption near edge structure (XANES) analysis show Fe/Al bound inorganic P (Pi) is the largest P fraction and it 

increased with increased salinity. The porewater Pi concentration increased with reducing conditions, and increased 

salinity and Fe2+ concentrations. In the locations with high salinity, reductive dissolution of Fe oxides and increased 

microbial activities, particularly during summer, most likely contributed to release of Pi into porewater. Laboratory 

microcosm experiments, to mimic field conditions, combined with field observations will provide a deeper 

understanding on how salinity and redox oscillations impact P biogeochemistry in these soils. 
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Flooding of an As-contaminated gold mine tailing in Ghana heightens its associated ecosystem risks of 

nearby surroundings and alters its speciation 

 

Albert Kobina Mensah¹, Bernd Marschner², Jianxu Wang³, Jochen Bundschuh⁴, Shan-Li Wang⁵, Sabry M. Shaheen⁶ 

and Joerg Rinklebe6 

¹ CSIR - Soil Research Institute, ² Ruhr Universität  Bochum, ³ State Key Laboratory of Environmental Geochemistry, 

Institute of Geochemistry, Chinese Academy of Sciences, 550082 Guiyang, P.R. China, ⁴ University of Southern 

Queensland, UNESCO Chair on Groundwater Arsenic within the 2030 Agenda for Sustainable Development, West 

Street, Toowoomba, 4350 Queensland, Australia, ⁵ Department of Agricultural Chemistry, National Taiwan 

University, 1 Sect. 4, Roosevelt Rd., Taipei 10617, Taiwan, 6 University of Wuppertal 

 

albertkobinamensah@gmail.com 

 

The redox-induced mobilization and speciation of arsenic (As) at polluted gold mining sites in tropical climates is largely 

unknown. We investigated the effect of variations in soil redox potential (EH) (-54 mV to +429 mV) on the mobilization 

of As and its dominant species in an abandoned spoil (total As = 4,283 mg/kg) using an automated biogeochemical 

microcosm setup. Arsenic mobilization increased in anoxic EH conditions (maximum dissolved As was 136.7 mg/L), 

but decreased in oxic conditions (maximum dissolved As was 5.8 mg/L). Multiple stepwise regression revealed that 

dissolved Fe governed As mobilization, accounting for 97 percent of the data variation. The main As species found in 

mine spoil were sorbed-As(V)-goethite, sorbed-As(III)-ferrihydrite, scorodite, and arsenopyrite, according to XANES 

analysis. As(V) predominated in anaerobic environments and As(III) predominated in aerobic environments, which 

could be attributed to arsenate bacteria's failure to decrease As or incomplete reduction. As a result, during the reducing 

conditions, the oxidized fraction of As was retained. Lower Fe/As molar ratios under anaerobic conditions suggest that 

mine debris may migrate As into watercourses during flooding. As a result, mitigating methods should aim to avoid 

lowering conditions while promoting aerobic conditions, limiting As mobilization from the mine field. 
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The odyssey of cadmium in cacao trees 

 

Hester Blommaert, Anne-Marie Aucour, Mattthias Wiggenhauser, Umaharan Pathmanathan, Erik Edward Smolders 

and Géraldine Sarret 

 

hester.blommaert@gmail.com 

 

Cadmium (Cd) concentrations in cacao often exceed food limits. The research on strategies to reduce Cd accumulation 

in cacao beans is currently limited by a lack of understanding of the Cd transfer pathways within the cacao tree1. We 

elucidated the mechanisms that control Cd transfer in a high Cd accumulating cultivar by a combination of Cd stable 

isotope analyses and X-ray absorption spectroscopy. The latter is providing insights on Cd speciation whilst isotopic 

fractionation is increasingly used to infer Cd pathways in plants. Vegetative (roots, branches, leaves) and reproductive 

(placenta, nib (seed), testa (seed envelope), pod husk) tissues were collected from three genetically identical trees in a 

conservatory of cacao cultivars in Trinidad (soil Cd: 0.3 mg Cd kg-1). The plant Cd concentrations were 10-28 higher 

than the topsoil Cd concentrations and increased as placenta < nib < testa < pod husk < root < leaf < branch. Mass 

balance estimations indicated that the largest fraction (57%) of total plant Cd was present in the branches where it was 

primarily bound to carboxyl-ligands (60-100%) and mainly localized in the phloem rays and phelloderm of the bark. 

The retention of Cd in the roots was low, and light Cd isotopes were retained in the roots while heavier Cd isotopes 

were transported to the shoot, as observed in annual crops. The isotope fractionation data further revealed that the main 

contribution of nib Cd was from the phloem tissues of the branch rather than from leaf remobilization, contrastingly to 

annual crops. In the nibs, Cd was mainly bound to oxygen ligands (60-90%), with phytate as the most plausible ligand. 

This study extended the limited knowledge on Cd accumulation in perennial, woody crops and revealed that the Cd 

pathways are markedly different than in annual crops, which has implications for mitigation strategies2. 

  

                                          

 References:  

1. Vanderschueren, R., Argüello, D., Blommaert, H., Montalvo, D., Barraza, F., Maurice, L., et al. (2021)  Science of 

the Total Environment, 781, p. 146779.  

2. Blommaert H, Aucour A-M, Wiggenhauser M, Moens C, Telouk P, Campillo S, Beauchène J, Landrot G, Testemale 

D, Pin S, Lewis C, Umaharan P, Smolders E and Sarret G (2022) Front. Plant Sci. 13,1055912. 
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Environmental implications of trace element mobility in fly ash from wood biomass as  “carbon debt 
payback” fuel alternative to coal 

 

Sebastian Stefaniak¹, Ewa Miszczak², Henryk (Harry) Kucha†³, Ewa Kmiecik⁴, Klaudia Sekuła³ and Irena 
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¹ Institute of Environmental Engineering of the Polish Academy of Sciences, ² Institute of Environmental Engineering 

of the Polish Academy of Sciences, ³ AGH University of Science and Technology, ⁴ AGH University. of Science and 

Technology, ⁵ Istitute of Environmental Engineering of the Polsh Academy of Sciences 

 

irena.twardowska@ipispan.edu.pl 

 

An important issue regarding wooden biomass energy is waste generation, unlike other renewable energy sources, and 

their environmental safety and applicability to disposal and utilization. The comparative evaluation of leaching behavior 

of fly ash from circulating fluidized bed boilers (CFBB) fed mostly with woody biomass (BFA) vs. bituminous coal 

(CFA) was conducted on the representative material from large Polish power plants. Column experiments and two 

standard liquid/solid (L/S) partitioning methods with parallel batch extraction procedure under liquid-solid chemical 

equilibrium were applied: (1) As a function of L/S ratio from 0.5 to 10, at the self-adjusting pH; (2) As a function of 

extract pH in the target range from pH 13.0 to 2.0, at L/S=10. In comparison with CFA, BFA showed lower contents of 

As, B, Ba, Be, Co, Cr, Li, Mo, Ni, Pb, Tl, V, Zr , higher content of Cd (2-3-fold) and variable contents of Cu. However, 

not the total content, but susceptibility to release determines possible element impact on the environment. These 

properties depend upon the phase, textural and porosity characteristics, hydraulic conductivity and grain size 

distribution, affecting contact of soluble phases with percolating water. This research showed that trace elements were 

more readily released in hazardous concentrations from the BFA at alkaline, but in particular at acidic pH. The actual 

threat may be hidden due to considerably longer time of BFA acidification. Due to easiness of woody resource 

mismanagement at the growing demand in fuel, in spite of the best legal basis, the global deforestation, desertification 

and related to it climate changes will inevitably accelerate, as it is occurring right now. For this reason, woody biomass 

must be excluded from the list of substitutes of fossil fuels for electricity generation. 

 

Acknowledgment: This study was supported by the Polish National Center of Science (NCN), grant No. UMO-

2011/03/B/ST10/06128. 

It is a tribute to the brilliant scientist Henryk (Harry) Kucha and the wonderful analyst Wiesław Knap who passed away 

during COVID-19. 
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Application of phytohormones may alleviate abiotic stresses and improve phytoextraction with 

Noccaea caerulescens 
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Noccaea caerulescens represents one of the hyperaccumulator plants used in phytoextraction of trace metals from 

contaminated soils. However, the implementation of treatment processes based on its extraction capacities is challenged 

by different abiotic stresses present in the multi-contaminated environments. The aim of this study was to explore the 

phytoextraction efficiency and antioxidant response of N. caerulescens when subjected to different abiotic stresses as 

well as the role of phytohormones application on the plant response. For that, plants from two populations of N. 

caerulescens originating from metallicolous (Ganges) and non-metallicolous (Chavignée) sites were cultivated in 

hydroponics. They were first exposed to moderate trace metal concentration for 8 weeks and then various stresses and 

hormone treatments were applied for 3 weeks: salinity (NaCl at 45 mM), drought (polyethylene glycol at 5%) and 

organic contaminants (phenanthrene at 200 µM), along with exogeneous application of the phytohormones 24-

epibrassinolide (10-9 M) and indole-3-acetic acid (10-8 M). The different combinations of stresses and hormone 

application (alone or combined) led to 16 treatments per population conducted in five replicates. The exposure to stresses 

resulted in a reduction in the growth parameters, along with the upregulation of antioxidant compounds and enzymes, 

together with limitations in nutrient uptake and heavy metals extraction in N. caerulescens. As expected, the 

phytohormone application effects were stress and hormone dependent. For most parameters, salinity had a negative 

impact on plant functioning that could not be alleviated by hormone application. For drought stress, negative impacts 

could be overcome by IAA application while PHE stress was more alleviated by EBR application. The mix of both 

hormones was in most cases efficient as well. As well as for metal extraction, both populations answered differently to 

both stress and hormone applications. This suggests that the difference in defense capacity and phytoextraction ability 

might ensue different tolerance. The distinction may be related to the adaptations acquired by each population depending 

on the soil type it originated from. 
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Copper extraction potential of citrate and malate in vineyard soils 
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Long-term copper (Cu) contamination in agricultural soils due to the application of Cu-based fungicides has shown to 

impact soil health, particularly soil biodiversity, nutrient bioavailability, and plant health. To cope with excessive metal 

concentrations, plants release root exudates such as malate and citrate into the rhizosphere. These carboxylates can alter 

Cu uptake by forming complexes and thus influencing Cu availability. In this study, we aimed to evaluate the Cu 

mobilization potential of malate and citrate in three chronically contaminated vineyard soils with increasing Cu content 

(60, 108 and 200 mg kg-1). Copper was extracted for 24h through shaking with different combinations of citrate, malate, 

as well as KNO3 as a background electrolyte and NaN3 for preventing microbial degradation of the carboxylates. After 

the extraction, the solution was analyzed for Cu content, as well as for the carboxylate content. Both malate and citrate 

presented the potential to mobilize Cu in respect to the control solutions. The two carboxylates in combination revealed 

the strongest extraction capability, followed by citrate and malate alone. This is most likely due to the slightly larger 

conditional stability constant of citrate in respect to malate. The mobilization potential also decreased with decreasing 

soil pH, higher soil organic matter content and higher clay content. Moreover, both carboxylates are rather degraded 

than adsorbed to soil particles, indicating a strong influence of microbial activity. Citrate displayed higher adsorption to 

soil particles than malate, most likely due to a higher affinity for minerals. It can therefore be concluded that not only 

the type of carboxylate determines Cu mobilization but rather the combination of soil pH, organic matter content, soil 

texture, and microbial activity. 
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How heavy metals influence bacterial and fungal alpha-diversity in soil, sediment, and rhizosphere: A 

meta-analysis 
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The response of soil microbial alpha-diversity to heavy metals (HMs) accumulation in soils is still debated. Here, we 

report the first meta-analysis on the response of soil microbial alpha-diversity to the addition of cadmium (Cd) and 

copper (Cu). We considered the studies using the DNA metabarcoding of bacterial and fungal communities conducted 

between 2013 and 2022 to overcome limitations of other techniques, e.g. Denaturing Gradient Gel Electrophoresis or 

cultivation. This resulted in 66 independent experiments reported in 32 primary papers across four continents. In bulk 

and rhizosphere soil and sediments, we found a Cu-dependent and dose-dependent negative response of bacterial alpha-

diversity to doses exceeding 29.6 mg kg−1 (first loss of −0.06% at 30 mg kg−1). The maximal loss of bacterial alpha-

diversity registered was 13.89% at 3837 mg kg−1. Additionally, the effect was significantly more substantial in acidic 

soil conditions. Our results confirm that the type of metal is a fundamental condition discriminating the responses of 

microbial alpha diversity in soil, sediments and rhizosphere. Moreover, our study highlights that the behaviour of 

bacterial communities diverges from soil macro-organisms since even extreme doses of Cu do not cause a dramatic loss 

in bacterial alpha diversity in the environments investigated. Nevertheless, additional studies are needed about the long-

term chronic effects of Cu on soil microbial diversity since most of the studies in literature considered only acute effects. 
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Long-term terrestrial ecotoxicity of trace elements in a context of intensive organic fertilization in 
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Despite the induced contamination in trace elements by organic fertilization, either their availability and bioavailability 

to soil organisms do not seem to increase on a decade. This is due to a protective effect of the increase in pH and 

concentration and complexation properties of soil organic matters. On a longer term, it remains to be determined whether 

the observed protective effect will be sufficient to contain ecotoxicological impact of slow but continuous agricultural 

soil contamination.  

In this study we determined the potential ecotoxicological impact on soil organisms in a market garden soil contaminated 

by trace elements (Cd, Cu, Ni, Zn) in a context of intensive organic fertilization on a century. Data were obtained from 

a field trial conducted from 2004 to 2011. Five market garden crops were cultivated and received biannual applications 

of either pig slurry or poultry manure in comparison to a reference mineral fertilization. A mass-balance model was used 

to predict trace element soil concentration on a century for the different fertilization treatments. The evolution on a 

century of the predicted no effect concentration (PNEC) was estimated using the Threshold calculator for metals in soil 

with the REACH approach (i.e. 10% of toxic effect – EC10 – and 5% of impacted soil organisms – HC5). 

The results showed an increase in pH, organic matter and Cu and Zn concentrations in soil. The mass-balance model 

predicted well the observed trends of trace element concentrations in soil of the decade of monitoring. When 

extrapolating this intensive organic fertilization scenario on a century, the PNEC were not reached for Cd and Ni. 

Concerning Cu and Zn, the soil concentrations reached in average the PNEC values after 30 and 60 years. These results 

suggest that intensive organic fertilization may have an ecotoxicological impact on a few decades that should be further 

confirmed experimentally. 
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Assessing copper tolerance and phytoremediation potential of wild vineyard flora 
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Soils in vineyards are often contaminated with copper (Cu) due to the use of Cu-based fungicides e.g. Bordeaux mixture, 

even in organic viticulture. This copper contamination can induce a change in wild vegetation, and the flora growing in 

these ecosystems is likely to offer a potential for phytoremediation. 

The objective of this study is to evaluate the potential of copper accumulation in two plants from a temperate area 

(Nouvelle Aquitaine region, France) and the mechanisms of Cu sequestration. After a survey of vineyard flora, two 

plants, Chenopodium album and Amaranthus retroflexus were selected. Plants were grown in pots on alkaline and acidic 

vineyard soils at three copper concentrations: “natural” concentration (40 µg.g-1, for the alkaline soil and 260 µg.g-1  for 

the acidic soil). The alkaline soil was spiked to 240 and 400 µg.g-1 while the acidic soil was spiked to 600 and 1800 

µg.g-1 using addition of Bordeaux mixture. Soils were characterized and Cu bioavailability was measured with various 

extractants (water, CaCl2 and NH4NO3). After 4 months, plants were harvested and Cu concentrations were measured 

in roots, stems, leaves and fruits. To assess the mechanisms of metal sequestration, Cu distribution was investigated in 

the tissues using synchrotron micro X-ray fluorescence (µXRF) and Cu speciation was determined by both micro-X-ray 

absorption near edge structure spectroscopy (µXANES) and Extended X-ray absorption fine structure spectroscopy 

(EXAFS). 

Results showed that plants were able to grow on alkaline soil only. In contrast to A. retroflexus, C. album showed a 

decrease in above-ground biomass production at 400 µg.g-1, indicating copper stress. Cu concentrations in the organs 

indicated that both plants were not able to transfer copper to the aerial parts, in agreement with an exclusion strategy. 

Results of Cu localization and speciation will be presented and the potential of wild plants in Cu sequestration will be 

discussed. 
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Fungicide-borne Cu fate in vineyard soils revealed by combined isotopic and XAS analyses. 

 

Zuzana Fekiacova-Castanet¹, Emmanuel Doelsch², Adrien Duvivier¹, Marie-Laure Pons¹, Manon Pierdet³ and 

Laurence Denaix³ 

¹ CEREGE, CNRS, Aix Marseille Univ, IRD, INRAE, Aix-en-Provence, France, ² CIRAD, UPR Recyclage et risque, 

F-34398 Montpellier, France, ³  ISPA, Bordeaux Sciences Agro, INRAE, 33140, Villenave d’Ornon, France 

 

laurence.denaix@inrae.fr 

 

Copper is the main fungicide used in vine and fruit production, also authorized in organic agriculture. Accumulation of 

Cu in the surface horizons of soils due to repeated inputs of Cu-based treatments has been demonstrated (e.g., Brunetto 

et al., 2018; Fernandez-Calvino et al., 2009), but the long-term fate of this excess Cu is not yet completely understood. 

Published XAS-based studies agree with previously documented affinity of Cu for OM (Sonoda et al., 2019; Strawn 

and Baker, 2009; Jacobson et al., 2007; Boudesocque et al., 2007) and show that, with exception of OM-poor soils, 

mineral compounds (Fe-oxyhydroxides, clay minerals, carbonates) play only minor role in Cu accumulation (Strawn 

and Baker, 2009). However, the questions of Cu mobility, bioavailability and toxicity and of the effect of soil properties 

and climatic conditions on Cu-remobilization remain unanswered.  

We studied a chronosequence of acidic soils characterized by increasing vine age. We combined the Cu isotopes with 

XAS analyses with the aim of shedding light on the fate of Cu from the fungicide in vineyard soils. We observed Cu-

accumulation in the surface horizons of the Cu-treated soils, which is consistent with the age of the vine. However, the 

Cu isotopic compositions yield unexpected results. The surface soil under the oldest vine (> 70 years) has d65Cu values 

intermediate between those of the control soil and the soil under the 3-year old vine. We hypothesized that (i) the 

observed isotopic variations record the redistribution of Cu from the fungicide between different soil compartments and 

(ii) the initial speciation of the accumulated Cu is not a permanent feature but changes with time. The first XAS analyses 

confirmed the rapid transformation of fungicide-borne Cu speciation after its deposition on soil. Furthermore, the 

variations of Cu speciation observed between the young (3 years) and the old (>70 years) vineyard soil support the 

hypothesis of the long-term ”ageing” process responsible for a redistribution of the excess Cu in the surface horizons. 
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Does sulfate addition to soil increase the solubilisation and the availability of cadmium for durum 

wheat? 

 

Agathe Vidal, Christophe Nguyen, Noémie Janot, Pierre Eon, Cécile Coriou and Jean-Yves Cornu 

  ISPA, Bordeaux Sciences Agro, INRAE, 33140, Villenave d’Ornon, France 

 

agathe.vidal@inrae.fr 

 

Cadmium (Cd) is a trace metal toxic to humans that naturally occurs in agricultural soils. Durum wheat naturally 

accumulates more Cd in grains than other cereals, and can reach concentrations close to the regulatory limit of 0.18 mg 

kg-1 set by European Union (EC 1323/2021). In literature, the addition of large amounts of sulfates (S-SO4) to soil was 

shown to enhance the solubilisation and the availability of Cd for plants, due to the formation of Cd-SO4 complexes. 

The main objective of our study was to assess if the availability of Cd for durum wheat was changed by S fertilization 

of cereals, and, if yes, if it was due to sulfates or to the associated counter ions.   

Two agricultural soils naturally contaminated with Cd were collected in the field: a clay limestone soil and a non-

calcareous loamy soil. The effect of two forms of S-SO4 commonly used as S fertilizers (K2SO4 and (NH4)2SO4), and 

of their respective control (KNO3 and NH4NO3) were applied to soils samples in controlled conditions at agronomic 

rates. After 1 and 21 days of incubation, total soluble Cd and its free ionic fraction in 0.005 M KNO3 extract were 

determined along with the pH and the concentration of soluble carbon and other main chemical elements. 

In the non-calcareous soil, the solubility of Cd increased both with the S fertilizers and in the controls, suggesting that 

it was not due to the formation of CdSO4 complexes but to ion exchange between Cd sorbed onto the solid phase and 

the counter ions (NH4
+ and K+) supplied with S fertilizers. In the limestone soil, the solubility of Cd was selectively 

increased in the (NH4)2SO4 treatment for reasons yet to be determined. A modeling approach using the ORCHESTRA 

model is underway to highlight the mechanisms of Cd solubilisation in both soils. 
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Ability of aerated compost tea to increase the availability of copper in vineyard soils 

 

Pierre Eon¹, Jean-Marc Deogratias², Agathe Vidal¹, Laurence Denaix¹, Laurent Ouerdane³ and Jean-Yves Cornu¹ 

¹ ISPA, Bordeaux Sciences Agro, INRAE, 33140, Villenave d’Ornon, France, ² ASTREDHOR Sud-Ouest, ³ 

Université de Pau et des Pays de l'Adour, IPREM 

 

pierre.eon@inrae.fr 

 

The soil of many vineyards is contaminated by copper (Cu) due to the long-term use of Cu-based fungicides. 

Phytoextraction might be an option to reduce the Cu contamination of vineyard topsoils and, thereby, to alleviate its 

deleterious effect on vineyard ecosystems. However, Cu phytoextraction yields are not yet sufficiently high, partly due 

the strong affinity of Cu for the soil solid phase that limits its availability for plant roots. Soluble humic substances 

(SHS), contained in aerated compost tea (ACT), are expected to increase the availability of Cu in soil because they are 

able to complex Cu in the soil pore water (Borggaard et al. 2019). The main objective of this work was to disentangle 

the effect of a supply of ACT on the solubilisation of Cu in vineyard soils. 

Five Cu-contaminated vineyard topsoils with contrasted characteristics (texture, OM content, CaCO3 content, pH) were 

supplied or not with ACT, and extracted after 1 and 21 days of incubation with 0.01 M KCl. The solution extraction 

was characterized as follows: pH, absorbance at 254 nm (A254), elemental profile and free ionic fraction of Cu (fCu), 

and was analyzed by SEC-ICP-MS to determine the size distribution of Cu complexing ligands.  

The solubility of Cu increased in every soil in presence of ACT. The increase in Cu solubility was associated with a 

decrease in fCu, a proportional increase in A254, and a shift in the size of Cu complexing ligands to molecular weights 

above 10 kDa. Taken together, these results validate the hypothesis that the SHS present in ACT solubilize Cu by ligand-

controlled dissolution. A modelling approach is underway to assess the contribution of SHS-Cu complexes to Cu uptake 

by plant roots, based on an experimentally measured value of their lability. 
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Thermodynamic sublattice model for the aqueous solubilities in the apatite solid–solution system 

Ca5(PO4,VO4)3(OH,F) with eight endmembers 

 

Michael Kersten¹ and Dmitrii Kulik² 

¹ Johannes Gutenberg-University, ² Paul-Scherrer-Institute 

 

kersten@uni-mainz.de 

 

To understand the elevated vanadate concentrations in contaminated soils and aquifers, and the toxic effects of the 

oxyanion on the human skeletal system, the solubility products of the solid solutions between phosphate and vanadate 

phases in the apatite supergroup system Ca5(PO4,VO4)3(OH,F) were investigated. Different members of the binary 

apatite solid solutions were prepared and characterized by using X-ray diffraction and chemical analysis. The dissolution 

of the synthetic solids was studied at 25°C in a series of aqueous batch equilibrium experiments. The pH values increased 

rapidly at the beginning of dissolution and remained constant after 24–36 h, indicating a steady state, and the solute 

concentrations indicated stoichiometric cation and anion release. The solubility of the solid solutions increased with an 

increase in the mole fraction of vanadate, with orders of magnitude higher solubilities of the respective hydroxyl- or 

flourapatite endmembers. The endmember thermodynamic constants thus derived were justified by theoretical 

evaluation on the basis of the Simple Salt Approximation model. A theoretical interpretation of the data was further 

performed for the first time based on an advanced sublattice solid-solution aqueous-solution (SSAS) equilibrium 

thermodynamic model for the multicomponent apatite supergroup phase member. In such complex mineral structures, 

co-substitutions of atoms (ions) occur on structurally different sites simultaneously. A sublattice denotes a set of all 

possible substitutions of the same structural site. For example, if sole 1:1 substitution of oxyanions occurs on the 

tetrahedral sublattice positions and no substitutions occur in other sublattice sites (e.g., no hydroxyl by halogenides), 

then a simple single-site binary mixing model applies, which is also a common implementation for SSAS models in 

common codes such as PHREEQC. However, a more complex sublattice SSAS model of mixing is necessary to predict 

solubility changes upon complex co-substitution in apatite-type minerals. The experimental and model results show that 

even a trace Ca or phosphate substitution in the vanadate apatite endmembers decreased dramatically the V(5) solubility 

of the resulting solid solution. 
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Special Session 13: 83334 

 

Modelling the heterogeneity of dissolved organic matter binding properties towards trace metals in 

soils: relevant or abusive tweaking? 

 

Matthieu N. Bravin 

French Agricultural Research Centre for International Development (Cirad) 

 

matthieu.bravin@cirad.fr 

 

Geochemical models are usually fueled by experimental data to improve their ability to predict the environmental fate 

of trace elements. This was typically the case for the prediction of the binding properties towards trace metals of 

dissolved organic matter (Dom) in soils. The empirical parameterization of the binding properties of humic susbtances 

was used as a surrogate to predict trace metal speciation in soil solution by considering a ubiquitous homogeneity of 

Dom binding properties. A decade of modelling of copper (Cu) speciation in the solution of agricultural soils using the 

Windermere humic aqueous model (Wham) led however to challenge the homogeneity of Dom binding properties and 

to suggest that rigorously supervised model optimization can be used conversely to evidence their heterogeneity. 

We illustrated this consideration in a recent experiment mimicking under controlled conditions the field application of 

31 organic residues on an agricultural soil (plus a non-amended control). Soil treatments induced a one-unit pH change, 

a 4-fold Dom concentration change, and a 10-fold change in total, available, and free Cu concentrations in the soil. 

When considering homogeneous binding properties of Dom, the measured speciation of Cu in soil solutions was very 

poorly predicted (R2 < 0.01; RMSR = 1.0). In contrast, the optimization of Dom binding properties for each single datum 

point within physically meaningful values (i.e. the range of binding site density and Cu affinity constant was restricted 

according to the literature review) and by accounting for the input uncertainty fitted neatly Cu2+ activity in soil solutions 

(R2 = 0.92, RMSR = 0.1). The optimized Dom binding properties consequently differed by 10-fold between the soil 

treatments with a high level of statistical significance. 

Previously achieved datasets showed however that Wham-optimized Dom binding properties were only occasionally 

correlated to Dom properties that can be routinely characterized by e.g. spectrophotometric and fluorescence 

measurements. Questioning both the physical meaning and the practical application of model findings, these results 

prompt to further investigations. 
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Special Session 13: 84112 

 

Characterization of solid/liquid fractionation dynamics of radionuclides in rivers: application to 

numerical models. 

 

Léonore Flipo¹, Frédéric Coppin¹, Patrick BOYER¹, Philippe Ciffroy² and Olivier Radakovitch¹ 

¹ IRSN, ² EDF/R&D 

 

leonore.flipo@irsn.fr 

 

The transfer and fate of radionuclides discharged from nuclear facilities into rivers are conditioned by the distribution 

of their activity between the dissolved and particulate phases. This solid/liquid fractionation is commonly defined by an 

empirical partition coefficient noted Kd whose use in numerical models assumes an instantaneous equilibrium and 

reversible solid/liquid partition. However, these assumptions may not be verified when residence times are short, when 

the physicochemical properties of the environment are modified, or according to the age and origin of the contamination. 

The objective of this study is to evaluate whether transfer models integrating one or more kinetics to describe this 

fractionation allow better estimations than an equilibrium approach.  

An experimental protocol involving sorption and desorption of radionuclides on suspended particulate matter (SPM) 

from rivers of the Rhône watershed (France) was developed to characterize the short and long-term dynamics of 

radionuclides fractionation at the solid/liquid interface, and then parametrize and compare different modelling 

approaches. SPM and water were sampled in situ and systematically characterized (grain-size, major and trace elements 

contents…). Batches were spiked with 137Cs, 60Co, 54Mn and 110mAg, radionuclides released by nuclear power plants 

into rivers. Sorption was followed up from 0.5 h to 63 days, and particles contaminated during the sorption stage were 

resuspended in filtered water for 1 h to 32 days. 

The transfer of the four radionuclides between the solid and liquid phases showed at least two kinetics steps, and steady 

state was not reached after two weeks of sorption, for the three different SPM samples tested. Three types of models 

have been parametrized: the usual equilibrium “Kd” for reference, a coupling between equilibrium and kinetic “E-K”, 

and a two-kinetics approach “K1-K2”. The added value of their integration into global transfer models developed at 

IRSN (CASTEAUR-X) and EDF (MERLIN-Expo) will be investigated with test scenarios and sensitivity analyses. 
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Geochemical modelling of As solubility in an anoxic aquifer – from the laboratory to the field scale 

 

Dan Berggren Kleja¹, Jerker Jarsjö, Dr. Feifei Cao and Charlotta Tiberg 

¹ Swedish University of Agricultural Sciences 

 

dan.berggren@slu.se  

 

For robust risk assessments of arsenic (As) contaminated aquifers, it is crucial to understand and quantify the transport 

and retention of As in the aquifer. Here we evaluated solid-liquid partition (Kd) of As obtained by i) in-situ 

measurements of As concentrations in paired samples of soil and groundwater, and by ii) laboratory based batch 

equilibrium experiments, in combination with geochemical modelling. A former wood impregnation site contaminated 

with chromated copper arsenate, which has been monitored for over 20 years, was selected as a study site. The 

geochemical model Visual MINTEQ was optimized on data from batch leaching tests made at oxic conditions (pH 4-

9), by varying the concentration of active iron (hydr)oxide surface. The calibrated model was subsequently used to 

predict As partitioning in the field using measured groundwater chemistry as model input, including pH, alkalinity, 

redox potential and element concentrations. In total, data from seven pairs of soil samples and groundwater wells were 

evaluated. Groundwater wells were sampled annually during a period of five years. The results showed a high variability 

in local Kd values derived from field measurements (1 to 107 L kg-1), with a geometric mean yielding a field-scale 

overall effective Kd of 14 L kg-1. Ignoring outliers from one of the sampling years, the concentration of As in 

groundwaters predicted by the model agreed well with measured ones for five of the groundwater wells. Including all 

seven wells, a geometric mean of Kd of 35 L kg-1 was obtained by geochemical modelling. We conclude that 

geochemical modelling provided a unique understanding of the processes governing As retention, including local 

variability in, e.g., Fe/Al-(hydr)oxides contents, redox potential, and pH. Moreover, the geochemical model provided 

“equilibrium benchmark As concentrations” under specific geochemical conditions, highlighting e.g., non-equilibrium 

situations in groundwater, sample representativeness issues and potential field measurement errors.   
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Cadmium accumulation in soil resulting from application of biogas digestate and biofuel ash – mass 

balance modelling 

 

Jon Petter Gustafsson¹, Marie-Cécile Affholder² and A. Sigrun Dahlin³ 

¹ Swedish University of Agricultural Sciences (SLU), Uppsala, ² Bordeaux University, INRAE, ³ Swedish Biodiversity 

Centre/Swedish University of Agricultural Sciences (SLU) 

 

jon-petter.gustafsson@slu.se  

 

Nutrient-rich byproducts from the bioenergy sector can, in principle, replace a certain amount of mineral fertilizers, 

thereby contributing to reduced climate impact and to a circular economy. Here we report results from a field experiment 

at Rådde, southern Sweden, where biogas digestate and biofuel ash were added to a sandy agricultural soil for a period 

of three years, and where Cd in crop offtake was measured. By use of data for the site, including soil extraction data for 

the A horizon, a mass-balance model was set up in which the Stockholm Humic Model (SHM) was used for predictions 

of future soil storage (through organic-matter complexation) and leaching. For this, the SHM had to be recalibrated for 

use at very low Cd/organic matter ratios, using a previously unpublished data set. With the application rates used, the 

ash and digestate amendments contributed to 1.55 g Cd ha-1 yr-1 combined, which can be compared to the 0.17 g Cd    

ha-1 yr-1 from conventional NPK fertilizer. The model results demonstrated that over time, this will most likely lead to 

net accumulation of Cd in the soil, and therefore to increased crop uptake, as compared to the experimental start year in 

2018. Moreover, the model clearly showed that the site is still far from steady-state with respect to current inputs of Cd 

from atmospheric deposition and fertilization, as these inputs have decreased more than tenfold since the 1970s. As a 

consequence, the reference state, against which assessments of accumulation are made, is continuously changing. The 

implications of the results obtained, with respect to risk assessment and current environmental goals, is discussed. 
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Uncertainty analysis of geochemical multi-surface models for solid-solution partitioning and 

speciation of heavy metals in soils 

 

Wietse Wiersma¹, Elise Van Eynde, Rob N.J. Comans¹ and Jan E. Groenenberg¹ 

¹ Wageningen UR 

 

wietse.wiersma@wur.nl 

 

Geochemical models are powerful tools to improve our understanding of the behavior of heavy metals in soils. 

Especially potent are multi-surface models that predict the binding to various soil reactive surfaces. Nevertheless, to 

date the uncertainty of such models has not been comprehensively evaluated, thus limiting their applicability.  

We quantified the uncertainty of the combined NICA-Donnan model for organic matter and the CD-MUSIC model for 

iron and aluminum oxides in modelled solid-solution partitioning and speciation of cadmium, zinc and copper. We 

followed a statistical approach where we randomly sampled (1) model parameters and (2) input values from their normal 

distributions. Model parameter distributions were derived by fitting databases of metal binding in well-defined systems 

to humic acids (HA), fulvic acids (FA) and ferrihydrite.  

Each random sample of model parameters (N = 1000) was applied to 25 contrasting samples from background and 

contaminated soils around the world. A local ‘best-case’ uncertainty analysis was done by including measured HA and 

FA fractions in solid and dissolved organic matter (via acid-base fractionation), and the reactive surface area (RSA) of 

ferrihydrite (via the PO4 probe-ion method). A global ‘business-as-usual’ scenario was included by relying on common 

assumptions for the HA and FA fractions and the RSA. Model accuracy was evaluated by comparing predicted and 

measured (0.01 M CaCl2) dissolved metal.         

The analyses are currently carried out, and the resulting uncertainty can be related to soil properties to evaluate the 

suitability of multi-surface models for certain soil types. Moreover, the analysis will yield practical information 

regarding how to invest resources to most effectively improve model accuracy, i.e. which model parameters would 

benefit from optimization or which soil properties should be measured. Overall, our study will improve the applicability 

of geochemical models to understand and predict the behavior of heavy metals in soils. 
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Predicting a contaminant’s chemical remobilisation and bioaccessibility during flooding - A 

physicochemical modelling approach 

 

Michael McGlade 

 

mam17@stir.ac.uk  

 

Anthropogenic climate change is predicted to lead to an increase in flooding frequency and magnitude. Flooding can 

erode sediment beds, which can sequester contaminants. When physicochemistry alters due to flooding, most notably, 

pH and redox potential, this can influence a contaminant’s chemical remobilisation and bioaccessibility. Such 

physicochemical changes are highly relevant to investigations of potentially increasing contaminant exposure scenarios. 

Monitoring the effects of flooding on contaminant remobilisation and bioaccessibility is time-consuming, expensive, 

and resource intensive in terms of laboratory testing. Exploring novel, faster, cheaper, and more reliable solutions is 

highly relevant to reduce the health burdens created by future contaminant exposure.  

This study incorporates experimental data on physicochemical parameters with artificial intelligence random forest 

modelling approaches to investigate whether it is possible to reliably predict contaminant (re)mobilisation. We 

conducted microcosm experiments with soils from two river catchments with different soil properties and flooding 

scenarios. The data obtained were then incorporated into predictive models. Our findings reveal for the first time that 

artificial intelligent random forest models can reliably predict chemical remobilisation and bioaccessibility under 

different flooding regimes tested in our microcosm experiments. Such findings are highly relevant for enhancing the 

geochemical modelling of trace elements during flooding and increasing the preparedness and awareness of how climate 

change may alter contaminant dynamics.  
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New semi-mechanistic model for metal cation complexation to the organic part of biochar 

 

Carin Sjöstedt¹, Iso Christl², Kristin E. Boye³, Stephen Hillier⁴ and Dan B. Kleja¹ 

¹ Swedish University of Agricultural Sciences (SLU), ² ETH Zurich, ³ SLAC National Laboratory, ⁴ The James Hutton 

Institute 

 

carin.sjostedt@slu.se 

 

Biochar has been proven to be an excellent metal cation trap in e.g. contaminated soils. However, the exact binding 

mechanisms for metals are not known. Since biochar often is a complex matrix of both pyrolysed carbon and ash, the 

binding mechanisms can vary between metals and different types of ashes. Metals can bind to organic groups of the 

biochar, be influenced by the increase in pH caused by the ash, and/or form mineral precipitates with components of the 

ash. If binding is due to pH increase and/or mineral formation, immobilization might be not be stable over time due to 

leaching of the ash. The aim of this project was to reveal the binding mechanism of Cu and Pb to five different biochars 

using pH dependent metal binding batch experiments, acid-base titrations, extended absorption X-ray fine structure 

(EXAFS) and X-ray absorption near edge spectroscopy (XANES), and XRPD. Acid-base titrations revealed a low 

number of acidic groups of the five biochars, and a high pH buffering effect of the ash. Copper K-edge EXAFS and 

XANES revealed that Cu bound to organic groups of the four biochars studied. Lead LIII-edge XANES revealed that 

for two out of four biochars chloropyromorphite was formed, indicating that the phosphate content of the ash was 

important. These results were used to create and constrain a semi-mechanistic model for the organic component of the 

biochar based on the SHM model of humic acids using the program Visual MINTEQ. The model could predict the metal 

binding with RMSE values ranging between 0.3 and 0.6. The model will be used to predict the binding mechanisms in 

contaminated soils amended with biochar. 
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Investigation of adsorption and desorption of Cr(III) and Cr(VI) by colloidal carrying phases from 

ultramafic systems 

 

Thi Tuyen Nguyen¹, Elsa Salles², Alexis Groleau¹, Davide Vignati² and Yann Sivry¹ 

¹ Université de Paris Cité, Institut de physique du globe de Paris, CNRS, F-75005 Paris, France, ² Université de 

Lorraine, LIEC, CNRS, UMR 7360, Paris, France 

 

thitnguyen@ipgp.fr 

 

Understanding the availability and mobility of chromium is a key factor for assessing the risk of contamination and 

developing effective remediation strategies. In the natural environment, chromium mostly occurs in ultramafic systems 

and as trivalent (Cr(III)) and hexavalent (Cr(VI)) chromium. Their availability and mobility are regulated by colloids, 

which are ubiquitous materials in soils and surface water. In this study, ten minerals (goethite, hematite, pyrolusite, 

kaolinite, montmorillonite, chromite, fuchsite, amphibole, chlorite and brucite) and one organic phases (humic acid), 

relevant to the bearing and carrier phases of chromium in ultramafic soils, were examined to explore their interaction 

with Cr species. Those phases were first characterized by XRD, XRF, SEM, BET and chemical extraction. The pHPZCs 

determined for the 11 colloid phases listed above are: 7.03, 4.78, 3.52, 4.29, 6.99, 6.71, 9.57, 6.23, 4.83, 8.88 and 1.33, 

respectively. Adsorption and desorption experiments of both chromium species (as Cr3+ and CrO4
2-) onto those phases 

were performed in the range 0.1-1 ppm at pH 5 in a NaHCO3 at 0.6mM and CaCl2 at 0.4mM solution, relevant of 

environmental conditions. Experimental adsorption isotherms were efficiently fitted with a Langmuir equation, 

highlighting for all phases a much higher adsorption capacity of Cr(VI) than that of Cr(III). While Cr(VI) follows the 

order [goethite >montmorillonite >pyrolusite >chromite >brucite >amphibole >humic acid > chlorite >hematite 

>fuchsite >kaolinite] in terms of adsorption capacity,  Cr(III) follows [montmorillonite >chromite  >pyrolusite> 

chlorite> hematite> humic acid> goethite> amphibole> kaolinite> fuchsite> brucite]. Desorption studies were also 

performed and kaolinite highlighted the highest desorbed percentage of 0.4% (0.03 mg g-1). The results revealed that 

the majority of adsorbed cations (Cr3+) are strongly retained by the adsorbents compared to oxyanions (CrO4
2-). 
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How far can the underlying minerals influence metal ion binding to natural organic matter? 

 

Liping Weng 

Wageningen University & Research 

 

liping.weng@wur.nl 

 

For a long time, the importance of natural organic matter (NOM) has been recognized as a major adsorbent for metal 

ions (such as Cd2+, Cu2+) in environmental samples. On the country, the contribution of metal oxides in binding metal 

ions is far less clear and contradictory conclusions have been drawn. In the common pH range of the environment, the 

metal ion binding capacity of NOM commonly surpasses that of oxides, and the content of NOM in soil is often higher 

than that of oxides. For these two reasons, it seems logical that NOM is the dominant phase controlling metal ion 

distribution. However, NOM strongly interacts with oxide minerals, and this interaction is considered as a key 

mechanism for long-term stabilization of NOM. In addition, this interaction influences ion adsorption behaviour of both 

adsorbents. Detailed study shown that interaction between NOM and oxides decreases metal ion adsorption to NOM, 

but increases the adsorption to oxides. Depending on type of metal and pH, this interaction may lead to a lower or higher 

net metal ion adsorption. Further, this interaction decreases adsorption of oxyanions (e.g. phosphate, arsenate) to oxides. 

However, this mutual influence is mainly restricted to NOM present in the compact part of the electrical double layer 

(EDL) on the oxide surface. Using phosphate as a probe ion shows that, only part of NOM adsorbed to oxides is present 

in this compact part of EDL. For NOM present outside this range, its metal ion binding behaviour is hardly influenced 

by the underlying oxides, and metal ion adsorption to this part of NOM can be well predicted using surface complexation 

models for NOM. Therefore, a better understanding of the conformation of mineral-associated NOM (e.g. mono-layer, 

zones, patchy) is of great relevance for both NOM stabilization and elements distribution in the environment.      
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Liquid micro-extraction based systems improving sampling of metals in the ocean surface micro-layer 

 

Rafael Jesús González-Álvarez, José Antonio López-López, Belén Herce-Sesa, Carolina Mendiguchía and          

Carlos Moreno  

University of Cadiz 

 

joseantonio.lopezlopez@uca.es 

 

The Ocean Surface Micro-layer (SML) is the interface between atmosphere and hydrosphere. It constitutes 

approximately 70% of the Earth’s surface, and controls the exchange between the two spheres. SML is enriched in 

different organic and inorganic substances, regulating their dispersion in the water column. Particularly important from 

an environmental point of view is the role of metals in the SML, which are found enriched from 2 to 1000 times, i.e.: 

Fe, Cd, Ni, Zn, Cd, etc. Despite the importance of SML in the distribution of metals in the environment, it has been 

scarcely studied, mainly due to the lack of representativity of samples collected from the SML. The most accepted 

procedure consists in the immersion of a glass plate, breaking the SML that is vertically retracted from the water body, 

recovering the excess of water on the glass into a beaker. The process is repeated until enough sample is accumulated. 

Afterwards, samples are treated before instrumental determination. In addition to the low reproducibility of the results, 

the SML is partially mixed with the water column when broken by the sampler. In this work, we propose a methodology 

based on the use of liquid phase micro-extraction (LPME) for the uptake of Zn from the SML. The challenge was to 

selectively uptake the metal keeping the integrity of the SML. Two LPME using bis(2,4,4- trimethylpenthyl)phosphinic 

acid were developed for Zn extraction. This reagent has proved to be effective extractant of divalent metals in natural 

seawater conditions. In agreement with Green Analytical Chemistry, sampling reliability and reproducibility were 

improved, minimizing usage of solvents and reagents. After optimization at laboratory scale, the systems were evaluated 

in simulation tanks, showing better reproducibility and a clearer enrichment of Zn in the SML than the plate sampler. 
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Special Session 14: 83653 

 

Mapping soil arsenic pollution using remote sensing imaging and machine learning 

 

Xiyue Jia¹ and Deyi Hou 

¹ Tsinghua Universiity 

 

jqy22@mails.tsinghua.edu.cn 

 

Widespread soil arsenic contamination threatens human well-being and hinders the global effort towards the United 

Nation’s Sustainable Development Goals (SDGs). Detailed soil mapping is needed to guide effective countermeasures 

and sustainable remediation practices. Traditional site investigation employs geostatistical interpolation methods 

(GIMs) to predict the distribution of soil pollutants following field sampling and chemical analysis. However, the 

heterogeneity of soil pollution at contaminated sites makes the assumptions of GIMs no longer valid for many cases, 

which further undermines the accuracy of soil investigation. In this research, we propose a novel method to map soil 

arsenic contamination via combining multi-source remote sensing imaging with machine learning algorithms. Different 

methods have been explored to construct features based on the characteristics of remote sensing data. For high-resolution 

aerial imaging, variables including distance and gradience between soil sampling points and surface features (e.g. factory 

and vegetation) were developed. For satellite multispectral and hyperspectral images, spectral indices have been 

constructed by several mathematical combination methods to eliminate data noises and enhance their correlation to soil 

arsenic. Correlation analysis has been conducted to examine the relationship between constructed features and soil 

arsenic contamination. Features that are closely related to soil arsenic pollution have been selected for further modeling. 

Various machine learning methods, including support vector machine, multi-layer perceptron, random forest, and 

ExtraTrees, have been applied to unravel the relationship between selected remote sensing variables and soil arsenic 

contamination data. Performance of this integrated method and GIMs were further compared. Based on uncertainty 

analysis, the heterogeneity of soil arsenic distribution has been recognized as the most influential factor causing 

prediction errors. This study demonstrates that machine learning combined with remote sensing is a promising approach 

to mapping soil arsenic contamination at arsenic contaminated sites with high accuracy and low cost. 
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Special Session 14: 84320 

 

Towards a more efficient green microextraction system for trace metal analysis in waters using 

Carbon nanotubes 

 

Carolina Mendiguchía¹, Ana Mª Molina, Senia Cuervo, María Castro, Alejandro Blázquez and Carlos Moreno  

¹ University of Cadiz 

 

carolina.mendiguchia@uca.es 

 

It is widely acknowledged that sample preparation is the most critical step in the analysis of trace metals in the 

environment, due to the time consuming, the high volumes of reagents used and the risk of contamination.  For this 

reason, many efforts have been focused to reduce the impact of these issues in the development of new methods, and 

microextraction systems have been presented as one of the best green alternatives to get it. Both, liquid and solid phase 

microextraction systems have been successfully applied to metals analysis, but still present some disadvantages. In the 

case of liquid phase microextraction system, those based on the use of a hollow fiber as a support for the organic phase 

allow a better stability of the system, reducing the risk of contamination, but long extraction times are still required. For 

solid phase microextraction, carbon nanotubes and other nanoparticles are good alternatives for metals analysis, but its 

relative high cost and the memory effects are among the main disadvantages. The aim of this work was improving the 

analytical features of microextraction systems evaluating the possible synergetic effects of combining liquid and solid 

phase extraction for trace metals analysis. Thus, bulk experiments were performed to evaluate the effect of different 

variables on the extraction process, such as sample pH, type, size and quantity of carbon nanotubes, extraction time, 

stirring rate, sample salinity, and concentration of liquid extractant. In addition, multi-elemental extraction capabilities 

were also evaluated as well as its application as a microextraction system using hollow fibers as a support for the 

extraction phase. In general, the combined use of liquid and solid phase extraction achieved higher extraction 

percentages that those obtained when each of them were used separately, opening a new green alternative to sample 

preparation for metal analysis in water samples. 
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Special Session 14: 84677 

 

Application of Decision Unit Multi-Increment Sampling (DUMIS) in confirmation sampling at a 

nickel contaminated site in China 

 

Jing Song and Wei Tang 

 Institute of Soil Science, Chinese Academy of Sciences 

 

jingsong@issas.ac.cn 

 

Due to the inherent heterogeneity of contaminant distribution, the representativeness of discrete samples has been shown 

to be questionable. To improve sample representativeness and confidence in analytical data, Decision Unit and Multi 

Increment Sampling (DUMIS) has been proposed and successfully applied to accelerate the investigation of 

contaminated sites in the USA, Canada, Denmark, etc. However, it has never been demonstrated in China. The aim of 

the present study was to investigate the suitability of DUMIS for confirmation sampling at a Ni-contaminated site in 

China. The demonstration site was a former inorganic salt producer located in Shandong Province, China. To be 

compatible with existing Chinese remediation verification guidelines, the decision unit (DU) size was set at one DU per 

400 m2 for excavation pits and 500m3 of soil for stockpiles. For each DU, a single multi-increment sample was collected 

with a hand auger from the top 0-20 cm and consisted of 50 increments evenly distributed within the DU. Triplicate 

samples were taken from 10% of the DUs to assess total sampling error. Two sets of triplicates were taken from a 

randomly selected DU, one consisting of 50 increments and the other of 9 increments. Samples (2-3 kg each) were air 

dried, sieved through 0.15 mm mesh and sub-sampled using the same method as in the field for analysis of total Ni. 

The results clearly showed that the DUMIS methods produced high quality, reproducible, risk-based data, which greatly 

improved confidence in the assessment of remediation performance at the site. The DUMIS method has great potential 

for use in site characterization and remediation performance assessment in China. Based on additional experience at 

sites with different contaminant types and remediation needs, the Chinese DUMIS guideline has been prepared and will 

be published in 2023. 
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Special Session 15: 82586 

 

The effect of plastic mulch and biochar on the establishment of Miscanthus hybrids in heavy metal 

contaminated soil 

 

Jacek Krzyżak¹, Szymon Rusinowski¹, Krzysztof Sitko¹, Alicja Szada-Borzyszkowska¹, Radosław Stec¹, Elaine 

Jensen², John Clifton-Brown², Andreas Kiesel³; Eva Lewin³; Paulina Janota¹ and Marta Pogrzeba¹ 

¹ Institute for Ecology of Industrial Areas, ² Aberystwyth University, UK, ³ Hohenheim University 

 

j.krzyzak@ietu.pl 

 

Climate change and man-made pollution may have a negative impact on the establishment of Miscanthus plants in the 

field. Miscanthus is classified as an energy crop and is a suitable candidate for cultivation on marginal land where, 

despite climate change, other problems occur, such as the presence of pollutants, poor soil quality and waterlogging, 

which make food production impossible or economically unviable. The success of establishment depends on the hybrid 

chosen, the cultivation method, climatic conditions and pollutant concentration in the soil. There are several ways to 

increase the survival rate of the plants during the first growing season and after the first winter. One of them is the 

application of biochar and plastic mulch, which can be a solution for soils polluted with trace elements. The aim of this 

study was to investigate the application of plastic mulch and biochar separately and in combination in the planting phase 

for two Miscanthus hybrids planted with the rhizome method (TV1) and seedlings (GNT43) on soil polluted with lead, 

cadmium and zinc. TV1 appears to be unsuitable for contaminated soil cultivation, as the survival rate was < 60% in 

most treatments studied. Selected treatments did not increase plant survival. Moreover, the application of plastic mulch 

in combination with biochar resulted in a significant reduction of this parameter, regardless of the hybrid studied. The 

applied mulch and biochar had no influence on heavy metal accumulation in the above-ground plant parts of TV1, while 

lead and cadmium in GNT43 showed significantly higher levels in all treatments. Contrary to expectations, biochar and 

plastic mulch applied separately and together neither increased survival nor reduced the accumulation of heavy metals 

during establishment on contaminated soil and after the first growing season. 

  

Funding: Polish National Centre for Research and Development, under the flag of Era-Net FACCE SURPLUS Joint 

Programming Initiative on Agriculture, Food Security and Climate Change (FACCE-JPI), FACCE 

SURPLUS/III/MISCOMAR+/03/2020. 
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Special Session 15: 84246 

 

Evaluation of biochar for pharmaceuticals and personal careproduct removal and solid biofuel usage 

 

Congyu Zhang¹, Wei-Hsin Chen², Shih-Hsin Ho³ and Ying Zhang¹ 

¹ Northeast Agricultural University, ² National Cheng Kung University, ³ Harbin Institute of Technology 

 

weihsinchen@gmail.com 

 

Biochar is widely used for environmental organic pollutants removal, and arises a series of papers concerning to 

pollutant adsorption. However, the subsequent processing of adsorbed biochar is never mentioned and studied. This 

research focuses on the solid biofuel utilization of tetracycline adsorbed biochar, and deeply evaluate the adsorption 

capacity and fuel property. The obtained results imply that produced biochar is adequate for tetracycline removal, with 

the mechanism of electrostatic attraction, π-π stacking interactions, hydrogen bonding, and hydrophobic interactions. 

The adsorption process conforms to Langmuir's formula, and obey Pseudo-second order adsorption kinetic model. The 

adsorbed biochar possesses great fuel property, especially for two stage treated 600 °C biochar. Sample 6-3 seems like 

the optimal choice, with the surface area, contact angle, graphitization degree, calorific value, enhancement factor, and 

upgrading energy index of 172.48 m2/g, 120.4°, 3.87, 26.983 MJ/kg, 1.58, and 33.72, respectively. The results of 

expense calculation, comprehensive performance analysis, and life cycle assessment are also proved such a conclusion. 

Overall, the produced biochar is available for organic pollutant removal and solid biofuel utilization, and thus achieve 

wastes utilization for environmental sustainability. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
330



 

 

Special Session 15: 84589 

 

Assessing the efficiency of biochars as sorbents for the removal of lanthanides in polluted waters 

 

Joan Serra-Ventura, Sandra Rasero-López, Marc Romera-Miró, Anna Rigol and Miquel Vidal 

Universitat de Barcelona (UB) 

 

jserrav@ub.edu 

 

The increase in the mining extraction of lanthanides (Ln) and the difficulties associated with their recycling have led to 

an increase in Ln environmental levels. Due to their large impact, especially in water bodies, strategies based on the use 

of sorbents are increasingly being considered to remove Ln from polluted waters. In this context, an alternative sorbent 

material of increasing interest is biochar, a sustainable and easily accessible material obtained from the pyrolysis of 

vegetable biomass. Elucidating at laboratory level whether a biochar is efficient to sorb Ln is a mandatory step towards 

the implementation of its use in wastewater treatment. In this work, a continuous-flow sorption technique has been used 

to assess the sorption capacity of two biochar, one derived from pine branches (PB) and the other from garden wastes 

(GaW), selecting Sm as a representative for the Ln elements. Various factors potentially affecting biochar maximum 

sorption capacity (qmax) have been evaluated, such as operational parameters (e.g., column size, particle size of 

biochar), water composition (presence of mono and divalent cations), and the potential competition with trivalent cations 

(i.e., other lanthanides (La and Lu) and/or Fe in acidic pH to simulate an acid mine drainage (AMD)). It was observed 

that the column size did not influence biochar qmax, while a decrease in particle size resulted in an increase in qmax. 

No significant effect of the presence of monovalent and divalent cations was observed at the concentrations tested, 

whereas the presence of other lanthanides showed that Ln shared similar sorption mechanisms and competed to sorb at 

similar sites. In the scenario simulating AMD, the sorption capacity of Ln was clearly reduced when the biochar 

buffering capacity was insufficient to neutralise the continuous acidic polluted water input. Therefore, the buffer 

capacity of the biochar becomes a key property to be quantified to predict the operational time of biochar when 

remediating acid waters. 
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Special Session 15: 84678 

 

Lead-saturated biochar-soil interactions: contamination risks and release dynamics of Pb 

 

Ali El-Naggar, Christopher Nzediegwu, M. Anne Naeth and Scott X Chang 

University of Alberta 

 

alielnaggar@ualberta.ca, sxchang@ualberta.ca 

 

Biochar has received growing interest for its environmental applications including the sustainable management of 

agricultural and animal wastes and the remediation of contaminated soils and waters. Biochar is an efficient tool for the 

removal of several toxic elements from contaminated water, mainly via the adsorption of contaminants onto the biochar 

surfaces. The soil application of biochar saturated with toxic elements (spent biochar), after its separation from the 

water, and its interaction with soil are still under research. In the current study, wheat straw and cattle manure biochars 

and their spent Pb-saturated biochars were applied into loamy soil to investigate the spent biochar-soil interactions via 

incubation experiment. The overall aims were to evaluate: 1) the risk of Pb contamination in soil treated with spent Pb-

saturated biochar, and 2) the release dynamics and distribution of Pb among different geochemical fractions in soil 

treated with spent Pb-saturated biochar. The pH values of the spent Pb-saturated biochars were 37 and 29% lower than 

the wheat straw and cattle manure biochars, respectively. The decrease in biochar pH after saturation with Pb would 

affect soil fertility, and Pb stability onto biochar surfaces when applied to soil. The Pb stability on surfaces of spent Pb-

saturated biochar in soil, Pb phytoavailability, potential mobility risks and re-distribution among different geochemical 

fractions in the soil will be presented. 
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Special Session 15: 84681 

 

Biochar inhibited hydrogen radical-induced Cd bioavailability in a paddy soil 

 

Shengsen Wang  

yangzhou University 

 

wangss@yzu.edu.cn 

 

In paddy soils, free hydrogen (H·) radicals lead to CdS dissolution that contributes to Cd mobility during the drainage 

period and was observed as a new pathway to promote Cd solubility in paddy soils. In soil incubation experiments, H· 

radical along with increased DTPA-Cd was observed in the aerated soil which was previously purged with argon gases 

for two weeks. The association of CdS dissolution with free radicals was thereafter revealed in an electrolysis 

experiment. The results indicated both H· and hydroxyl (OH·) radicals were generated in electrolyzed water which 

promoted the oxidative dissolution of CdS, as per electron paramagnetic resonance (EPR) and quenching experiments. 

The H· radical was generated in an incubation trial with fulvic acid or catechol irradiated by ultraviolet lights, indicating 

soil organic carbon could be an important precursor for H· and OH· radicals. Biochar application decreased soil DTPA-

Cd by 22.23-56.02% invoking mechanisms other than adsorption. First, biochar quenched radicals and reduced CdS 

dissolution by 23.6% in electrolyzed water in which -OH group of biochar was oxidized to C=O. Second, biochar could 

facilitate Fe/S-reducing bacteria and thus compromise CdS dissolution, which was affirmed by a reversal correlation 

between Fe2+ concentration and DTPA-Cd. A similar phenomenon was observed in soil inoculated with Shewanella 

oneidensis MR-1. This study provided a new insight into soil Cd bioavailability and offered feasible measures to 

remediate Cd-contaminated paddy soils with biochars.   
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Special Session 15: 84738 

 

Different biochar modifications for metal(loid) removal from aqueous solution 

 

Lukas Trakal¹, Michael Pohorely², Ivo Safarik³, Zuzana Vankova¹, Barbora Boserle Hudcova¹, Petr Ourednicek¹, 

Manhattan Lebrun¹ and Luke Beesley¹ 

¹ Faculty of Environmental Sciences, Czech University of Life Sciences Prague, ² Institute of Chemical Process 

Fundamentals, Academy of Sciences of Czech Republic, ³ Institute of Nanobiology and Structural Biology of GCRC, 

Academy of Sciences of Czech Republic 

 

trakal@fzp.czu.cz 

 

Biochar-based materials are currently intensively studied and used as highly efficient sorbents. Their sorption efficiency 

is variable for different metal(loid)s and for various biochars resulting from a different preparation technology but 

mainly by the source of raw material. It should be reflected by contracting sorption mechanisms and different sorption 

efficiency. While some biochars can exhibit important adsorption properties for selected metal(loid)s, the efficiency of 

other biochars, even for selected metal(loid)s can be limited. For this reason, several modifications have been developed 

to increase their efficiency, selectivity for different elements, or stability. These composites include magnetic 

modification with Fe oxides and Mn oxides coating. Specifically, magnetic impregnation enhanced the overall sorption 

efficiency of Pb(II) and Cd(II) on all biochar types except biochars with poorly developed structures. Magnetic 

modification is, therefore, more efficient for biochars with well-developed structures and more mobile metals, such as 

Cd(II). Next, The AMOchar (biochar modified with an amorphous Mn oxide) proved the most efficient, removing 

almost 99, 91 and 51% of Pb, As and Cd, respectively. This composite was also very efficient for metalloids such as 

As(V) when the efficiency of pristine biochar was negligible. Additionally, AMOchar exhibited reduced Mn leaching, 

compared to pure AMO, caused by a lower quantity of Mn presented in the composite (without any significant impact 

on the resulting sorption efficiency). Therefore, it is concluded that the synthesis of AMO with biochar can produce a 

double-acting sorbent (‘dorbent’) of enhanced efficiency compared with the individual deployment of their component 

materials. 
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Special Session 15: 85034 

 

Fungi-enabled hierarchical porous magnetic carbon derived from biomass for efficient remediation of 

As(III)-contaminated water and soil: Performance and mechanism 

 

jianghu cui and Qian Jin 

 

lantian9426@163.com 

 

In this study, fungi-enabled hierarchical porous magnetic carbon (FPC/nZVI) with an ultrahigh surface area was 

synthesized using fungal fermentation and used for the efficient remediation of As(III) in water and soil. The synergistic 

impacts between fungi-enabled porous carbon (FPC) matrix and nanoscale zero-valent iron (nZVI) for excellent As(III) 

adsorption ability was investigated in aerobic conditions. The results indicated that the prepared FPC/nZVI exhibited 3-

times higher As(III) adsorption capacity (Qmax = 130.4 mg/g) compare to the bare nZVI. In addition, electron spin 

resonance (ESR) results showed that FPC/nZVI could enhance As(III) oxidation through producing large amounts of 

reactive oxygen species including ·O2
- and ·OH. Moreover, FPC/nZVI could control As(III) vertical migration in soil 

and remove more than 70% As(III) from soil suspension using a magnet. Compared to the control group, the arsenic 

content in rice root and shoot with the treatment of 3% FPC/nZVI in paddy soil were decreased by 65% and 72%, 

respectively. Overall, this simple, low-cost and eco-friendly strategy using fungal fermentation pretreatment is 

promising for the preparation of hierarchical porous magnetic carbon to remediate As(III) in water and soil. 
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Special Session 15: 85036 

 

Stabilization of fluorine-contaminated soil in aluminum smelting site with biochar loaded iron-

lanthanide and aluminum-lanthanide bimetallic materials 

 

Chuanfang Fan  

College of Resources and Environment, University of Chinese Academy of Sciences 

 

fanchuanfang19@mails.ucas.ac.cn 

 

Trivalent metals-modified-biochar (BC) has been widely used for the removal of fluorine (F) in water, but little is known 

about its effects on the stability and mobility of F-contaminated soil. Two types of modified-BC materials (BC-loaded 

iron-lanthanide (BC/Fe-La) and BC-loaded aluminum-lanthanide (BC/Al-La)) were synthesized and used for the 

remediation of F-contaminated soil. The forms of BC/LaxFe3x(OH)y in BC/Fe-La and BC/LaxAl3x(OH)y in BC/Al-

La were identified by spectroscopy, X-ray dispersion, thermogravimetric, and pore diameter/volume analyses. 

Following application (4–12%, w/w) to F-contaminated soil for 30 d, water soluble fluoride (WSF) decreased 

significantly. The modified-BC with a 1:1:1 molar ratio (BC: Al3+ or Fe3+: La3+) were more effective than those at 

1:0.5:0.5. The BC/Al-La were the most effective to stabilize F. In particular, the highest decrease in WSF (by 91.75%) 

was obtained with the application of 12% BC/Al-La-2, while 8% BC/Al-La-2 and 12% BC/Al-La-1 reduced the WSF 

by 87.58% and 90.17%, respectively; all values obtained were lower than the national standard of China (< 1.5 mg/L). 

In addition, the sequential extraction results showed that modified-BC promoted the transformation of the other chemical 

speciation to the Fe/Mn-F. 
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Special Session 15: 85182 

 

Immobilization of cadmium and lead using phosphorus-rich animal-derived  and iron-modified plant-

derived biochars under dynamic redox conditions  in a paddy soil 

 

Xing Yang1, He Pan, Sabry M. Shaheen2, Hailong Wang and Jörg Rinklebe2 

¹ Hainan University, ² University of Wuppertal, Germany 

 

frehiwotsileshi19@gmail.com 

 

We examined the efficiency of pig carcass-derived biochar (P-rich biochar, total P = 8.3%) and pristine (raw biochar, 

total Fe = 0.76%) and Fe-modified (Fe-rich biochar, total Fe = 5.5%) green waste-derived biochars for the 

immobilization of cadmium (Cd) and lead (Pb) in a paddy soil under pre-defined redox conditions (Eh, from -400 to 

+300 mV). Average concentrations (μg L-1) of dissolved Cd increased under reducing conditions up to 10.9 in the control 

soil, and decreased under oxidizing conditions to below the detection limit (LDL = 2.7) in the raw and Fe-rich biochar 

treated soils. Application of the raw biochar decreased the concentrations of dissolved Cd by 43–59% under Eh ≤ -100 

mV, compared to the non-treated control, which was more effective than the Fe-rich biochar (31–59%) and the P-rich 

biochar (8–19%). The immobilization of Cd under low Eh might be due to its precipitation with sulfide (S2-). 

Concentrations (μg L-1) of Pb ranged from 29.4 to 198.2 under reducing conditions, and decreased to LDL (12.5) under 

oxidizing conditions. The P-rich biochar was more effective in immobilizing Pb than the raw and Fe-rich biochars, 

particularly under Eh ≤ 0 mV (55–82%). The raw and Fe-rich biochars immobilized Pb under low Eh (≤ -300 mV), but 

both biochars, particularly the Fe-rich biochar mobilized Pb under Eh higher than -200 mV, especially at +100 mV, due 

to the decrease of pH at this point (pH = 6.0 to 6.5). These results improved our understanding of using P-rich and Fe-

rich functionalized biochars for the immobilization of Cd and Pb in a paddy soil under stepwise redox changes. The 

amendment of P-rich pig carcass-derived biochar to paddy soils could be a promising approach for mitigating the risk 

of Pb for human health and the environment. The raw and Fe-rich green waste-derived biochars can be used for 

immobilizing Cd and mitigating its risk in paddy soils under both reducing and oxidizing conditions. 
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Special Session 15: 85214 

 

Nano-biochar facilitated transport and transformation of heavy metals in soil 

 

 Xinde Cao, Xiaoyun Xu, and Ming Chen 

Shanghai Jiao Tong University 

 

xdcao@sjtu.edu.cn 

 

The ever-increasing land application of biochar may raise the environmental issue of nanoparticles (NPs) biochar for 

their high mobility or as a carrier facilitating transport of contaminants in soil. We showed that biochar NPs ( < 100 nm) 

accounted for 0.99–15.3% of bulk biochar over nine types of biomasses including wood chips, herb grasses, and 

agricultural wastes. Higher mobility of biochar NPs was observed in the soil and can be well interpreted by a two-site 

kinetic retention model. Biochar NPs facilitated the transport of Cr(VI) in a loam clay Ultisol due to the competition 

between biochar NPs and Cr(VI) for the available sorption sites on the soil surface. Wheat straw biochar NPs caused 

more transport of Cr(VI) than wood chip ones due to the higher polarity and the resulted stronger competition with 

Cr(VI). Biochar NPs could reduce Cr(VI) into Cr(III) to form the particulate Cr, which determined the Cr co-transport. 

Biochar NPs could also attach more soil Fe oxides, further facilitating the cotransport of Cr via the formation of a binary 

or ternary complex. Further work indicated that the Fe3O4
-functionalized biochar greatly increased Cd transport in soils 

mainly through the functionalized biochar-Cd complexes, compared to the pristine biochar. Greater enhancement effect 

on Cd was observed by biochar derived from wheat straw than wood chip, due to the stronger adsorption ability of wheat 

straw biochar towards Cd, likely stemming from more mineral composition such as CaCO3. Our findings indicate that 

biochar NPs have high mobility and act as a carrier to enhance transport and transformation of heavy metals in soils, 

which arouse high migration risk about land application of biochar for environmental remediation. 

  

Keywords: Biochar nanoparticles; Heavy metals; Soil; Transport and transformation 
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Special Session 15: 86007 

 

Redox mediated changes in (im)mobilization of lead in a biochar amended soil contaminated with 

metal halide perovskite solar panel waste 

 

Pavani Dulanja Dissanayake  

Coconut Research Institute, Sri Lanka 

 

pavanidissanayake@ymail.com 

 

This study aimed to evaluate the effect of biochar as a soil amendment on the mobilization of lead (Pb) and the associated 

changes in controlling factors such as pH, dissolved organic carbon, specific UV absorbance (SUVA), total iron (Fe), 

total manganese (Mn), phosphate (PO4
3−), sulphate (SO4

2−) and microbial community composition under various redox 

(Eh) conditions (-100 to +500 mV) controlled using an automated biogeochemical microcosm system. Soil (Eutric 

Cambisol), contaminated with 900 mg/kg of Pb2+ using ground solar cell powder (SC) was used as the control. Two 

types of biochar, i.e., soft wood pellet (SC + SWP) and oil seed rape straw (SC + OSR) produced at 700 °C were 

amended [5% (w/w)] to contaminated soil and added in a biogeochemical microcosm system to assess the Pb dynamics 

under various redox conditions. The Eh values ranged from -142 to +430 mV, -105 to +474 mV, and -6 to +455 mV 

and the pH ranged from 4.8 to 6.7, 5.4 to 7.1, and 5.2 to 8.2 in SC, SC + SWP and SC + OSR, respectively. The pH 

decreased with the increase of Eh in SC whereas an opposite trend was found in biochar amended soils. Biochar 

amendment significantly immobilized Pb due to co-precipitation with Fe-Mn (hydro)oxides and pyromorphite, as well 

as the complexation of the functional groups. The SWP and OSR contributed for 31% and 23% Pb immobilization 

compared to the control respectively under reducing conditions. However, under moderately reducing and oxidizing 

conditions SWP showed lower Pb immobilization (38-91%) than OSR (43-96%), owing to the higher pH in the OSR-

applied soil and the presence of higher number of functional groups in OSR than those in SWP. Biochar amendment 

increased the relative abundance of Proteobacteria irrespective of the Eh changes. This study reveals that both OSR and 

SWP can be used as potential amendments for alleviating the environmental risk associated with Pb in solar panel waste 

contaminated soil under both oxidizing and redox conditions. 
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Special Session 16: 82996 

 

Antimony immobilization mechanism on schwertmannite: Insights from the microstructure of 

schwertmannite 

 

Jun Shan, Mengchang He, and Chunye Lin 

Beijing Normal University 

 

hemc@bnu.edu.cn 

 

Schwertmannite affects the mobility of antimony (Sb) in acid mine drainage (AMD), yet the Sb sorption mechanism 

remains elusive. Probing into the micro immobilization mechanism of Sb on schwertmannite can provide a theoretical 

basis for predicting the environmental behavior of Sb in AMD and Sb removal methods study. In this study, the 

molecular-level mechanism and the driving force of Sb(V) immobilized on schwertmannite were investigated by a 

combination of wet chemistry, extended X-ray absorption fine structure (EXAFS) analysis, density functional theory 

(DFT) calculations, and a surface complexation model (SCM). The observed sorption capacity for Sb(V) was as high 

as 235.63 mg/g. The loading of Sb(V) appears to be the key parameter controlling its immobilization mechanism on 

schwertmannite. Low-loaded Sb(V) primarily generates bidentate-mononuclear and bidentate-binuclear surface 

complexes and is concurrently partly incorporated into the Fe-O framework of schwertmannite. With increasing Sb(V) 

loading, Sb is primarily adsorbed on the surface and in the tunnel of schwertmannite with the formation of bidentate-

mononuclear (dominant) and bidentate-binuclear complexes without incorporation. The inconsistency of the 

immobilization mechanism is controlled by the amount of released sulfate induced by Sb(V). The substantial system 

energy reduction caused by the formation of Sb(V) adsorption and incorporation products on the surface and in the 

tunnel of schwertmannite is the driving force for the stable immobilization of Sb(V) by schwertmannite. In addition, 

Sb(V) has a strong stabilizing effect on the schwertmannite structure and broadens its pH stability window (pH 3.0-9.0). 

The findings show that the tunnel structure of schwertmannite has a stronger affinity than the exposed crystal facets for 

Sb(V). This study facilitates elucidation of the fate and geochemical cycling of Sb in the mining environment and helps 

to promote the application of the microstructure of schwertmannite in other studies of microscopic interface chemistry. 
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Stimulated migration of metalloids along fractured vadose zone poses risk to groundwater security 

 

Liuwei Wang and Deyi Hou 

Tsinghua University 

 

wlwsoilthu@foxmail.com 

 

Fractured rock aquifers are susceptible to contamination, with metal(loid)s rapidly migrating from poorly developed 

overburden to the fractured rock vadose zone and thus into groundwater. Compared to typical porous aquifers, retention 

effects within the rock matrix are small, and rapid advection along fractures leads to a higher risk of groundwater 

contamination. However, the highly complex anisotropic pathways of natural fractures hinder research in this field. To 

construct reproducible fractures, this study used 3D printing following Computed X-ray Microtomography (μCT) scans 

of a fractured rock collected in a natural limestone aquifer. Stimulated metalloid release was observed in the fractured 

rock during column leaching, and the leachate concentrations of arsenic (As) and antimony (Sb) increased by up to 17.5 

and 36.4 times, respectively, compared with the porous vadose zone. Fluctuations in fracture metalloid release patterns 

in dissolved and adsorbed phases were attributed to retention and filtration effects induced by soil particles within 

fractures. Geophysical properties of the porous overburden, especially the aggregation characteristics, greatly affected 

the non-equilibrium leaching behavior of As, but had a limited effect on the near-equilibrium leaching of Sb, which was 

explored by modifying the surficial soil layer with either montmorillonite clay or charcoal. The results of this study 

provide a novel method and useful information for modeling and risk assessment of fractured rock aquifers. 
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Antimony and arsenic co-sorption onto jarosite: An X-ray absorption spectroscopic study of retention 

mechanisms 

 

Niloofar Karimian¹ and Edward Burton² 

¹ Commonwealth Scientific and Industrial Research Organisation (CSIRO)/ Mineral Resources,                                         

² Southern Cross University 

 

niloofar.karimian@csiro.au 

 

Jarosite, a common mineral in oxidizing acidic environments, can strongly sorb both antimony(V) and arsenic(V). 

However, little is known regarding the mechanisms that control the dual sorption of Sb(V) and As(V) to jarosite. In this 

study, we investigated the mechanisms controlling Sb(V) and As(V) sorption to jarosite under acidic pH conditions in 

dual and single metalloid treatments. Jarosite was found to sorb Sb(V) to a greater extent than As(V) in both dual and 

single metalloid treatments. The dual presence of both As(V) and Sb(V) decreased sorption by almost 50% for each 

metalloid. Antimony K-edge EXAFS spectroscopy revealed that surface precipitation of an Sb(V) oxide species was 

the predominant sorption mechanism for Sb(V). In contrast, As K-edge EXAFS spectroscopy showed that As(V) 

sorption occurred via bidentate corner-sharing complexes on the jarosite surface when Sb(V) was absent or present at 

low loadings, or by the formation of similar complexes on the Sb(V) oxide precipitate when Sb(V) was present at high 

loadings. Overall, our findings highlight a strong contrast in the comparative sorption of Sb(V) versus As(V) to jarosite 

under acidic environmental conditions. 
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Special Session 16: 83644 

 

Cycling of antimony in estuarine systems: current knowledge, analytical challenges and case study of 

the Gironde Estuary 

 

Teba Gil-Díaz¹, Frédérique Pougnet², Lionel Dutruch², Alexandra Coynel² and Jörg Schäfer² 

¹ Karlsruhe Insitute of Technology (KIT), ² University of Bordeaux 

 

teba.gil-diaz@kit.edu 

 

Environmental matrices such as coastal and brackish waters often encompass analytical challenges for many trace 

elements, including antimony (Sb). This challenge explains the scarce number of field studies in continent-ocean 

transitions systems reporting dissolved Sb concentrations along salinity/turbidity gradients worldwide [1]. These studies 

highlight different Sb reactivities (i.e., conservative and non-conservative behaviour) independent, as expected, of the 

more or less validated approach; different solid/liquid cut-off (e.g., 0.45 µm vs 0.2 µm) and different analytical 

techniques (i.e., mainly AAS and voltammetry, few with ICP-MS). Out of these, only two studies investigated the same 

estuary more than once, i.e., in different water discharges/seasons. With the advent of ICP-MS (single quad vs triple 

quad analyses), our work reports total dissolved Sb concentrations using QQQ-ICP-MS (new generation, iCAP TQ 

Thermo®) in the same samples as [2]. Direct analyses of estuarine water samples (N = 52) were performed to determine 

dissolved Sb concentrations ( < 0.2 µm filtered and UV irradiated replicates) along the turbidity and salinity gradients 

of the Gironde Estuary (SW France), covering two contrasting hydrological conditions (1203 m3 s-1 and 248 m3 s-1 

freshwater discharges). Results show similar concentrations for both UV and non-UV irradiated samples, indicating a 

very low influence of colloidal organo-complexed species compared to the total inorganic Sb. Overall, Sb reactivity 

shows an additive, non-conservative behaviour in the Gironde Estuary, with different intensities according to flood or 

drought conditions. Thus, the same conclusion as identified in [2] was reached. However, characteristic 121Sb isotopic 

interferences in samples of salinity > 20 were detected and efficiently eliminated by the performance of the QQQ-ICP-

MS. These results allow quantifying for the first-time daily Sb dissolved net fluxes from the Gironde Estuary to the 

Atlantic coast using Boyle’s method [3].  

 

References:  

[1] Filella (ed.), Walter de Gruyter GmbH & Co KG (2021).  

[2] Gil-Díaz et al., Marine Chemistry, 185, 65-73 (2016).  

[3] Boyle et al., Geochimica et Cosmochimica Acta, 38, 1719-1728 (1974). 
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Antimony release upon flooding – Identification and characterization of the underlying 

biogeochemical drivers 

 

Ursina Morgenthaler¹, Isabelle Worms², Karen Viacava¹, Julie Tolu³, Vera Slaveykova² and Adrien Mestrot¹ 

¹ University of Bern / Institute of Geography, ² University of Geneva / Department F.-A. Forel, ³ EAWAG Swiss 

Federal Institute of Aquatic Science and Technology, University of Zurich 

 

ursina.morgenthaler@giub.unibe.ch 

 

Antimony (Sb) is used in a vast variety of everyday products and its emissions to the environment are increasing 

severely. Due to its toxicity, elevated concentrations of Sb pose a significant risk to humans and the environment. Soil 

Sb can be very mobile under flooded conditions, a state which is expected to occur more frequently and more intensively 

in the future due to climate change. Sb could represent a danger for surrounding environments, when mobilized from 

soil to porewater and thus (bio)available to (micro)organisms. Environmental concerns about Sb have emerged only 

recently and many aspects of its complex biogeochemistry remain unclear. Here, we incubated different Sb-

contaminated soils under flooded conditions in mesocosms, which allowed for soil, porewater, surface water, and head-

space sampling over an incubation time of three months. Soil porewater was analyzed for Sb speciation, Sb size 

fractionation, and a series of explanatory parameters. A new sequential extraction procedure, adapted for Sb, was applied 

to the soils. Very high porewater Sb concentrations were observed shortly after flooding (hundreds of µg L-1), which 

decreased sharply, presumably due to the reduction to Sb(III) and readsorption onto Iron(Fe) -oxides. Sequential 

extraction revealed that most Sb was bound to amorphous Fe –oxides or remains in the residual phase. This Fe-bound 

Sb was released upon reductive dissolution, as seen in a simultaneous increase in Sb and Fe concentration around 3 

weeks after flooding. Size fractionation of porewater Sb revealed that the majority of Sb is present as very small, purely 

dissolved ions, meaning that colloidal transport only plays a minor role in Sb mobility. Interestingly, trimethylated Sb 

was detected in soil porewater after a few weeks of flooding. The analysis of volatile Sb, still missing, will also be 

presented. This study implemented new analytical methods for Sb characterization and by including soil, water, and air, 

draws a more comprehensive picture of Sb geochemistry of flooded soils. 
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Divergent repartitioning of antimony and arsenic during jarosite transformation in aerobic versus 

anaerobic incubation 

 

Xiaohu Jin¹, Zhi Dang, Guining Lu and Chuling Guo¹  

¹ South China University of Technology 

 

jinxiaohuscut@scut.edu.cn 

 

Jarosite is the host mineral of Sb(V) and As(V) in mining environment. However, the divergent repartitioning of Sb and 

As during jarosite transformation are not well understood. In addition, the mutual effect of Sb and As on their 

redistributive behavior during jarosite conversion is also unclear. Here, we investigate the transformation of Sb(V)-, 

As(V)- and Sb(V)-As(V)-jarosite at pH 5.5 in aerobic and anaerobic incubations. The results indicated that co-

precipitated Sb(V) could promote jarosite dissolution and the final products were mainly goethite and hematite. In 

contrast, the co-precipitated As(V) retarded the dissolution of jarosite and changed the transformation pathway mainly 

forming lepidocrocite, which might be attributed to the formation of As-Fe complexes on jarosite surface. The inhibiting 

or promoting effect increased with the amount of co-precipitated arsenic or antimony increasing. In treatment with 

Sb(V)-As(V)-jarosite, the inhibition of co-precipitated As(V) on mineral dissolution also was predominant but the end 

products were mainly goethite and hematite. Compared with incubations in the aerobic system, the dissolution and 

transformation of jarosite in treatments under the anaerobic system were faster although without reductant, which might 

be associated with the reduction of CO2 content in the reaction solutions after degassing. In all treatments, the release 

of Sb(aq) and As(aq) into the solution were negligible during the jarosite transformation. The transformation processes 

drove As into the surface-bound exchangeable and poorly crystalline phases, while Sb was typically redistributed in 

poorly crystalline phase. During the transformation of Sb(V)-As(V)-jarosite, the co-existence of As significantly 

increased the proportion of surface-bound exchangeable and poorly crystalline Sb. These findings are valuable for 

predicting the long-term fate of Sb and As in the mining environment. 
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Speciation and mobility of arsenic and antimony in soils and mining wastes from an abandoned Sb-Au 

mining area 

 

Petr Drahota, Petra Venhauerova and Ladislav Strnad 

 

drahota@natur.cuni.cz 
 

Gold mining activities have long been recognized as one of the most important local sources of arsenic (As) and 

antimony (Sb). This study was focused on the geochemistry and mineralogy of As and Sb in three historical mining 

wastes and two soil profiles at the Krásná Hora-Milešov and Příčovy Sb-Au ore districts (the largest Sb ore districts in 

the Czech Republic), with an emphasis on As and Sb distribution and mobility. The mining wastes were slightly alkaline, 

with both high and variable concentrations of As (318-1360 mg/kg) and Sb (214-8740 mg/kg). The naturally developed 

soils were acidic to neutral and enriched in As (up to 208 mg/kg) as well as in Sb (up to 255 mg/kg). In the mining 

wastes, the primary ore minerals (arsenopyrite, pyrite, and stibnite) have been substantially oxidized and replaced by 

secondary As and Sb mineral phases such as Fe (hydr)oxides, Ca-Fe-Sb (hydr)oxides, as well as the less common Ca-

Sb (hydr)oxides and Ca-Fe arsenates. The primary sulfide minerals were absent in the soils, and both As and Sb were 

particularly bound to crystalline Fe (hydr)oxides (goethite and hematite) and clay minerals (especially true for Sb). The 

stability of As and Sb in the mining wastes and soil was affected by both the pH and competing phosphate. The results 

of water extractions indicated that the mobility of As and Sb increased with increasing pH, and that (in most samples) 

the mobility of As was lower than that of Sb, due to the higher efficiency of As adsorption at high pH. However, the 

leaching of the agricultural soils by different PO4
3– concentrations revealed only the mobilization of As (at PO4

3– 

concentrations greater than 0.1 mmol/L). These results imply that high loads of phosphate from fertilizers into 

agricultural soils can potentially enhance the mobility of As, while in these environments the mobility of Sb is instead 

controlled by the pH. 
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Novel insights into the mechanisms for Sb mobilization in groundwater in a mining area: A colloid 

field study 

 

Xiaocen Jia and Jianwei Zhou 

China University of Geosciences 

 

xiaocen_jia@cug.edu.cn 

 

 

Colloids play an important role in the geochemical cycle of antimony (Sb). However, the controlling behaviors of 

colloids on Sb fate in contaminated groundwater are not available. In this study, we aimed to investigate the effects of 

colloids on Sb mobility in groundwater samples collected from two main aquifers (D3s2 aquifer and D3x4 aquifer) at 

the Xikuangshan Mine. To achieve this, the groundwater samples were subjected to progressive (ultra)filtration through 

pore sizes of 0.45 μm, 100 kDa, 50 kDa, and 5 kDa. The results showed that about 0.1% - 84.1% of Sb was adsorbed or 

retained by colloids, with Sb concentrations in the colloids (0.45 μm–5 kDa) ranging from 0–2972.6 g/L. Additionally, 

we found a significant positive correlation between Sb and dissolved organic carbon (DOC) in both fractions, with 

correlation coefficients (r) of 0.72 (p < 0.05) and 0.94 (p < 0.01) in the D3x4 aquifer and D3s2 aquifer, respectively, 

suggesting a close association between Sb and organic colloids. Parallel factor analysis (PARAFAC) of the three-

dimensional fluorescence spectra determined that protein-like substances in the D3x4 aquifer and humus-like substances 

in the D3s2 aquifer controlled the behavior of Sb. X-ray absorption spectroscopy (XAS) further confirmed Sb 

complexing with organic substance. We also observed that the competitive adsorption of arsenic and Sb affected the 

complexation of colloids with Sb, particularly in the D3x4 aquifer. Moreover, Sb mobility was also controlled by the 

redox of the groundwater system, with an increase in oxidation-reduction potential and dissolved oxygen leading to a 

decrease in the proportion of Sb in the colloids. This study provides new insights into the mechanisms involved in Sb 

fate affected by colloids in contaminated groundwater. 
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Antimony speciation in planta exposed to antimonate and antimonite 

 

Dane Lamb¹, Sepide Abbasi², Edward Burton³, Zhuyun Gu¹, Suzie Reichman⁴, Liang Wang⁵ and Steve McGrath⁶ 

¹ RMIT University, ² Environmental Resources Management Limited, ³ Southern Cross University,                               

⁴ University of Melbourne, ⁵ University of Newcastle, Australia, ⁶ Rothamsted Research 

 

dane.lamb@rmit.edu.au 

  

Global emissions of antimony (Sb) have increased substantially in recent years, concomitant with increased Sb 

contamination of the environment. It is a highly reactive metalloid known to bind with a range of organic functional 

groups. However, antimony toxicity, speciation and behaviour in plants remains poorly resolved. This study reports Sb 

speciation results from four plant species (Cucumis sativus L.; Triticum aestivum L.; Banksia seminida (A.S.George) 

B.Rye; Hakea prostrata R.Br) exposed to antimonate (Sb(V)) and antimonite (Sb(III)) grown in nutrient culture. 

Antimony speciation was investigated with X-ray absorption spectroscopy in each treatment following 72 h exposure 

to Sb. In Sb(V) exposed roots, between 5-33% was present as Sb(III); in Sb(III) exposed roots 1.3-17% was oxidised to 

Sb(V). Polygalacturonic acid (PGA) bound Sb represented a major proportion of Sb in both Sb(V) and Sb(III) exposed 

roots. Linear combination fitting (LCF) indicated that 67-96% in Sb(V) exposed plants was present as Sb-PGA, whilst 

37-60% was present as Sb-PGA in Sb(III) exposed roots. The reduced proportion of PGA-Sb in Sb(III) exposed plants 

was associated with increased thiol bound Sb, arising as a result of increased phytochelatin production. In isolated cell 

walls, both Sb(III) and Sb(V) sorbed to cell walls at pH 3-7 with greater Sb(III) sorption at each pH. Extended X-ray 

absorption fine structure spectroscopy confirmed bonding Sb(V) and Sb(III) to oxygen containing structures of root cell 

walls.  At pH 7 in the Sb(III) sorbed samples, senarmontite formation was evident from sorption experiments. The LCF 

results, together with the clear evidence of Sb bonding to cell walls, demonstrates a substantial role of oxygen containing 

functional groups of Sb(V) and Sb(III) in plant roots. However, the higher internalisation of Sb(III), toxicity, and greater 

induction of phytochelatins in Sb(III) exposed roots resulted in higher Sb-thiol species. 
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Catch me if you can – understanding antimony geochemistry during Fe(II) oxidation 

 

Laura Wegner¹, Andreas C. Scheinost habil.², Stefan Peiffer¹ and Kerstin Hockmann¹ 

¹ Universität Bayreuth, ² European Synchrotron Radiation Facility (ESRF) 

 

Laura.Wegner@uni-bayreuth.de 
 

The mobility of antimony (Sb), a toxic metalloid of increasing concern, is closely linked to the biogeochemical cycling 

of iron (Fe). The microbial production of soluble Fe(II) under anoxic conditions has been shown to release co-associated 

Sb (occurring as Sb(V) and/or Sb(III)). Upon re-aeration, Fe(II) may be re-oxidized and co-precipitate with Sb. The 

extent to which Fe(III) oxide precipitation immobilizes Sb, however, is still poorly understood and likely depends on an 

array of factors such as pH, Sb species and the nature of the newly formed Fe(III) oxides. This study investigated the 

effect of Fe(II) oxidation in presence of Sb on the nature of the resulting Fe(III) precipitates and on the coupled 

sequestration of Sb in a pH range typical of Sb-contaminated systems (pH 6, 6.5 and 7). To initiate the oxidation reaction, 

0.5 mmol L-1 Fe(II) were added to an oxygen-saturated electrolyte solution containing 0 – 50 µmol L-1 Sb(V) or Sb(III). 

Changes in aqueous Sb and Fe(II) concentration were monitored during the experiment. Resulting solid phase samples 

were collected and characterized by spectroscopic and microscopic techniques. Our results showed that Fe(II) oxidation 

kinetics and Sb sequestration were highly pH-dependent. In the absence of Sb, X-ray diffractometric and X-ray 

absorption spectroscopic data revealed lepidocrocite as the only solid-phase product. In contrast, the presence of Sb 

suppressed lepidocrocite precipitation, and additionally resulted in formation of feroxyhyte. Extended X-ray absorption 

fine structure spectroscopy showed that Sb immobilization was attributable to incorporation of Sb(V) into Fe(III) 

octahedral sites of the Fe(III) oxide precipitates. Our results are important for a robust understanding of Sb geochemistry 

in redox-dynamic environments as they demonstrate that Sb itself influences the pathways of secondary Fe oxide 

formation. They also provide critical information for the development of remediation practices for Sb-contaminated 

sites that are prone to waterlogging or flooding. 
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Binding of Sb(V) to organic-mineral complexes: implications for Sb mobility and fate 

 

Wanyu Li, Jianwei Zhou, Ying Li and Xiaocen Jia 

 

wy_li@cug.edu.cn 
 

The soil environmental mobility and fate of antimony (Sb) is often strongly affected by adsorption of soil particles, and 

the process and mechanism of its adsorption at the nanoscale are not fully understood. In this study, a series of batch 

experiments were conducted to evaluate the process and mechanism of Sb(V) adsorption to a typical organic-mineral 

complex (humic acid-nanohematite, HA-Hem). The specific surface area, pore capacity and pore size of HA-Hem were 

reduced compared with that of pure nanohematite, and the change was positively correlated with humic acid 

concentration. The adsorption of HA-Hem on Sb(V) was lower than that of single nanohematite, and the adsorption of 

HA-Hem on Sb(V), gradually decreased with the increase of humic acid concentration. Extended X-ray absorption fine 

structure (EXAFS) analyses show Sb(V) adsorption on HA-Hem occurs inner surface complexation, that is the Sb-Fe 

bond (monodentate mononuclear co-angular) was formed in the adsorption process. Sb(V) is more easily adsorbed on 

HA-Hem under acidic conditions, and the adsorption amount decreases with increasing pH. The effect of ionic strength 

on the adsorption of Sb(V) was weaker than pH, and the adsorption of Sb(V) by HA-Hem increased with the increase 

of ionic strength. The results provide a basis for further understanding of the mobility and fate of the highly toxic 

pollutant antimony in the environment. 
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The assessment of bioavailability of antimony and lead in historical and active shooting range soils 

 

Karolina Lewińska¹, Izabela Komorowicz¹, Anna Karczewska², Milena Zięba¹, Aleksandra Medyńska¹, Julia Janus¹ 

and Agnieszka Dradrach³ 

¹ Adam Mickiewicz University in Poznań, Poland, ² Wrocław University of Environmental and Life Sciences                   

³ Wroclaw University of Environmental and Life Sciences 

 

karolina.lewinska@amu.edu.pl 

 

Lead and antimony are the two dominant hazardous elements occurring in shooting range soils, which is related to the 

chemical composition of bullets. Lead is considered one of the most toxic elements, while the impact of antimony on 

human and environmental health is still not clear. What makes antimony dangerous is its unpredictability. Little is still 

known about the long-term effects of antimony on exposed living organisms and its ambiguous behavior that depends 

on prevailing climatic and soil conditions. In this study, we examined a release of Sb and Pb from seven shooting range 

soils in order to assess their potential bioavailability. Soil samples were collected in 33 points from two layers (0-10 and 

10-25 cm) in two complexes of shooting ranges in Poznań, Poland. The first one was located in the old fortification 

system, close to the Warta river, where the shooting range was used since 1860s till 1945. The second one is currently 

in use. The highest concentrations of Sb in the top soils were up to: 290 and 931 mg Sb kg-1, respectively. Lead 

concentrations were also extremely high, i.e. up to 11300 and 37900 mg Pb kg-1 in the historical and active shooting 

range, correspondingly. An incubation experiment is currently performed to examine the changes in Sb and Pb 

extractability upon accelerated weathering process. Selected samples are presently kept in a climatic chamber 

accelerating the processes of weathering, where one freeze-thaw cycle consists of freezing, constant and thawing stages. 

After approx. 1000 cycles, different procedures of single and sequential extraction will be used to determine the current 

and potential bioavailability of Sb and Pb, taking into account their affinity to different soil components and changing 

soil conditions. 
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Fate of antimony contamination generated by road traffic – A focus on Sb geochemistry and 

speciation in stormwater ponds 

 

Sophie Ayrault¹, Maëva Philippe², Pierre Le Pape³, Eléonore Resongles⁴, Gautier Landrot⁵, Rémi Freydier¹ and 

Corinne Casiot¹ 

¹ CNRS, ² IMPMC – LSCE, ³ IMPMC, ⁴ IRD (Institut de Recherche pour le Développement), ⁵ Synchrotron Soleil 

 

sophie.ayrault@lsce.ipsl.fr 

  

Although antimony (Sb) contamination has been documented in urban areas, knowledge gaps remain concerning the 

contributions of the different sources to the Sb urban biogeochemical cycle, including non-exhaust road traffic 

emissions, urban materials leaching/erosion and waste incineration. Details are lacking about Sb chemical forms 

involved in sediments and water bodies. With the aim to document the fate of metallic contaminants, and focusing on 

Sb, emitted through non-exhaust traffic emissions in urban aquatic systems, we studied trace element contamination in 

three highway stormwater ponds (models of surface environments receiving road-water runoff). In all systems, 

differentiated on the basis of lead isotopic signatures, Sb shows the higher enrichment factor with respect to the 

geochemical background, up to 130, compared to other traffic-related elements (Co, Cr, Ni, Cu, Zn, Cd, Pb). 

Measurements of Sb isotopic composition (δ123Sb) performed on solid samples, including air-exposed dusts and 

underwater sediments, show an average signature of 0.07 ± 0.05‰ (n=25, all sites), close to the δ123Sb value measured 

previously in certified reference material of road dust (BCR 723, δ123Sb = 0.03 ± 0.05‰). SEM-EDXS investigations 

show the presence of discrete submicrometric particles concentrating Sb, interpreted as friction residues of Sb-

containing brake pads. Sb solid speciation determined by linear combination fitting of X-Ray Absorption Near Edge 

Structure (XANES) spectra shows an important spatial variability in the ponds, with Sb chemical forms likely driven 

by local redox conditions: “dry” samples exposed to air exhibited contributions from Sb(V) O (44% to 100%) and Sb(III) 

O ( < 10% to 56%) species whereas only underwater samples, representative of suboxic/anoxic conditions, showed an 

additional contribution from Sb(III) S (48% to 81%) species. Altogether, these results confirm the traffic emission as a 

specific source of Sb emission in surface environments. The spatial variations of Sb speciation observed likely reflect 

an important geochemical reactivity in this context, which could have important implications on Sb transfer properties 

in (sub)surface hydrosystems. 
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Uranium partitioning in the rhizosphere of a riparian wetland 

 

Daniel Kaplan¹, Maxim I. Boyanov, Nathaniel Losey, Wendy Kuehn, Peng Lin, Chen Xu, Peter H. Santschi, Wei Xing, 

Pamela Weisenhorn and Kenneth M. Kemner 

¹ University of Georgia 

 

Daniel.Kaplan@uga.edu 
 

A riparian wetland located on the Savannah River Site in South Carolina USA has been shown to be extremely effective 

at attenuating uranium (U) released over 50 years ago from a nuclear fuel fabrication facility. The objective of this study 

was to determine if the U sediment concentrations in the wetland were enriched in the rhizosphere, the sediment region 

around plant roots. Six paired rhizosphere/non-rhizosphere samples were collected with U concentrations that were on 

average >100 wt-% (as much as 1100 wt-%) greater in the rhizosphere than in non-rhizosphere fractions, due to their 

difference in biogeochemical properties. Iron and Mn (but not total-organic C and N) were significantly enriched in the 

rhizosphere. Based on XANES analyses of three paired samples, the sediment U in both fractions existed exclusively 

as U(VI). Linear combination fittings of U LIII-edge EXAFS spectra suggested that the U existed as hydrated uranyl 

(UO2
2+) coordinated with Fe and organic matter species in both the rhizosphere and non-rhizosphere. There was a 

consistently greater proportion of Fe-coordinated U(VI) in the rhizosphere than non-rhizosphere sediments. This 

observation was consistent with the finding that there was a significantly greater total Fe concentrations (as nano-Fe-

oxides) in the rhizosphere than non-rhizosphere fractions. Based on 16S rRNA analyses, there were notable differences 

in the archaeal and bacterial 16S rRNA sequences between these two sediment fractions. Most bacterial sequences in 

the paired samples were heterotrophs. Greater relative abundances of two methanogenic lineages (genera 

Methanosarcina and Methanocella) and the genus Bathyarchaeia were observed in the non-rhizosphere compared to 

rhizosphere fractions, conversely the relative abundance of sequences related to the genus of Nitrosotalea were greater  

in the rhizosphere. Finally, not all paired samples had enriched U concentrations in the rhizosphere. This was in part 

attributed to the observation that U was strongly bound to the sediments, with an average desorption-Kd value (U 

concentration ratio of sediment:aqueous) of 3972 ± 1370 (mg U/kg)/ (mg U/L). This suggests that once the U was bound 

to these organic rich wetland sediments, there was little tendency for it to desorb from its deposited location and then 

reconcentrated in the rhizosphere, where the geochemical conditions appeared to be especially conducive to binding U. 
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Selective electrochemical recoveries of Cu and Mn from mixed end-of-life Li-ion batteries 

 

Bruno Manzolli Rodrigues¹, Jędrzej Piątek², and Adam Slabon¹ 

¹ Bergische Universität Wuppertal, Fakultät Mathematik und Naturwissenschaften, ² Stockholms universitet 

 

manzolli@uni-wuppertal.de 

 

Over the last decades, rechargeable lithium-ion batteries (LIBs) have been responsible for a revolution in society’s daily 

life. Nowadays, LIBs have been used for an extensive and diversified range of applications, from smartphones and 

laptops to medical devices and electric vehicles. Given the continued electrification of vehicles and mass generation of 

spent LIBs, finding strategies for their reutilization becomes crucial. Although recycling of end-of-life batteries is one 

of the ways to satisfy the need for manufacturing new ones, this is still a challenge due to the lack of sustainable and 

efficient methods on a large scale. In this context, since electrochemical approaches have been widely used in the 

production of metals and alloys, they appear as a promising and potential strategy for the recovery of critical metals 

present in cathode materials in LIBs. With that in mind, we proposed an investigation into the electrochemical recovery 

of different metal ions from LIBs, aware of the need to reorganize metal recovery processes that currently exist on an 

industrial scale. For this purpose, mixed cathode materials have been collected from used LIBs and leached altogether 

with sulfuric acid and hydrogen peroxide. Then, the resulting solution has been electrochemically treated by applying 

different constant potentials and times, while also considering different cathode (working electrode) and anode (counter 

electrodes) materials. The selective separation of Cu and Mn at the cathode and anode sides, respectively, was reached 

by using a constant potential of -0.5 V for 20 h. Complete and selective recoveries of Cu and Mn were proved by ICP-

OES methods, while the purity of the obtained products was checked by XRD and SEM-EDS analysis. This work shows 

a great potential for implementing electrochemical methods for the recovery of valuable metals from spent LIBs, which 

can be easily scaled-up and implemented in the industry as an alternative to current non-green recovery processes. 
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Selective recovery of rare earth elements and value-added chemicals from the Dicranopteris linearis 

bio-ore produced by agromining using green fractionation 

 

Candie Xie¹, Wenshen Liu¹, Yetao Tang¹ and Rongliang Qiu² 

¹ Sun Yat-sen University, ² South China Agricultural University 

 

xiecd3@mail2.sysu.edu.cn 

 

The increasing demand for Rare Earth Elements (REEs) and the depletion of abundant mineral resources motivates 

sustainable strategies for REE recovery from alternative unconventional sources. One strategy that could be employed 

to extract REEs from conventionally uneconomic sources, such as mine wastes, is phytomining using REE 

hyperaccumulators. The pantropical fern Dicranopteris linearis is the strongest known REE hyperaccumulator (capable 

of attaining ~3000 mg·kg-1 REEs in its biomass) and subject to a multitude of investigations for its potential use in 

phytomining, especially in China. However, currently the greatest impediment to successful REE phytomining is the 

difficulty in the separation of REEs and other elements from the harvested biomass (bio-ore). In the current study, we 

report on the development of a sulfuric acid assisted ethanol fractionation method for processing D. linearis bio-ore to 

produce the pure REE compounds and value-added chemicals. The results show that 94.5% of REEs and 87.4% of Ca 

remained in the solid phase, and most of the impurities (Al, Fe, Mg, and Mn) transferred to the liquid phase. Density 

functional theory calculations show that the water-cation bonds of REEs and Ca cations were broken more easily than 

the bonds of the cations of key impurities, causing lower solubility of REEs and Ca compounds. Subsequent separation 

and purification led to a REE-oxide (REO) product with a purity of 97.1% and a final recovery of 88.9%. In addition, 

lignin and phenols were obtained during organosolv fractionation coupled with a fast pyrolysis process. This new 

approach opens up the possibility for simultaneous selective recovery of REEs and to produce value-added chemicals 

from REE bio-ore refining. 
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The recovery and recycling of rare earth elements (REEs) is often considered expensive, inefficient and challenged by 

several different limitations. Yet, the development of cost-effective and resource-saving technologies bears a huge 

potential, both economically and environmentally. The task specific ionic liquid (TSIL) trihexyltetradecylphosphonium 

3-hydroxy-2-naphthoate, [P66614][HNA], has been described as suitable extraction agent for numerous metals from 

aqueous phases, while additionally providing reduced leaching into the used matrices. For this work, we wanted to 

investigate the extraction properties of [P66614][HNA] towards REEs. Out of these La, Ce, Nd, Ho und Lu were chosen 

as representative mix of light and heavy elements. Single- as well as double-element extractions were carried out under 

varying conditions regarding pH, temperature and extraction time. The pH value of 2.5 showed highest extraction rates 

while still minimalizing precipitation of the according metals. Satisfying extraction efficacies (> 80 %) were achieved 

already after 6 h for the elements Ce, Nd and Lu in single element extraction experiments at room temperature. Increased 

temperatures improved the extraction efficacy for Nd from 36% at 20°C to 80% at 30°C after only 2 hours. Surprisingly, 

this effect could not be observed for Ce in single element experiments. However, double-element feed solutions 

containing both Ce and Nd showed an increase in regard of the extraction velocity of Ce to the one of Nd. The leaching 

was found to be in good accordance with values reported in literature, showed a positive correlation with extraction 

efficacies and ranged for all extractions between 0.8 and 1.2 %. Remarkably, the increase of temperature from 20°C to 

30°C had no significant influence on the leaching. 
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Is the USEtox model for assessing the terrestrial ecotoxicity of trace elements adapted to the 
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Organic residues (OR) are of interest to substitute mineral fertilizers in agriculture. They are however a major contributor 

to soil chronic trace elements (TE) contamination, which may exert toxic effects on soil organisms and reduce soil 

fertility. These negative impacts question the long-term sustainability of agricultural OR recycling. To estimate the 

terrestrial ecotoxicity of TE, a novel method was proposed in the USEtox model for life cycle impact assessment. It 

computes the comparative toxicity potential (CTP) via pedo-transfer functions and by decomposing it in the four 

characterization factors: fate, availability, bioavailability, and toxicity towards soil organisms. Beyond the interest of 

this model, its relevance in the context of OR recycling in agriculture is unknown. We therefore empirically assessed 

how this model is adapted to estimate the ecotoxicological impact of copper (Cu) and zinc (Zn) in an OR-amended 

agricultural soil. A 26 day-long incubation of the soil with or without 31 OR (pig or broiler faeces), showing distinct Cu 

and Zn concentrations, was carried out in controlled lab conditions that mimic a field application. Initial soil properties 

(clay, soil organic matter, pH and Al and Fe oxides) were analysed to inform the model. Soil properties (pH, dissolved 

organic matter – DOM) and TE availability in soil and soil solution, corresponding to the CTP characterization factors, 

were measured at the end of the incubation experiment in each soil-OR mixture. Empirically-determined CTPs were 

different by up to 1.5 log unit from the model estimations for Cu, 0.3 for Zn. The CTP variability measured after OR 

application in our experiment was comparable to the variability observed for world-wide soils. One major explanation 

is the overestimation of DOM concentration and the absence of consideration of DOM binding properties. Our results 

overall support the need to improve the model for application to agricultural OR recycling. 
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Mass balance analysis of PFAS in communal waters at a wastewater plant from Austria 
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Wastewater treatment plants are a major source of per and polyfluoroalkyl substances (PFAS) in the environment 

moreover, long chain PFAS are known to accumulate in sewage sludge. Most of the publications focus on Nordic 

countries or United States, however, the problem not limited only to these areas, and little information is available from 

Austria. In this study influent, effluent, and sludge from two wastewater treatment plants from Austria were analysed 

for target PFAS compounds with HPLC MS/MS and extractable organic fluorine (EOF) content with combustion ion 

chromatography (CIC). The sum of 31 target PFAS increased from 0.022 – 0.046 ng/g in influent to 0.14 – 0.21 ng/g  

in effluent and around 0.01 µg/g in sludge, while EOF were found to be consistent (2.3 – 3.5 ng F/g) in influent/effluent 

and 1.0 µg F/g in sludge. Mass balance analysis showed an increase in the identified PFAS compounds in the effluent 

compared to the influent (from 0.9% - 1.3% to 3.6% - 6.1%), suggesting biotransformation of non-targeted PFAS 

precursor compounds. In conclusion, wastewater treatment plants transform some PFAS, and wastewater effluent is a 

source of PFAS contamination in surface water. 
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Per- and polyfluorinated alkyl substances (PFASs) are a large group of anthropogenic contaminates. Concerning are 

especially their persistent, bioaccumulative and toxic properties. Mostly, target-based approaches (e.g., LC-MS/MS) are 

utilized for the analysis of PFASs in the environment. But these approaches are limited to the availability of analytical 

grade standards and therefore drastically underestimate the total PFAS burden. Analytical approaches based on total 

fluorine for PFAS sum parameter analysis become increasingly important to indicate realistic PFAS pollution levels. 

PFAS sum parameters display the proportion of organically bound fluorine that can either be extracted (EOF) or 

adsorbed to activated carbon (AOF). For the instrumental analysis of such sum parameters, a fluorine selective detector 

is needed. Besides combustion ion chromatography (CIC), high resolution-continuum source-graphite furnace 

molecular absorption spectrometry (HR-CS-GFMAS) is a sensitive and highly selective tool for fluorine determination. 

The method is based on the in situ formation of diatomic gallium-mono fluoride (GaF) in a graphite furnace at a 

temperature of 1550°C. The molecular absorption of GaF can be detected at its most sensitive wavelength at 211.248 

nm providing limits of quantification in the low µg F L-1 range. Here, we present a comparison of total fluorine analysis 

methods – AOF vs. EOF and HR-CS-GFMAS vs. CIC. Therefore, surface water samples from the Spree River in Berlin, 

Germany were analyzed at 10 locations for total fluorine (TF), AOF and EOF. The AOF made up 0.14–0.81% of TF 

and the EOF 0.04–0.28% of TF while AOF concentrations were systematically higher. For the instrumental comparison, 

HR-CS-GFMAS was the more sensitive and precise method for fluorine analysis compared to CIC. 
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Understanding the fluorine mass balance upon PFAS destructive methods 
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Advanced oxidative processes are proven to be promising methods for the degradation of per- and poly-fluoroalkyl 

substances (PFAS) in solutions. Electrochemical oxidation (EO) and ultraviolet (UV) radiation are processes emerging 

as viable options that can significantly reduce the concentration of PFAS in water. The current study was conducted to 

evaluate the performance of EO, UV and combined EO-UV for PFAS degradation in water. A mass balance approach 

was conducted to assess fluorine fate upon the different treatments. The degradation of PFOS and PFOA and the fate of 

fluorine upon treatment were studied using single electrochemical and UV reactors and the combination of both 

methods. The concentration of PFAS in samples was measured using an HPLC-MS/MS whereas fluoride concentration 

was measured by an ion-selective electrode (ISE). The results indicated that at 10 mA cm-2 and using S2O8
2- electrolyte, 

the degradation reached 83% PFOA and 63% PFOS after 4 h of EO. Removal efficiencies were decreased by reducing 

the current density and shortening the treatment time. The degradation upon UV radiation reached 24% PFOA and 16% 

PFOS using S2O8
2- after 4 h treatment. The combined system increased the removal efficiencies compared to the results 

obtained in separated systems. Under 10 mA cm-2, UV radiations, the presence of persulfate as an electrolyte and after 

4 h treatment time, the treatment achieved 96% PFOA and 85% PFOS. A mass balance analysis indicated that 54% 

(EO), 10% (UV) and 70% (EO-UV) fluorine was not detected, neither in the PFAS analysis nor as fluoride ion in 

solution. This fluorine misbalanced could have likely happened due to the adsorption of bioproducts on the BDD surface, 

undetected PFAS byproducts, the formation of volatile fluorine products or the formation of inorganic fluorine 

complexes not detected using an ISE. Measuring total fluorine using established methods is crucial to identify undetected 

fluorine in inorganic or organic form.  
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ilaria.battisti@studenti.unipd.it 

 

Poly- and perfluoroalkyl substances (PFAS) are a group of more than 4700 artificial aliphatic molecules, which are 

widely used by industry owing to their unique physico-chemical properties. PFAS are resistant to chemical and 

biological degradation, thus they are persistent and mobile in the environment. PFAS polluted soils and waters are 

secondary sources for plants, that accumulate them in different amounts depending on the chain length, functional group 

and PFAS source. Contaminated fruits and vegetables from polluted areas may represent a significant PFAS source for 

humans, and their accumulation into agrifood can increase risks for health. PFAS toxic effects on human health have 

been widely reported, therefore, it is important to evaluate their bioaccumulation in different plant species cropped in 

polluted areas. While information is available on plant uptake in hydroponic studies or pot experiments, information 

from field trials conducted in real polluted agricultural areas is scant. Here, we report the results from a field trial set up 

in Creazzo (Vicenza, North-East Italy), where soil and water are polluted by several PFAS compounds. Plants of lettuce 

and different varieties of tomato, grafted or ungrafted, were grown and PFAS accumulation was quantified by LC-

MS/MS analysis. Only PFBA was detected in lettuce leaves, whilst other PFAS were present at trace-level amounts. 

Concerning tomato, PFBA, PFBS, PFHxA, PFHpA and PFOA were accumulated into leaves, whereas fruits 

accumulated mainly PFBA, PFPeA and PFHxA. In most cases, the ungrafted variety contained less PFAS compared to 

the grafted ones. Generally, a decreasing trend in the PFAS concentrations in fruits dependent on the increasing height 

of the plant trusses was observed. Results in terms of PFAS uptake and accumulation in plant tissues by the studied 

crops and implications for human health risks are discussed. 
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In the past decades, organofluorine compounds, which encompass several compound classes such as per- and 

polyfluoroalkyl substances (PFAS), fluorinated pharmaceuticals and pesticides, have been increasingly found in the 

environment. Due to the persistent, toxic, and bio-accumulative nature of many organofluorine compounds, it is vital to 

monitor their concentrations in environmental samples such as surface waters, soil, and wastewater. The accurate and 

precise quantification of organofluorine compounds in trace concentrations requires sensitive analytical methods. PFAS, 

fluorinated pharmaceuticals, and fluorinated pesticides are routinely monitored using LC-MS/MS target analysis. 

However, in most cases this method only accounts for a minor fraction of the total extractable organofluorine (EOF) in 

samples. To characterize the remaining EOF, a comprehensive fluorine mass balance approach is needed. Since more 

than 20% of pharmaceuticals and about 50% of pesticides contain one or more fluorine atoms, in this work we focused 

on the quantification of fluorinated pharmaceuticals, pesticides, and their metabolites in environmental samples such as 

wastewater extracts. Herewith we present a fluorine mass balance approach that includes target analysis of the 

aforementioned organofluorine categories by LC-MS/MS, suspect and non-target analysis by LC-QToF-MS, and total 

EOF analysis by combustion ion chromatography (CIC). The results of this study enable us to gain more insight into 

the fluorine speciation in the environment and are valuable for further attempts at characterizing previously unmonitored 

organofluorine metabolites. In the future, it is vital to continue the fluorine mass balance approach using various 

environmental samples to compare and evaluate the newly employed methods with the state-of-the-art methods for 

organofluorine analysis. 
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The extensive presence of per- and polyfluoroalkyl substances (PFAS) and the detection of unidentified organofluorine 

(UOF) in drinking water have raised growing health concerns. In this study, tap water samples from Shanghai were 

collected to assess the occurrence of extractable organofluorine (EOF) and target PFAS. Ultra-short chain PFASs were 

the largest contributor to target PFAS, accounting for up to 97% of ΣPFAS. However, organofluorine mass balance 

analysis revealed that target PFAS could only explain less than 24% of EOF. Eight PFAS were identified through suspect 

screening workflow with high confidence levels 3 or above. Bis(trifluoromethanesulfonyl)imide (NTf2) was reported 

for the first time in drinking water from China and p-perfluorous nonenoxybenzenesulfonate (OBS) was also 

ubiquitously identified. Negligible unknown oxidizable precursors were demonstrated after performing a total 

oxidizable precursor (TOP) assay. The findings clearly revealed the large fraction of UOF in tap water and highlighted 

the importance of a comprehensive characterization of PFAS exposure through drinking water. A risk assessment based 

on guideline values and mixture exposure was also conducted, and potential health risk was found when evaluated under 

stringent guideline values, indicating more actions on drinking water safety guarantee are needed. 
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Halogens participate in several biogeochemical cycles and these elements are present in the environment (including 

water bodies) naturally in relatively high amounts. Halogens can also be present due to anthropogenic activities, which 

release persistent pollutants [1]. Thus, halogens can be accumulated in aquatic organisms and consumed by humans 

through these foodstuffs [2, 3]. To correctly assess the intake impact of chemical elements, bioaccessibility/ 

bioavailability trials must be carried out. In vitro protocols can be used for this purpose. Thus, in this work, several 

analytical methods were developed aiming i) total halogen determination in seaweed and in seafood; and ii) halogen 

determination in bioaccessible/residual fractions of seaweed and seafood. Total halogen content in seaweed varied from 

65 to 717 μg g-1 for bromine and from 46 to 3240 μg g-1 for iodine. Seafood present concentrations ranged from < 0.25 

to 34 μg g-1 for fluorine, from 7 to 181 μg g-1 for bromine, and from < 0.47 to 7 μg g-1 for iodine. The highest bioaccessible 

fractions was about 50% of bromine and 60% of iodine of total concentration. Other seaweeds released 35% of bromine 

and 30% to 40% of iodine after digestion simulation. Comparing these fractions with halogen content before digestion, 

no direct relation was verified, which means that the bioaccessible fraction varies according to other factors as the 

majority composition of food. The analytical method for halogen determination in bioaccessible or bioavailable/residual 

fractions of different seafood species is in development. Thus, despite the absolute bromine and iodine concentration in 

seafood being lower than in seaweed, they are largely more consumed and present more fluorine in their composition, 

besides presenting a completely different chemical composition. 
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The interest in the chemistry of fluorine and its compounds has been increasing in the last decades. Despite being 

essential for the health of mineral tissues (teeth and bones) in appropriate amounts, F- can provoke undesired effects in 

several organism parts and functions. Also, organic fluorinated compounds can have deep effects on human metabolism, 

such as fluoroacetic acid which can impair the Krebs Cycle. Moreover, the mere dermal or ocular exposition to F and 

its compounds can result in allergic reactions, skin, and mucous membrane irritation, as well as skin injuries similar to 

chemical burns and wounds [1]. Considering these aspects, it is important to highlight that total fluorine determination 

is still one of the most challenging topics in elemental determination. Gold-standard techniques like ICP-based 

techniques and chromatography have limitations for this task. Therefore, methods that fit different purposes must be 

investigated. Microwave-induced combustion (MIC) combined with ion chromatography (IC) has been used as a 

feasible analytical tool to quantify fluorine in many types of solid and semi-solid samples like cosmetics, foodstuffs, ski 

waxes, and synthetic polymers [2]. Employing MIC using diluted alkaline solutions to absorb the analytes enabled the 

determination of F in addition of bromine, chlorine, iodine, and sulfur in a single analysis by IC coupled to mass 

spectrometry (IC-MS). Otherwise, F is also important for human health. Then, studies evaluating the presence of this 

element and its species in foodstuffs are also carried out. Moreover, the total F determination in ski waxes is important 

for further mass balance in comparison with the per- and poly-fluoroalkyl substances (PFAS) content in the samples. 

Therefore, the challenges and important advances regarding F determination in many types of samples will be presented 

in this lecture. 

 

References: 

1. Tylenda, CA. Agency for Toxic Substances and Disease Registry, 2003. 

2. Costa, VC et al. Microchemical Journal, 2019. 150: p. 104125. 
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Mass balance of fluorine: PFAS in different tissues from pilot whales 
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PFAS (per and polychlorinated alkylated substances) are a class of more than 4700 compounds. No natural PFAS have 

been discovered yet. In fact, nature is not able to cleave the carbon fluorine bond easily. Therefore, PFAS are not 

biodegradable, hence they are termed “forever chemicals”. They bioaccumulate and have detrimental effects in 

mammals. They have been produced since the 1940s and distributed in the environment. The C8 (octanoic acid 

derviatives) were banned by the Stockholm convention of POPs in 2009 (PFOS) and in 2019 (PFOA). Has this an effect 

in wildlife? Do we see age-related bioaccumulation and do we see organ-specific accumulation in an apex marine species 

in the North Sea?  Here we provide evidence, that PFAS can accumulate in different tissues of stranded pilot whales. 

We have sampled 23 pilot whales from one pod of the age between 1 and 35 years stranded at the Scottish East coast in 

2012. In addition to the target -PFAS analysis using LC-MS/MS, we have analyzed also the total extractable 

organofluorine (EOF) analysed by combustion ion chromatography (CIC) in all the samples. The presentation will 

provide evidence that we have an age-related effect, an organ-specific accumulation pattern and that the 31 target PFAS 

make up only a small fraction of the total EOF in the samples.  
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Thallium (Tl) is an extremely toxic metal, whose geochemical behavior remains largely unknown. The purpose of this 

investigation is to probe the migration pathway of Tl in river sediments downstream of an open pyrite mine area via 

isotopic compositions of thallium. Results unveiled that Tl isotopic fractionations were predominantly controlled by the 

anthropogenic inputs. Plot of ε205Tl vs. 1/Tl showed that natural weathering, pyrite tailings, and sewage treatment 

wastes mainly contributed Tl enrichment in the studied sediments. By using a ternary mixing model, anthropogenic 

wastes from pyrite mining activities largely impacted the downstream sediments up to 10 km. All these findings suggest 

that Tl isotopic compositions can be used as powerful proxies to uncover thallium sources and transport pathway in 

river sediments impacted by mining activities. 
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Greenland snow and ice offer the potential for characterizing and understanding human-induced changes in the large-

scale atmospheric cycles of lead (Pb) in the northern hemisphere. Existing records show a dramatic increase in Pb 

concentrations in the 1950s, reaching a peak in the late 1960s, and a subsequent decline in response to the massive use 

of leaded gasoline and the following phase-out in North America and Europe. In this study, we determined Pb 

concentrations and isotopic compositions in a continuous series of 38 snow samples from a northeast Greenland snow 

pit (East GRIP, 75.63o N, 35.99o W, 2550 m a.s.l.), covering the period between 2012 and 2017, to evaluate the recent 

variations in Pb deposition and its origin in Greenland. Pb concentrations show a large variability, ranging from 1.55 to 

143 pg g–1, with a mean value of 16.8 pg g–1, which reflects the strong seasonal variation. The average concentration 

was ~20% lower than that (21.6 pg g–1) observed between 2003 and 2009 from a northwest snow pit (NEEM, 77.26o N, 

51.03o W, 2461 m a.s.l.). High crustal enrichment factors indicate that Pb in recent Greenland snow was greatly enriched 

over the contribution from mineral dust, most likely due to anthropogenic sources. The 206Pb/207Pb and 208Pb/207Pb 

ratios ranged from 1.136 to 1.159 and from 2.401 to 2.436, with mean values of 1.147 and 2.420, respectively. Our 

isotopic data are less radiogenic compared with those of the NEEM snow pit samples, suggesting spatial and/or temporal 

differences in atmospheric transport pathways and geographical origins of Pb. The first isotope mixing model results 

suggest that the average contributions of the EU, the USA, and China to recent atmospheric Pb deposition in Greenland 

were 49%, 28%, and 23%, respectively, highlighting the emergence of China as a major contributor. 
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Tracking human monomethylmercury (MMHg) exposure sources through MMHg compound specific 

stable isotope analysis (MMHg-CSIA) 

 

Shaochen Yang and Ping Li 

 

yangshaochen@cug.edu.cn 

 

Seafood and rice consumption are considered as major pathways for human monomethylmercury (MMHg) exposure in 

Asia. However, it is still challenging to distinguish and quantify these two exposure sources in human body. Here we 

firstly utilized MMHg compound specific stable isotope analysis (MMHg-CSIA) in hair to quantify human MMHg 

sources in coastal and inland area of China where seafood and rice are routinely consumed. The results showed that 

seafood and rice MMHg exposure end-members had significantly different (p < 0.05) Δ199HgMMHg values in both 

coastal and inland areas. Δ199HgMMHg in hair was more similar to seafood, rather than rice. Significant differences 

(p < 0.05) in δ202Hg versus Δ199Hg were detected between MMHg and inorganic Hg (IHg) in human hair, which 

distinguished the potential sources of MMHg and IHg in human body. Therefore, using total mercury (THg) isotope in 

hair with low MMHg fraction may contain uncertainties confounded by IHg. A binary mixing model based on  

Δ199HgMMHg data was developed to estimate human MMHg exposure from seafood and rice. Model results output 

that human MMHg exposure was mostly (>80%) from seafood consumption and only a small portion from rice 

consumption in study areas. This work demonstrated that the MMHg-CSIA method can provide unique information for 

tracking human MMHg exposure sources by excluding the deviations from dietary surveys, individual MMHg 

absorption or demethylation efficiency, and confounding of IHg. 

 

Keywords: Monomethylmercury, Hg isotope, Compound specific stable isotope analysis, Human hair, Seafood, Rice 
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Root uptake dominates mercury accumulation in permafrost plants of Qinghai-Tibet Plateau  by 

isotopic evidence 

 

Xun Wang¹, Xinbin Feng¹, Wei Yuan¹, Che-Jen Lin² and Feiyue Wang³ 

¹ Institute of Geochemistry, Chinese Academy of Sciences, ² Lamar University, ³ University of Manitoba - Winnipeg, 

Manitoba, Canada 

 

wangxun@mail.gyig.ac.cn 

 

Uptake of atmospheric elemental mercury via foliage is thought to be the dominant pathway of mercury accumulation 

in terrestrial ecosystems, including those in the Arctic permafrost regions. Whether a similar process operates in alpine 

permafrost regions remains unknown. Here we report mercury concentrations and stable isotopic signatures in a large 

cluster alpine permafrost regions of mid-latitude Qinghai-Tibet Plateau. We find a transition from foliage to root uptake 

of mercury as elevation increases. In alpine permafrost regions, we find that root uptake of mercury from the surrounding 

soil is the dominant accumulation pathway. We estimate that root uptake accounts for 70±19% of plant mercury in 

permafrost regions of the Qinghai-Tibet Plateau and propose that this may be related to the harsh climate conditions 

suppressing foliage growth and promoting lateral root growth. 
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Influence of organic matter application on the transfer of potentially harmful elements from soils to 

plant: an isotopic approach 

 

Bryan Arbalestrie, Adil Thami, Nathan Bemelmans and Yannick Agnan 

Earth and Life Institute, Université Catholique de Louvain 

 

bryan.arbalestrie@uclouvain.be 

 

Trace elements are chemical elements present in low concentrations in the environment, including: (1) essential elements 

for plants and/or animals (such as Cu, Mn, and Zn), which sometimes cause human deficiency (frequent for Mo and Se) 

and toxicity when concentrations are below or above certain thresholds, respectively; and (2) elements with no identified 

biological role, which only cause toxicity to human health above a specific threshold value (cases of As, Cd, and Pb). 

These elements in soils can be transferred to plant through different processes that depend on the element speciation, 

resulting in distinct bioavailabilities. Agricultural practices can influence the transfer of trace elements, constituting a 

potential lever on environmental and health issues. Indeed, exogenous organic matter constitutes a reactive surface that 

controls the retention and bioavailability of trace elements in soils. Quantifying its role is therefore essential for a better 

agricultural management. In this context, we aimed to evaluate the influence of organic matter application on the 

chemical transfer from soil to plant in uncontaminated and gradually contaminated agricultural soils considering various 

trace elements. To better track the fate of these trace elements, we considered stable isotopes (Cu, Zn, Pb and Fe) as 

geochemical tracers. For this purpose, organic matter application (manure, compost, and crop residues) was studied on 

maize growing on four Belgian agricultural soils with contrasting contamination levels and origins in a greenhouse 

experiment, including soil, soil solution, and plant samples. With a recovery of 98-99% for the element purification 

step, preliminary results showed: (1) different isotopic signatures of Cu, Zn, and Fe in soils that we attributed to the 

origin of these three elements (anthropogenic vs natural contamination); and (2) Cu and Zn isotopic fractionation from 

soil to soil solution to plant after manure application under agricultural application rate. 

 

 
 
 
 
 
 
 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
371



 

 

Special Session 19: 84260 

 

Mercury isotope fractionation in natural hydrological processes and environmental implication 

 

Ruolan Li¹ and Ping Li 

¹ Institute of Geochemistry, Chinese Academy of Sciences 

 

liruolan@mail.gyig.ac.cn 

 

Hydrological erosion and leaching process are the key steps in element biogeochemical cycle. Monitoring the changes 

of mercury (Hg) isotopes in runoff generated by rainwater erosion and leaching in the watershed is of great significance 

for understanding the migration and transformation of mercury in the hydrological process. Therefore, this study 

selected a small karst basin to monitor the isotope characteristics of particulate mercury (PHg) and dissolved mercury 

(DHg) in each runoff of the basin. Our results showed that the runoff induced during the process of slope erosion was 

rapid, and the particles were simply carried by convection through the slope base. The isotopic characteristics of PHg 

were basically consistent with the composition of the soil at the slope, and the δ202Hg value was slightly decreased. 

The DHg of the slope runoff induced by erosion was derived from dissolving of the particles by the rainwater. The 

results of binary Hg isotope mixing model were basically consistent with Hg concentration mixing calculation, which 

proved that the dissolution process does not change the Δ199Hg, so Δ199Hg can be used to trace this process. Compared 

to erosion process, the water has sufficient time to react with terrestrial materials during the leaching process, and the 

Δ199Hg of PHg remains constant. While the δ202Hg and Δ200Hg values of PHg were slightly lower than surface soil. 

The DHg showed a complete mixture of particulate matter and rainwater, which accounted for 63.25 ± 19.74% and 

36.75 ± 19.74%, respectively. Both underground and surface reservoirs in the basin can be explained by the mixture of 

slope runoff induced by erosion and leaching. Δ199Hg has been proved to be an accurate indicator for tracing the 

hydrological erosion and leaching process. 
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Trace mercury migration and human exposure in typical mercury-emission areas by compound-

specific stable isotope analysis 

 

Ping Li and Bo Wang 

Institute of Geochemistry, Chinese Academy of Sciences 

 

liping@mail.gyig.ac.cn 

 

Mercury (Hg) is a toxic metal, especially in the form of methylmercury (MeHg). Anthropogenic Hg emissions have 

increased significantly since the Industrial Revolution, resulting in severe health impacts to wildlife and humans. The 

consumptions of fish and rice were primary human MeHg exposure pathways in Asia. However, the life cycle from 

anthropogenic Hg emissions to human MeHg exposure is not fully understood. In this study, a recently developed 

approach, termed MeHg Compound-Specific Isotope Analysis (CSIA), was employed to analyze Hg isotopes for MeHg 

and inorganic Hg (IHg) in rice, fish and human hair in four typical Hg-emission areas in China. Slightly positive shifts 

of Δ199Hg (~0.2‰) were observed between rice MeHg and soil IHg, and comparable Δ199HgIHg values were observed 

between rice grain and raw/processed materials (coal, Hg ore, gold ore and sphalerite), indicating that CSIA can track 

the pollution sources of IHg and MeHg in rice. The Δ199HgIHg/Δ201HgIHg ratios in fish muscle (1.08±0.11) were 

higher than 1, suggesting that IHg in fish muscle was partially derived from in vivo demethylation of MeHg. Based on 

Δ199HgMeHg data, we estimated the relative contributions of rice consumption to human MeHg exposure to be 

84±14%, 58±26%, 52±20% and 34±15% on average in Hg mining area, gold mining area, zinc smelting area and coal-

fired power plant area, respectively, and positive shifts (1.65±0.36‰) of δ202HgMeHg from fish/rice to human hair 

occurred during human metabolic processes. Therefore, the CSIA approach can be an effective tool for tracking Hg 

biogeochemical cycle and human exposure, from which new scientific knowledge can be generated to support Hg 

pollution control policies and to protect human health. 
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Lithologic controls on the mobility of Cd in mining-impacted watersheds revealed by stable Cd 

isotopes 

 

Yuhui Liu, Yafei Xia, Chengshuai Liu and Ting Gao 

Institute of Geochemistry, Chinese Academy of Sciences 

 

liuyuhui@mail.gyig.ac.cn 

 

Cd-rich wastes from open-pit mining can be transported into rivers, which are often followed by deposition in river 

sediments and/or further transfer into agricultural soils. The lithology of bedrock exerts a huge effect on physicochemical 

properties (e.g., buffering capacities, metal species, mineral phases, etc.) of the river system, thereby potentially 

impacting the Cd mobility in watersheds. However, to date, little is known about the microscopic processes (e.g., 

dissolution, adsorption, and precipitation) controlling the migration of Cd from mines to varied watersheds. This study, 

therefore, aims to determine the controlling factors on Cd mobilization in two mining-impacted watersheds with 

contrasting bedrock lithology using both Cd and Pb isotopes. The Pb isotope ratios of sediments and soils in both 

watersheds fall into a binary mixing model with two isotopically distinct sources, i.e., mining wastes and bedrock. These 

results indicate that mining activities are the main sources of Cd in sediments and soils. However, the Cd isotope ratios 

reveal different Cd migration processes between the two watersheds. In the siliceous watershed, the δ114/110Cd values 

of sediments decrease from -0.116‰ in the upper reach to -0.712‰ in the lower reach, with a concomitant increase in 

Cd concentration, which may result from Cd adsorption by goethite due to the increased pH. Correspondingly, Cd 

bioavailability in the derived soils is high, driving a strong plant pump effect. In contrast, in the calcareous watershed, 

the Cd isotope compositions of sediments (-0.345 to -0.276‰) and the pH of river water are nearly invariable, suggesting 

that the adsorption and release of Cd in sediments are limited. This may result from the strong pH buffering effect due 

to the presence of carbonate rocks. Therefore, the plant pump in this area has little effect on the Cd redistribution due to 

the low Cd bioavailability. This study highlights the different fates of Cd in siliceous and calcareous watersheds and 

suggests that the development of Cd pollution control policies must consider regional lithology. 
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Lake sediment archive reveals a distinct response to anthropogenic Pb and Zn deposition with 

historical periods: Pb‒Zn isotope evidence 

 

Yafei Xia, Yuhui Liu and Chengshuai Liu 

Institute of Geochemistry, Chinese Academy of Sciences 

 

xiayafei@mail.gyig.ac.cn 

 

Over the last two centuries, the world has experienced substantial economic growth and industrialization. However, the 

impact of large-scale global development on nearby or remote inputs of heavy metals into environments remains unclear. 

In this study, the influx and isotope compositions of both Pb and Zn in a 210Pb-dated sediment core were examined to 

investigate changes in Pb and Zn deposition to the enclosed lake in China. Pb and Zn accumulations recorded in lake 

sediments vary across historical periods due to the evolution of global human activity linked to social development. 

Two phases of the most important global heavy metal emission flux were found. The first increase in the Pb flux from 

0.79 μg·cm-2·a-1 to 4.02 μg·cm-2·a-1 between 1850 and 1950, especially around the 1920s, could be attributed to 

deposition of atmospheric Pb long-range transported from other earlier industrialized regions due to the large use of 

leaded gasoline. The second transformative period was accompanied by a coupled increase in the fluxes of Pb (1.74‒

3.36 μg·cm-2·a-1) and Zn (8.07‒10.44 μg·cm-2·a-1) along with a decrease in δ66Zn values to as low as −0.097 ± 0.03‰, 

coinciding with the increased industrialization from the post-1980 period in China. A Bayesian-mixing isotope model, 

used to quantify the contribution of potential Pb and Zn inputs (i.e., basalt, coal, gasoline, and Pb‒Zn ore), showed clear 

evidence of gasoline atmosphere pollution peaking at 73.1% since the 1920s and enhanced industrial inputs due to 

China’s economic development since 1980. The accumulation of Pb and Zn in China's enclosed lake shows a clear 

response to increased atmospheric pollution from local and global industrial activities, which have had a wide-ranging 

impact on the ecosystem. This study enhances the understanding of the long-term evolutionary law of heavy metal 

pollution, highlighting the need to quantify and model the relative contribution of legacy metals versus newly deposited 

metals globally to clarify environmental debt. 
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Nickel isotope fractionation during intense weathering of basalt: Implications for Ni output from 

continental weathering 

 

Shengsheng Sun¹, Ming Ao¹, Tenghaobo Deng², Wenjun Yang¹, Ting Liu³, Jianming Zhu⁴, Rongliang Qiu³ and    

YeTao Tang¹ 

¹ School of Environmental Science and Engineering, Sun Yat-Sen University, ² Institute of Quality Standard and 

Monitoring Technology for Agro-products of Guangdong Academy of Agricultural Sciences, ³ College of Natural 

Resources and Environment, South China Agricultural University, ⁴ State Key Laboratory of Geological Processes and 

Mineral Resources, China University of Geosciences (Beijing) 

 

sssun@live.cn 

 

Ni isotopic composition from continental weathering is poorly constrained due to the limited research on Ni isotopes 

related to the weathering of mafic rocks such as basalt. To estimate Ni isotope fractionation factors and elucidate 

fractionation mechanisms during the weathering of mafic rocks, we measured Ni speciation and isotopic compositions 

in two weathering profiles (kaolinitic and lateritic) derived on basalts, and in groundwater samples. Nickel in the profiles 

was mainly hosted in the residual phase (>71% of total Ni), followed by the Fe-oxide phase (3–27%). Significant Ni 

depletion (~70%) and isotope fractionation (Δ60Niregolith-rock = −0.25 to 0.32‰) only existed in the lateritic 

weathering profile. The best-fit fractionation factor αsolid-solution was estimated to be 0.99972 (R2 = 0.53), which is 

consistent with the heavy δ60Ni values in groundwater (0.33 ± 0.04‰) and percolating water (0.06 ± 0.01‰). Ni 

isotopic compositions in the lateritic profile was mainly controlled by the variable adsorption and incorporation of light 

Ni isotopes in Fe-oxides. Moreover, in lateritic soil and ferricrete, the acidic pH (~5.0) reduced the Δ60Nisolution−solid 

value by releasing isotopically light Ni that was fixed in Fe-oxides. In addition, Ni migration with iron colloids in the 

profiles caused a limited isotope fractionation, whereas complexation with organic matter promoted the leaching of 

heavy Ni isotopes from upper profiles. The heaviest δ60Ni value (0.27 ± 0.05‰) and the greatest Ni enrichment (13%) 

were found in the saprolite, indicating that isotopically heavy Ni leached from the upper profile was massively 

incorporated into clay minerals. In water samples, the distribution of Ni in colloids indicates that precipitation of 

suspended particulates may be responsible for the heavier δ60Ni value in groundwater than in percolating water. The 

comparable δ60Ni values of Ni exported from basalt and serpentine lateritic weathering profiles suggest that Ni outputs 

from continental weathering may have a narrow range of Ni isotopic composition. 
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Identification of a cadmium (Cd) and zinc (Zn) isotope fractionation for a plant metallothioneins 

 

Fernando Antônio Gomes Brito¹, Alejandro Marquez Espinoza², Eva Freisinger², Géraldine Sarret³ and            

Mattthias Wiggenhauser¹ 

¹ Group of Plant Nutrition, ETH Zurich, ² Department of Chemistry, University of Zurich,                                              

³ ISTerre, CNRS, University Grenoble Alpes 

 

fgomes@ethz.ch 

 

Metallothioneins (MTs) are sulfur-rich proteins that bind to metal ions and are found in most organisms, including 

bacteria, animals, and plants. In plants, they may function separating trace metals and sequestering them in the cells of 

different organs such as roots and leaves. MTs are proposed to play a role in the homeostasis of Zn(II) and Cu(I) ions, 

as well as in the detoxification of heavy metals such as Cd(II). Based on theoretical calculations for small ligands, we 

expect MTs to preferably bind to light Cd and Zn isotopes. Hence, isotopes could be used to study the separation of Zn, 

an essential micronutrient for plants and humans, and Cd, a non-essential and toxic trace metal. To date, experimental 

work linking MTs to the isotope fractionation of Cd and Zn in different plant parts does not exist. We aim to determine 

this isotope fractionation for cicMT2 and whether the binding governs the overall isotope fractionation on a cellular 

level. To achieve this goal, cicMT2 was expressed in E.coli  cells attached to a GST-tag for purification, which was 

cleaved in a second step to obtain the native protein sequence. Metal-free (apo) cicMT2 were incubated with Cd(II) or 

Zn(II) ions using different molar ratios and equilibration times in order to analyze the isotopic fractions of metals bound 

to cicMT2. After separating the unbound metal ions using size exclusion chromatography, the protein samples will be 

measured for isotope ratios using a multi-collector ICPMS. At the conference, we will present our data from the isotope 

fractionation experiment on the Cd(II) and Zn(II) uptake experiments with recombinant E.coli cells to evaluate if 

cicMT2 influences the isotope composition of E.coli. Once the isotope fractionation factor has been defined on a 

molecular and cellular level, we can continue to explore how isotopes can be used to study whether MTs and other 

sulfur-rich molecules play an important role in separating Zn(II) from Cd(II) in plants. 
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The role of organic ligands on cadmium isotope fractionation in membrane interfaces 
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Paris Cité, CNRS, ⁴ College of Earth and Planetary Sciences, University of Chinese Academy of Sciences,                   

⁵ Group of Plant Nutrition, ETH Zurich 

 

yang.zhao@usys.ethz.ch 

 

Cadmium (Cd) is a non-essential and toxic trace metal that can be readily taken up by crops. Thus, it is crucial to 

understand the biogeochemical processes that control uptake and translocation in plants. Organic ligands play a key role 

for the mobility of trace metals in plants, especially in alkaline compartments where trace metals are almost fully bound 

to organic ligands. Here, we are currently testing the use of metal isotope process tracing to investigate the role of 

organics ligands in Cd uptake and translocation in plants. In a first study, we determined the Cd equilibrium isotope 

fractionation of various organic Cd complexes by density functional theory. Our results revealed that heavier Cd isotopes 

preferably bind to oxygen/nitrogen, while lighter Cd isotopes bind to sulfur donor atoms of organic ligands. Thus, the 

variation of Cd isotope compositions in plants could be related to the complexation of Cd with distinct organic ligands. 

However, in plant membrane interfaces, thermodynamic and kinetic effects may control isotope fractionation. To 

disentangle these distinct isotope fractionation steps in membrane interfaces, we are currently using Donnan Membrane 

(DM) and Polymer Inclusion Membrane (PIM) techniques. The DM technique is used to experimentally test the 

theoretical results that were obtained in the first part of the study. The PIM device is used to mimic carrier mediated 

membrane transport of plants. We expect that (i) light Cd isotopes are more readily transported through the membrane, 

and (ii) the transport rate of heavy Cd isotopes through membranes increases when organic ligands with sulfur donors 

complex light Cd isotopes. At the conference, we will show the results of theoretical work at equilibrium isotope 

fractionation, and first results of the experimental work in the membrane interfaces. We hope to advance the 

understanding of Cd uptake and transport processes in plants. 
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Sorption kinetics of cadmium isotopes in three New Zealand soils 

 

Dharshika Welikala¹, Amanda French², Adam Hartland³, Brett Robinson⁴ and Niklas Lehto¹ 
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niklas.lehto@lincoln.ac.nz 

 

Stable cadmium (Cd) isotopes can provide unique information about the sources, environmental mobility and fate of the 

metal in soils. However, detailed information about the sorption of individual Cd isotopes in soils is lacking. This adds 

uncertainty to the information that can be gained from comparing isotope ratios between environmental end members, 

such as soils and groundwaters, to gain insight into the mobility of the metal in soils. The aim of this work was to 

investigate the sorption behaviour of three Cd isotopes in three unique New Zealand soils. The sizes of the labile solid 

phase pools and desorption kinetics of Cd-108, Cd-112 and Cd-116 in spiked udand (DH), fluvent (LD), and aquept 

(KA) soils were measured using a 0.05 M calcium nitrate extraction and a combined diffusive gradients in thin-films 

(DGT)-numerical modelling method. The DGT-determined linear partitioning coefficient between dissolved and labile 

sorbed metal varied between 1.7 – 215 cm^3/g across the soils and isotopes analysed and increased among the soils in 

the order DH < LD < KA. The desorption rate constants of all three isotopes in the three soils ranged between 1.21E-6 

and 2.40E-5 1/s. The sizes of the 0.05 M calcium nitrate-labile pools were smaller than those measured by DGT, while 

differences between the pool sizes measured using the extraction were only significant between the DH soil and the 

other two. The sizes of the Cd-108 and Cd-116 isotope labile solid phase pools and desorption rate constants were 

generally smaller than those of the Cd-112 isotope in all soils. While the sorption behaviour of Cd isotopes varied 

between these soils, the differences between isotopes remained relatively constant. The results of this work suggest that 

differences in solid-solution phase interactions between Cd isotopes is unlikely to confound analyses of Cd mobility 

using stable isotope ratios. 
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Using a combined stable isotope – Speciation approach to understand the impact of long-term 

spreading of organic effluents on agricultural soils 

 

Abraham Pappoe¹, Emmanuel Doelsch² and Zuzana Fekiacova³ 

¹ CIRAD / INRAE ² CIRAD - Montpellier, Cedex 5, ³ INRAE, Aix-Marseille University 

 

pappoe@cerege.fr 

 

Recycling of organic waste (OW) as fertilizers on farmlands is a common practice as it provides a cost effective and 

sustainable way of managing OW. However, it represents a major source of contaminants such as copper (Cu) and zinc 

(Zn) that may pose potentially negative environmental impacts. To limit the environmental impact of OW spreading on 

farmlands, agronomical doses are calculated based on the nitrogen, phosphorus and potassium requirements of crops. 

Consequently, lower quantities of Cu and Zn are introduced in soil following OW application. However, the long-term 

impacts of OW spreading at the set agronomical doses on the accumulation and fate of Cu and Zn in soils are scant. 

This study was designed to fill this gap by using a combination of Cu and Zn speciation characterization and isotopic 

compositions in OW and soils. We studied four soils with contrasting physicochemical properties (luvisols, nitisols, 

calcisols and arenosols) and the OW (raw and anaerobically digested pig slurry, household compost) used in four long-

term field experiments. We observed, in agreement with published literature, that in OW, Cu and Zn speciation is 

affected by the OW treatment (anaerobic digestion and composting) and by the physicochemical conditions during 

storage. In the studied OW samples, Cu and Zn occurred mainly or entirely as sulfides in raw and anaerobically digested 

pig slurries whereas only oxidized species were present in composted household wastes (Zn-phosphate, Cu bound to 

organic matter). The first results from two field experiments show little or no change in Cu and Zn speciation between 

control and amended soil after OW application at agronomical doses. This raises several questions: (1) why no change 

in speciation is observed in soil after OW application despite mass balance calculations indicating Cu and Zn additions, 

(2) which mineral phases contribute to exogenous Cu and Zn immobilization? Thus, the interest in analyzing the isotopic 

signatures with the aim to understand the pathways of exogenous Cu and Zn originating from OW. 

 

 
 
 
 
 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
380



 

 

Special Session 19: 85154 
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Wheat is a widespread staple crop and because it contains significant concentrations of iron (Fe) and zinc (Zn) (20-35 

mg/kg), it serves as an important source of these minerals for the human body. However, due to their chelation with 

phytic acid, only 5-10% of Fe and Zn is bio-accessible. To increase mineral bio-accessibility, one can apply (i) sprouting, 

which results in activation and de novo synthesis of phytases, and/or (ii) hydrothermal (HT) processing under conditions 

allowing optimal phytase action. Both such post-harvest processes can be adopted before processing wheat grains into 

food products such as breakfast cereals. Sprouting (120 h, 26 °C) and HT processing (16 h, 60 °C, pH 4.0) of wheat 

reduced phytate content by 42% and 64%, respectively. The bio-accessibility of sprouted wheat increased from 7% to 

up to 25% (Fe) and from 6% to up to 23% (Zn) based on an in vitro digestion protocol. However, no significant increase 

in Fe and Zn bio-accessibility was found in HT processed wheat compared to regular wheat, despite the major phytate 

content reduction in the former. Thus, other factors, besides chelation with phytic acid, impact mineral bio-accessibility 

in wheat. Subsequently, we combined the in vitro digestion protocol with human colon carcinoma cells (i.e. Caco-2 

cells), thereby using 70Zn and 57Fe stable isotopes to trace the uptake. Preliminary results showed significant uptake 

of Fe and Zn in Caco-2 cells treated with an in vitro digest of sprouted wheat while the uptake of Fe and Zn was less 

pronounced in such cells treated with an in vitro digest of HT processed wheat. As multiple other factors in the human 

body influence absorption, in vivo study protocols, based on extrinsic labeling with stable isotopes of Fe and Zn, to 

evaluate mineral bio-availability in sprouted and HT processed wheat will be presented. 

 
 

 

 

 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
381



 

 

Special Session 19: 85301 

 

Facet-dependent Cd isotope fractionation of lepidocrocite: Implications for interfacial mechanism 

study 
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The facet-dependent adsorption behaviors of Cd on iron (hydr)oxides have attracted extensive attention, since it is 

related to the migration and bioavailability of Cd. Meanwhile, the adsorption of Cd on different minerals can lead to Cd 

isotope fractionation. However, there is still a lack of understanding the Cd isotope fractionation during interaction with 

iron (hydr)oxides exposed to different crystallographic planes, which may respond to diverse local molecular structure 

of Cd, revealing the correlation of Cd isotope fractionation and Cd adsorption species. Herein, effects of reaction time, 

ionic strength, pH, sulfate and initial Cd concentration on Cd isotope fractionation caused by adsorption onto 

lepidocrocite with different crystal surfaces have been systematically studied. The results demonstrated that lighter Cd 

isotopes preferred to adsorb on lepidocrocite, and Cd isotope fractionation magnitude (Δ114/110Cdsoild-solution) for 

rod-like lepidocrocite (R-LEP) was higher than that of plate-like lepidocrocite (P-LEP). Moreover, the presence of 

sulfate caused the opposite direction of Cd isotope fractionation on R-LEP and P-LEP. Based on the results of density 

functional theory (DFT) calculations, these were corresponding to the fact that the shorter Cd-Fe bond length was 

observed on {001} rather than {010} crystal plane, and sulfate giving raise to the opposite change of Cd-Fe bond length 

on {001} and {010} crystal plane, which was the dominant crystal plane of R-LEP and P-LEP, respectively. In addition, 

the kinetic fractionation was both observed on Cd adsorption onto R-LEP and P-LEP, while the effect of ionic strength 

on R-LEP was significantly higher than P-LEP, indicating the predomination of outer-sphere complexes of Cd in R-

LEP compared to P-LEP. These findings reveal that the effects of environmental factors on Cd isotopes fractionation of 

lepidocrocite were facet dependent, which was likely to be influenced by the secondary shell bonding environment, 

providing a new perspective for probing interfacial mechanism between Cd and minerals as well as Cd migration and 

stability. 
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Regular Session 1: 84040 

 

Assessment of seed micronutrient content and biostimulants’ effect on growth, yield, and nutrient 
content of faba bean (Vicia faba L.) in Ethiopia 

 

Frehiwot Sileshi¹, Amsalu Nebiyu², Maarten Van Geel³, Samuel Vanden Abeele⁴, Luc Duchateau¹, Gijs Du Laing¹ and 

Pascal Boeckx¹ 

¹ Ghent University, ² Jimma University, ³ KU Leuven, ⁴ Cornell University 

 

frehiwotsileshi19@gmail.com 

 

Globally, iron (Fe), zinc (Zn) and selenium (Se) deficiencies are important nutritional problems, affecting many people, 

especially women and children in developing countries. Therefore, consecutive studies were carried out to determine 

the spatial variability of seed Fe, Zn, and Se content in faba bean in three important faba bean-growing agro-ecologies 

in central and southwestern Ethiopia. In a second study, the effectiveness of plant biostimulants in enhancing growth, 

yield, and seed nutrient content of faba bean varieties on Nitisol and Vertisol was investigated. For the latter study, a 

field experiment evaluating single and/or combined applications of Bacillus subtilis, Pseudomonas fluorescens, 

Rhizobium leguminosarum, moringa leaf extract (MLE), and control (no biostimulant) in a randomized complete block 

design (RCBD) was conducted. Results from the first study revealed that seed Fe, Zn, and Se content varied from 31.1–

102 mg kg-1, 21.6–73.6 mg kg-1, and 10.1–167 µg kg-1 across the studied agro-ecologies, respectively, and Zn and Se 

content were significantly affected by agro-ecological differences. Moreover, biostimulant treatments did not 

significantly improve the growth, yield, and seed nutrient content of faba bean varieties on both soils. Some of the 

response parameters differed significantly (P < 0.05) between faba bean varieties in both soils. Compared to Nitisol, 

Vertisol produced seeds with almost tenfold higher levels of Se. Moreover, the correlation analysis indicated that seed 

Se content exhibited a strong positive relationship with P content. Overall, the present studies suggested that 

agroecology-specific crop management approaches are needed, especially to obtain enhanced Zn and Se seed content, 

whereas additional determining factors need to be considered to improve Fe content. In addition, further examination of 

biostimulants under field conditions is required to uncover their realistic efficacy for the biofertilization of bean crops. 

 
 
Keywords: Faba bean, Seed micronutrient content, Agro-ecological zones, Plant biostimulants 
 
 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 384

mailto:frehiwotsileshi19@gmail.com


 

 

Regular Session 1: 84717 

 

A comprehensive unveiling of airborne trace elements pollution and its health impacts by coupling 

with multi-scale emission inventory, GEOS-Chem modelling, and health risks assessment 

 

Hezhong Tian, Xiaoxuan Bai, Shuhan Liu, Yifei Xiao and Zhiqiang Fu 

Beijing Normal University 

 

hztian@bnu.edu.cn 

 

Airborne trace elements (TEs) pose a considerable threat to human health due to their accumulation, toxicity and 

carcinogenicity, whereas their spatiotemporal characteristics of exposures and the associated health risks still remain 

unclear and merit deep investigation. Here, we present a comprehensive assessment of spatiotemporal exposure to TEs 

by establishing an integrated multi-scale (global-scale, region/country-scale, and city clusters-scale) emission inventory, 

and coupling with GEOS-Chem modelling which capable of TEs simulation and validation with observations. 

Furthermore, the associated human health risks of multiple TEs exposure on different scales are evaluated by using a 

set of risk assessment models. Our results show that there are notably heterogeneous characteristics on the spatial and 

temporal emission and pollution of various TEs among continents, regions/countries, city clusters, as well as different 

source categories in a specific region/country. Notably, China’s situation have been gradually alleviated since the 

enforced implementations of Clean Air Action Plan (2013-2017) and Blue Sky Defense Plan (2018-2020). Moreover, 

several source categories like fossil fuels combustion (mainly from coal burning) and metals smelting contributed the 

majority of anthropogenic TEs emissions on varied scales. We show that total anthropogenic emissions of 11 trace 

elements in China had decreased from 72,543 tons to 46,558 tons from 2010 to 2019 with a decrease of 35.8%, causing 

the carcinogenic and non-carcinogenic risks of trace elements in the atmosphere reduced significantly from 2010 to 

2019, and the maximum gridded CR value of 7 carcinogenic elements decreased by 52.2%. We believe that the results 

presented in this work would significantly benefit for the better understandings of the spatiotemporal pollution 

characteristics of airborne TEs and formulating relevant mitigation policies on different scales so that better protect 

human health. 

 

Acknowledgment: This work is funded by the National Natural Science Foundation of China (22176014). 
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Regular Session 1: 84949 

 

Environmental risk associated with the penetration of Potentially Toxic Elements (PTEs) from grate 

ashes formed by waste incineration or co-incineration in domestic furnaces 

 

Alicja Kicińska and Grzegorz Caba 

AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Kraków, 

Poland 

 

kicinska@agh.edu.pl 

 

In light of the energy security risk recently faced by some European countries, the subject of burning alternative fuels 

and municipal waste in domestic furnaces has gained particular importance. Especially when considered in the context 

of the environment and the potential uncontrolled introduction of substances containing substantial amounts of PTEs 

(Cd, Cr, Hg, Pb and Zn) into environmental elements. Based on the study material consisting in ashes generated from 

combusting selected groups of fuels: traditional (coal), alternative (coal pellets) and municipal waste (packaging, waste 

paper, used furniture, plastic-coated paper cartons etc.) in a domestic furnace, we conducted water leaching tests (solid 

phase-solution 1:10) to determine the environmental risk related to introducing PTEs into the aquatic and soil 

environment. The pH of the water solutions analyzed ranged from 6.41 (in the case of soot collected from furnace flues) 

to 13.07 (in the case of ashes formed from combusting acacia or oak wood). The number of PTE cations dissolved in 

the water solutions (determined with ICP-MS) was as follows (data in mg/L): below detection limit (b.d.l.)–0.064, b.d.l.–

3.965, 0.005–0.008, b.d.l.–0.540 and 0.001–2.319. Having compared the measured pH values and PTE content (i.e. Cd, 

Cr, Hg, Pb and Zn) in the water solutions with the limits set out in the Polish law (Regulation, 2019), namely 6.5–9.0 

for pH and 0.2, 0.5, 0.05, 0.1 and 2.0 mg/L for PTEs, we concluded that the highest environmental risk is related to: 1) 

overly high pH of residues formed from combusting the study material (especially wood and mixed waste pH>12) and 

2) generation of Cr (in the case of combusting mixed municipal waste, oil bottles and leather fragments), Pb and Zn (in 

the case of improper storage of soot formed during combustion processes). The analyses conducted clearly show that 

the most environmentally harmful material combusted in domestic furnaces is mixed municipal waste and residue in the 

form of soot, which should be collected and stored as hazardous waste. 
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Regular Session 1: 85119 

 

Bioaccessibility of potentially toxic elements and health risk assessment from urban parks soil samples 

from Central Banat District in Serbia 

 

Dubravka Relić¹, Tijana Milićević², Jelena Cerović³, Igor Kodranov¹, Július Árvay⁴ 

¹ University of Belgrade - Faculty of Chemistry, ² University of Belgrade - Institute of Physics Belgrade, National 

Institute of the Republic of Serbia, ³ Sunoko d.o.o., ⁴ Faculty of Biotechnology and Food Sciences, Slovak University 

of Agriculture in Nitra 

 

dradman@chem.bg.ac.rs 

 

Children spend the majority of their time in parks and playgrounds in urban areas, yet the health risk posed by the urban 

pollutants that probably end up in these areas is significant and generally neglected. When young children play on the 

playground, they may ingest more potentially toxic elements (PTE) and other contaminants from the soil due to hand-

to-mouth activity, especially since children's hands are frequently wet, and the adhesion of dirt particles increases and 

raises the amount of particles swallowed. There are numerous of in vitro oral bioaccessibility methodologies, some of 

them, like the Simple Bioaccessibility Extraction Test (SBET), merely replicate the gastric microenvironment. 

Considering only some of the solubilized element ions in stomach solutions are absorbed, this approach can only yield 

"conservative" estimation. Physiologically Based Extraction Tests such as Unified BARGE Method (UBM), a 

biomimicry mouth-gastric-intestinal approach, simulates the entire digestive system. In addition to utilizing the SBET 

and UBM extraction methods to assess the bioaccessibility fraction of PTE, soil samples from parks were microwave 

digested to determine the pseudo total concentration of elements, which is typically taken into account for health risk 

assessment. However, not all of the pseudo total fraction of PTE from soils is available for absorption in the body; the 

bioaccessibility fractions are more specifically for that. Sulfur was complexed with glycine and only extracted 

employing the SBET in vitro approach, while Mo was only present in the gastrointestinal fraction of UBM in addition 

to their pseudo-total content. The significant concentrations of As, Cd, Cr, Pb, Cu, V, and Zn were obtained under gastro 

in vitro extraction conditions (UBM) in examined soil samples, there are worries about the likelihood of adverse health 

effects on the children body when these PTE are extracted in the stomach and made available to the systemic circulation. 
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Regular Session 1: 90951 

 

The effect of microplastic on metalloestrogens bioavailability in soil 

 

Agnieszka Medyńska-Juraszek¹ and Bhakti Jadhav 

¹ Wrocław University of Environmental and Life Sciences 

 

agnieszka.medynska-juraszek@upwr.edu.pl 

 

Microplastics (MP) are considered as carriers of pollutants in the environment. A high concern group of trace 

contaminants having high affinity to be adsorbed on MP surface are metalloestrogens (MEs), which can affect human 

endocrine systems. The direct and indirect changes of MEs mobility and bioavailability in soil under the presence of 

microplastic contamination are not well recognized. In the study an incubation experiment was conducted to indicate 

possible changes of MEs potential mobility and bioavailability under presence of commonly found in soil microplastic 

particles. In collected soil samples the bioavailable forms of Pb, Cd, Cr, Co, Ni, As, Al, Cu in the presence of MP 

contamination were extracted with 0.01 M EDTA and 0.05 M CaCl2 and analysed on inductively coupled plasma (ICP-

AES). Results of the study showed that the presence of MP can modify bioavailability of MEs in soil. However different 

size MP particles and depending on polymer type the effect can be different. Also, different MEs depending on the 

affinity to MP surface will behave differently. For example, the amount of Cd, Co, Cu and Cr extracted with 0.01 M 

EDTA increased under presence of bigger than 1mm MP particles (mainly PC, PS, PEs, LDPE and HDPE), while 

smaller MPs, like ≤ 1mm PE increased the amounts of As, Pb and Ni. In all tested variants decrease of 0.01M EDTA 

extractable Al was observed. Extraction with 0.05M CaCl2 was more sensitive method, allowing the detect even small 

changes of MEs bioavailability in the presence of different MP types. Results of this preliminary study showed that 

microplastic presence in soil may have direct or indirect impact on the amounts of PTEs extracted change the conditions 

regulating potentially toxic elements sorption/desorption process increasing the environmental risk related to co-

existence of microplastic and other pollutants in soil. 
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Regular Session 2: 84037 

 

Evaluation of a portable X-ray Fluorescence device for a sustainable mineral nutrition in dairy herds 

 

Rahma Balegi, Florent Penen and Stéphane Durosoy 

ANIMINE 

 

rbalegi@animine.eu 

 

Imprecise supplementation of macro and micro-elements in dairy herds induces nutritional imbalances, economic losses, 

and environmental impacts. The mineral content of ruminant’s basal diet is variable and not analysed in routine due to 

the high cost of traditional analytical methods performed in laboratories. Proposing an innovative handheld analytical 

tool for cheap and immediate mineral analysis at the farm, will give the opportunity to perform a precise mineral 

supplementation. The objective of this work was to validate the analysis of 11 selected elements in 89 forages with a 

portable device based on X-Ray Fluorescence (XRF) technique in comparison to wet chemistry method. Twenty samples 

of grass, 21 of hay, 11 of haylage, 21 of maize silage and 16 samples of grass silage were collected all over Auvergne-

Rhônes-Alpes area in France, then dried and ground. Forage mineral content was directly determined by XRF, in 

parallel, the corresponding samples were analysed by ICP-AES. The relationship between XRF and ICP-AES methods 

was given by the coefficient of determination (R²) resulting from the linear correlation established between XRF and 

ICP-AES results. Mean absolute error (MAE) between ICP and XRF was also calculated. Globally, the correlation 

between portable XRF and ICP-AES methods was dependent on the chemical element. Magnesium (Mg)and sodium 

(Na), due to XRF physical limits, were poorly (R²=0.02 for Mg) or not at all detected (Na). Copper, iron and sulphur 

contents were quantified by the portable XRF, R² were respectively 0.70, 0.78 and 0.94 and MAE were respectively 

13%, 24% and 8%. Because of its very low concentration, ranging between 0.4 and 3.7 mg/kg DM, molybdenum (Mo) 

was a challenge for the portable XRF analysis (R²=0.49, MAE=61%). For the other minerals, R² ranged between 0.89 

and 0.96 and MAE between 6 and 18%. As a conclusion, portable XRF analysis revealed globally promising results to 

quantify mineral content in forage, however further analytical development is needed for Mo. 
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Regular Session 2: 84478 

 

Thermally induced release of arsenic from minerals/phases relevant to wildfires in polluted areas 

 

Marek Tuhý¹, Jan Rohovec², Kateřina Stonová¹, Vojtěch Ettler¹, Šárka Matoušková² and Petr Drahota¹ 

¹ Faculty of Science, Charles University, ² Academy of Sciences of the Czech Republic 

 

marek.tuhy@natur.cuni.cz 

 

Due to the increasing frequency and intensity of wildfires in last decades, such disturbances may also occur in the 

environments polluted by mining and ore processing. In these areas, metal(loid)s can be remobilized into the atmosphere 

and the surrounding environment. Previous research has shown that the thermo-desorption of an element depends on 

many factors, namely the temperature reached and the element solid-phase speciation. We studied the temperature-

dependent release of arsenic (As) from samples representative for natural and contaminated environments: conichalcite 

[CaCu(AsO4)(OH)], mimetite [Pb5(AsO4)3Cl], scorodite [FeAsO4·2H2O], orpiment [As2S3], realgar [As4S4], 

synthetic analogues of minerals with adsorbed As: goethite [FeO(OH)], ferrihydrite [Fe10O14(OH)2]; cacodylic acid 

[(CH3)2AsO2H] and arsenic-rich mushroom as an analogue of organoarsenic compounds. The homogenized samples 

were heated in a resistance furnace in the temperature range of 25-800 °C. The released elements were transported from 

the furnace in a continuous flow of argon connected to ICP-OES, allowing their online measurements. The interpretation 

of released As was combined with DTA and TG analysis to detect sample transformations as a function of temperature. 

The results show that the peaks of As release occurred at the following temperatures: mimetite >650 °C; conichalcite 

550 °C and 700 °C; scorodite 700 °C; realgar and orpiment 420 °C; enargite 625 °C; ferrihydrite 725 °C; goethite 725 

°C; cacodylic acid 350 °C; As-rich mushroom >300 °C. The knowledge of the release temperature of As from the 

reference phases/minerals is useful for the interpretations of the wildfire effects on the remobilization of As from soils 

and biomass, where As solid speciation is very complex. 
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Regular Session 2: 84886 

 

What’s inside a single cell - Development of a single cell-ICP-MS method to determine mercury 

bioavailability in human trophoblast cells 

 

Vivien Michaelis¹, Helena Friedrich², Alexander Köhrer², Matthias Elinkmann², Uwe Karst² and Julia Bornhorst¹ 

¹ University of Wuppertal, Faculty of Mathematics and Natural Sciences, Food Chemistry, ² University of Münster, 

Institute of Inorganic and Analytical Chemistry 

 

bornhorst@uni-wuppertal.de 

 

Mercury (Hg) is a persistent pollutant occurring in the environment. It appears in different elemental forms and oxidation 

states such as elemental and inorganic Hg as well as organometallic forms with methyl Hg (MeHg+) as the most 

prominent example. MeHg+ can accumulate in the aquatic food chain and especially in predatory fish. Therefore, 

nutritive human exposure to Hg is a present matter of concern. Especially vulnerable populations like pregnant women 

and the developing fetus are at increased risk since studies could already show, that MeHg+ can cross placental tissues 

potentially leading to impaired neurodevelopment and cognitive defects later in life. While most studies are considering 

a bulk metal analysis to investigate the cellular bioavailability of metals, the application of single cell-inductively 

coupled plasma mass spectrometry (sc-ICP-MS) has become an emerging technique also taking the heterogeneity of a 

cell population into account. However, the requirements of the sample introduction system are challenging due to 

mandatory prerequisites like avoidance of cell rupture, and efficient cell separation.  

Therefore, we developed a method to determine species-dependent bioavailability of Hg in the trophoblast cell line 

BeWo b30, with trophoblasts as part of the placenta and key regulators involved in metal transport to the fetus. In this 

study, Hg bioavailability was determined in a sc-ICP-MS approach after treatment with sub-toxic and toxic 

concentrations of inorganic and organic Hg compounds (MeHg+ and EtHg), which was validated with conventional bulk 

Hg ICP-MS analysis. We could observe species , time-, and concentration dependent Hg bioavailability in BeWo b30 

cells, which were confirmed by bulk ICP-MS analysis. This makes sc-ICP-MS a useful tool for the determination of Hg 

in BeWo b30 cells on single cell level. 
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Regular Session 2: 85271 

 

New DGT-based method to identify the role of colloids on trace metal mobility in soil 

 

Jasnalien Ceulemans¹, Claudia Moens² and Erik Edward Smolders¹ 

¹ KU Leuven, ² KULeuven 

 

jasnalien.ceulemans@kuleuven.be 

 

The role of mobile colloids on trace metal mobility in soil and their availability to plants remains unclear because colloid 

sampling is biased in many ways. Current methods for colloid sampling disrupt the soil structure, thereby overestimating 

the accessible reactive soil surface, and/or extraction methods change the in situ environment. The DGT technique is a 

method that allows in situ sampling of solutes without soil structure disturbance. In imaging DGT, the DGT binding gel 

is analysed with a spatially resolved method, like laser-ablation ICP-MS, whereby a high-spatial resolution map of the 

solute distribution is obtained. This technique has the potential to also sample colloids in situ, but DGT binding gels 

need to be optimized first to act as zero-sinks for colloids and diffusive fluxes of colloids need to be examined. 

Colloids in soil solutions can bind trace metals and are main vectors for metals like Pb and U. The main reactive colloids 

are humic substances and mineral Fe&Al oxyhydroxides coated with humic substances. Here, we aim to trap these via 

their carboxylate or phenolate functional groups on metal oxides in the DGT binding layer. New binding layers will use 

oxides of hard polyvalent transition metals (Zr, Ti and Nb) present in small particle sizes because colloids are expected 

to bind more selectively on small particles than competing oxyanions. New hybrid hydrogels will also be made by 

mixing the non-ionic adsorbent for humic substances polyvinylpyrrolidone into standard polyacrylamide gels to increase 

binding of humic substances. 

New binding gels will be compared based on their selectivity and capacity, and validated with test solutions of colloids 

with known properties. Furthermore, the diffusive fluxes of colloids in gels will be determined in a diaphragm diffusion 

cell. At the conference, in-depth characterization of newly prepared binding gels for colloids and their performance will 

be presented. 
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Regular Session 2: 97399 

 

Analysis of microplastics as emerging contaminants using ICP-MS 

 

Tomoko Vincent, Daniel Kutscher and Jörg Reipke 

Thermo Fisher Scientific 

 

daniel.kutscher@thermofisher.com 

 

Microplastics are small and discrete solid residues of common polymers, either intentionally created or formed by 

gradual decomposition over time. They have been recognized as an emerging contaminant globally. There is a variety 

of analytical techniques to analyze microplastics, amongst them RAMAN spectroscopy and pyrolysis gas 

chromatography-mass spectrometry (py-GC-MS).  

Inductively coupled plasma mass spectrometry (ICP-MS) has been used for the analysis of nanoparticles, allowing the 

investigation of a reasonably high number of particles in a short time, and providing an overview on the average size 

and number composition of a sample. Since there are almost no trace metals intrinsically present in microplastics, direct 

ICP-MS analysis was for long not considered feasible, and analysis of carbon by ICP-MS is considered difficult due to 

the low ionization yield for this element. In addition, the elevated backgrounds due to the ubiquitous presence of carbon 

as CO2 in the surrounding air, and dissolved in all aqueous solutions prepared for analysis, negatively affect its 

detectability. However, for particles of larger size, such as microplastics, the use of ICP-MS operated in time-resolved 

mode for carbon measurement presents a promising alternative for studying the rate of plastic degradation in 

environment pollution. 

This presentation demonstrates how the single quadrupole ICP-MS can be used to detect the carbon in microplastics in 

standard solutions, as well as in a drinking water sample fortified with microplastic material. 
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Regular Session 2: 99509 

 

Non-destructive trace element analysis using portable energy-dispersive monochromatic x-ray 

fluorescence and its applications in agriculture products 

 

Zewu Chen 

Zspec 

 

zchen@zspecinc.com 

 

X-ray fluorescence (XRF) is known for non-destructive elemental analysis and has been widely used in mining, 

petroleum, and other industrial applications for major and minor elemental concentrations. However, due to XRF’s 

sensitivity limitations, applications in trace-elemental analysis are limited. The detection limits of high-power XRF 

systems are in sub-ppm to ppm ranges and low-power portable XRF systems are at best in the low ppm ranges.  

It is well known that monochromatic excitation XRF can significantly improve signal-to-background ratios by the 

elimination of sample scattering of the bremsstrahlung from an x-ray tube. Chen and Wittry first demonstrated the 

practicality of energy-dispersive monochromatic XRF (EDMXRF) analysis using focusing doubly curved crystal optics 

in 1998. A monochromatic wavelength dispersive XRF system, later developed by Chen and Gibson, was successfully 

commercialized for ultra-low sulfur measurement in petroleum products. However, the full advantage of EDMXRF has 

been restricted due to detector-related background. 

This restriction has been lifted by recently commercialized portable EDMXRF systems using improved silicon-drifted 

detectors and algorithms. Emax, using 35 keV excitation, was developed for heavy-metal analysis in food and 

agricultural soil. Unprecedented detection limits of 30ppb Cd in food matrixes have been achieved, with a focus on 

quantifying Cd levels in cocoa and chocolate. Outstanding correlations between EDMXRF and ICP-MS for Cd analysis 

in cocoa bean, cocoa powder, and agriculture soil have been demonstrated in the past 6 months; delivering results in the 

field in minutes and without the need for sample digestion. An analogous portable EDMXRF system using 17.5 keV 

excitation has been developed, achieving unprecedented low detection limits for As, Pb, Se, Zn, Cu, and micronutrient 

elements in plants and food matrixes. For example detection limits of 10ppb have been achieved for Se. This paper will 

discuss data from this game-changing EDMXRF method for field and lab trace-element analysis. 
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Regular Session 3: 83078 

 

Investigating ingestion risks from soils and vegetables grown in urban lead-contaminated soil, and 

mitigation by soil amendments 

 

Jennifer Newell, Siobhan Cox and Rory Doherty 

Queen's University Belfast 

 

jnewell07@qub.ac.uk 

 

Community gardens and allotments are being trialled as a nature-based solution to mitigate multiple health and social, 

economic, and environmental/climate issues in Belfast. However, working in close proximity to urban lead-

contaminated soils and ingestion of site-grown produce may pose significant health risks to community members unless 

remediating action is undertaken. Current research indicates that organic soil amendments adsorb common urban metal 

contaminants, particularly lead, and thus may limit plant/crop uptake and consequent human health risks after ingestion. 

This research seeks to investigate health risks associated with ingesting soils and vegetables grown in lead-contaminated 

and biochar-remediated soils in Lower Botanic Gardens, Belfast, using controlled pot experiments and concurrent field 

plots. Pots and plots will comprise combinations of high and low lead concentrations in soil, high and low lead 

concentrations in soil amended with 5%w/w biochar, and seeded with leaf (lettuce), bulb (garlic), and root (carrot) 

vegetables. Following a standard growth period, the pre- and post-growth soils, and vegetables will be tested using the 

Unified BARGE Method in vitro bioaccessibility methodology to determine the bioaccessible fraction for lead derived 

from soils and vegetables with and without biochar remediation. This will then give an indication of ingestion risk 

associated with biochar-amended and non-amended lead-contaminated soils, and different soil-grown vegetables. It is 

anticipated that there may be a mild-moderate risk of lead absorption in the gut after ingestion of non-amended 

contaminated soils; followed by a reduced risk posed by ingestion of site-grown vegetables with a risk hierarchy of 

carrot > garlic > lettuce; and a further reduced risk from produce grown in biochar-amended soils. These results would 

support the use of soil amendments to improve the scope of greening nature-based solutions on typically unfeasible 

contaminated sites, with the ultimate goal of enhancing health and social, economic, and environmental/climate 

conditions in urban areas. 
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Regular Session 3: 83292 

 

Iron biofortification of spinach by means of foliar fertilization 

 

Diemo Daum 

Osnabrück University of Applied Sciences 

 

d.daum@hs-osnabrueck.de 

 

Iron deficiency is a widespread health problem worldwide, affecting women in particular. The bioavailability of iron in 

plant-based foods is generally lower than in animal-based foods containing heme iron. However, the utilization of non-

heme iron in the human organism can be improved by the presence of vitamin C. Therefore, an ongoing research project 

aims to develop an approach for iron biofortification of spinach, a vitamin C-rich leafy vegetable. First field trials were 

conducted in northern Germany, where spinach was treated with different forms of iron (iron chelates and ferrous 

sulfate) and fertilization rates (0.05 - 0.45 kg Fe/ha). The application was conducted by foliar sprays with a water 

application rate of 500 L/ha and with the addition of a wetting agent (BREAK-THRU® S 301). Native iron content in 

spinach leaves varied between 0.7 - 1.9 mg/100 g FM depending on the site (soil pH 5.1 and 6.2, respectively) and 

cultivar. Within a cultivation site, the iron content of the 12 spinach varieties examined varied by a factor of 2.1. In 

preliminary application tests with different forms of iron fertilizer, Fe-HEDTA proved to be the least tolerated by the 

plants. Here, even a single treatment with 0.05 kg Fe/ha resulted in leaf necrosis. When Fe-IDHA and ferrous sulfate 

were applied, no leaf damage occurred with application rates up to 0.3 kg Fe/ha. Foliar sprays of Fe-EDDHA did not 

cause damage to leaves even when treated twice each with 0.45 kg Fe/ha. Following field trials indicate that the 

occurrence of leaf damage after iron foliar sprays under summer conditions is significantly affected by the time of day. 

Treatments in the later evening hours were best tolerated by the plants. A single foliar fertilization with 0.3 kg Fe/ha ten 

days before harvest approximately doubled the iron content in spinach leaves. The results indicate that spinach can be 

biofortified with iron by foliar fertilization, but appropriate application timing is crucial to avoid plant damage. 
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Regular Session 3: 84504 

 

Changes in concentrations and bioaccessibility of zinc and selenium in flour and bread made from 

agronomically biofortified wheat 

 

Hind Belarbi¹, Fassil Kebede², Ismail Cakmak³ and Gijs Du Laing⁴ 

¹ Ghent University (UGent) & Mohammed VI Polytechnic University (UM6P), ² Mohammed VI Polytechnic 

University (UM6P), ³ Sabanci University, ⁴ Ghent University (UGent) 

 

belarbi.hind@ugent.be 
 

The importance of zinc (Zn) and selenium (Se) for human health, and their widespread deficiency, indicate the high 

significance of producing food crops with elevated quantities of these nutrients. Micronutrients may be supplied to the 

crops individually or in their combination (as a micronutrient cocktail). Moreover, their concentrations and 

bioaccessibility, i.e. their release from the food product in the gastrointestinal tract during digestion, may be affected 

during food processing. In this study, we aimed to study i) changes in concentrations of Zn and Se in wheat grains as 

affected by the application of foliar micronutrient fertilizer solutions; ii) measure the stability of the biofortified 

micronutrients in different extracted flour samples and baked bread; iii) assess the bioaccessibility of Zn and Se.  When 

individually applied, the Zn concentrations were similar in grain, whole wheat flour, and whole wheat bread, ranging 

between 60 and 67 mg/kg DW, and the Se concentrations were higher in whole wheat bread (566 µg/kg DW) compared 

to grain (445 µg/kg DW) and flour (488 µg/kg DW). The concentrations in white flour and bread were significantly 

lower than their corresponding whole wheat flour and bread, varying, respectively, between 12 and 15 mg/kg DW for 

Zn, and 367 and 413 µg/kg DW for Se. The individual and cocktail applications of Zn were found to increase the Zn 

concentration in the crop to the same extent, whereas the concentration of Se increased more significantly in the 

individual application compared to the cocktail. In the in vitro gastrointestinal (GI) digestion of the two types of bread, 

we observed that while Se bioaccessibility increased gradually in the GI tract, Zn was much less bioaccessible in the 

small intestine compared to the stomach and colon, probably due to the increase of pH in the small intestine, leading to 

Zn complexation by fibre, phytate, and other antinutritional factors.  

 

Keywords: biofortification, zinc, selenium, food processing, bioaccessibility 
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Biofortification of iron through nanoparticles and conventional iron fertilizers in wheat grown in 

normal and salt-affected soils 
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Sciences, Government College University, Faisalabad 
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Salt stress is the most damaging abiotic stress that limits the growth and yield of wheat crops, while the application of 

iron (Fe) increases plant growth and productivity. In this regard, a pot experiment was designed to investigate the 

comparative effects of nanoparticles (NPs) and conventional sources of Fe (such as Fe-EDTA and FeSO4). All sources 

were applied at two rates (15 and 25 mg/kg) in three replications. Results revealed that the application of Fe-NPs at 25 

mg/kg showed a better response than Fe-EDTA and FeSO4, as it increased the dry weight of roots (45.68%), shoots 

(59.46%), and grains (77.20%) of wheat plants grown in normal soil. In salt-affected soil, the application of Fe-NPs at 

25 mg/kg increased the dry weight of roots (65.06%), shoots (78.00%), and grains (61.24%) compared to the control. 

The membrane stability index (46.04%), relative water content in leaves (52.32%), and the photosynthetic rate (53.32%) 

increased with the application of Fe-NPs at the rate of 25 mg/kg in normal soil, compared to the control treatment. 

Furthermore, these increases were greater than those observed with Fe-EDTA and FeSO4. In salt-affected soil, the 

membrane stability index (59.02%), relative water content in leaves (60.27%), and photosynthetic rate (58.90%) 

increased with the soil application of Fe-NPs at 25 mg/kg, which was greater than that observed with Fe-EDTA and 

FeSO4. The concentration of Fe in shoots and grains increased with the application of Fe-NPs in normal soil at 25 mg/kg, 

with increases of 234.83% and 271.35%, respectively, compared to the control treatment. These increases were also 

observed in salt-affected soil. In conclusion, this experiment demonstrated that the application of Fe in NPs increased 

plant growth and yield by reducing the stress of salts and increased the concentration of Fe in shoots and grains in normal 

and salt-stressed soil compared to Fe-EDTA and FeSO4. 
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Vegetables grown on contaminated soils can have high levels of potentially toxic elements (PTE), which can lead to 

health risks for those who consume them. Such a situation is encountered in Wallonia (South Belgium) where former 

industrial activities have substantially increased PTE topsoil content. Vegetables like carrots and chards frequently 

exceed European quality standards (for Cd and Pb; EC 1881/2006). Therefore, predicting PTE concentrations in 

vegetables based on soil properties is useful to anticipate the risk of contamination of crops, as well as for specifying 

population exposure to PTE in a health risk assessment model. Here we outline the methodology we developed for the 

prediction of ten PTE (As, Cd, Cr, Cu, Hg, Mn, Mo, Ni, Pb and Zn) in plants, and we present the main results and the 

lessons that can be drawn. 

A dataset of 1718 pairs of soil and plant analyses was created from relevant datasets based on identical measurement 

protocols (PTE: nitric acid dissolution for plants, aqua regia extraction for soils).  Soil-to-plant transfer models were 

estimated by a robust regression method for the 14 vegetables with at least 20 records in the database. Depending on the 

element, we found between 0 (Hg) and 10 (Zn) statistically significant prediction models. When retained in the model, 

organic matter and iron tend to decrease the ETP content of vegetables. As expected, high cation exchange capacity 

results in low soil PTE bioavailability. In general, we found predictive models for vegetables with the highest PTE 

contents such as lettuce. The PTE contents of fruit vegetables (tomatoes, zucchini) are generally low and infrequently 

predictable by models. Similarly, As, Cr and Mo content is generally more difficult to predict as the vegetable content 

was close to the analytical quantification limits. The results of this study are currently being used in a web tool, called 

SANISOL (http://sanisol.wallonie.be/), which provides recommendations for users of trace metal contaminated 

vegetable gardens in Wallonia. 
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Multielement fingerprinting of Pomodorino del Piennolo del Vesuvio PDO for geographical 

provenance traceability 
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The Pomodorino del Piennolo del Vesuvio PDO (PPV) is a tomato characterized by a long shelf-life that shows up 

assembled by hand in bunches. It is cultivated in Campania region (south Italy) on the slopes of Somma-Vesuvius 

volcanic complex. It has been awarded by Protect Designation Origin (PDO) since 2009 and corresponds to several 

ecotypes of which farmers conserve traditional cultivation management and biodiversity. Its organoleptic properties are 

attributed to the peculiar cultivation environment. Due to the high typicity, the PPV is very expensive and susceptible 

to origin fraud.  

Tomato Trace 4.0 project, founded by the Rural Development Programme 2014-2020 of Campania, aims to authenticate 

and valorise the PPV by geochemical traceability methods, among which is multielement fingerprinting. This is one of 

the most widely used techniques to discriminate the geographical provenance of food. This is because the mineral 

element uptake and composition of plants depends on the mineral composition of cultivation soils in addition to other 

factors of the cultivation environment (i.e., climate, management, etc.).  

In this work, the multielement fingerprinting of three PPV ecotypes from five PDO farms were investigated in two years 

(2021-2022) and compared to that of the same ecotypes from two NO-PDO farms (i.e., farms located outside PDO area). 

In addition, the PPV multielement fingerprinting was correlated to the bioavailable and readily available amounts of the 

same elements in cultivation soils.  

Chemometric applied to data evidenced a natural grouping according to farms and little differences among ecotypes 

from each farm. The discriminant analysis showed differentiation between PDO and NO-PDO tomatoes. Therefore, the 

multielement fingerprinting of the PPV proved to be a useful tool to protect PDO productions from provenance frauds.  

 

Funding: This work was also founded by METROFOOD-IT project (NextGenerationEU, PNRR) for the realization of 

an integrated system of research and innovation infrastructures, IR0000033 (D.M.120, 21/06/2022). 
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Effects of metal contamination on the health of wild brown trout (Salmo trutta) 
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Environmental pollution is one of the major anthropogenic changes affecting ecosystems. For example, metal 

contaminants from past mining activities can remain stocked in soil, biofilm and sediment even centuries after the 

cessation of activities, with the potential to accumulate in local food chains and subsequently causing adverse effects on 

wildlife health. Wild populations of e.g., fish are known to differ in their tolerance to environmental stressors such 

chronic exposure to metal contaminants, yet the intraspecific variability at different biological levels (i.e., molecular, 

cellular, organism) remains to be firmly established. Based on the long-standing legacy of past mining activities, the 

French Pyrenees is an ideal area to study this issue as sites display a vast gradient of metal contamination levels 

(represented here by pXRF measurements in soil, biofilm and sediment). In this study, we explored the responses of 

brown trout (Salmo trutta; n=621) to different levels of chronic exposure to metal contamination (e.g. Pb, Cu, Cd, As 

measured in fish by TQ-ICP-MS) at sites (n=42) in the French Pyrenees. Our initial results show blood level 

concentrations of 2.20 – 3.80 mg.kg-1, 0.002 – 0.003 mg.kg-1 and 0.008 – 0.06 mg.kg-1 for Cu, Cd, and Pb respectively. 

To decipher the physiological mechanisms involved in the exposure / response interaction, we also measured traits 

across biological levels (molecular, cellular, organism) involved in metal bioaccumulation (e.g. metallothionein gene 

expression), immunity (e.g. neutrophils/lymphocytes ratio), genotoxicity (e.g. micronuclei), energy management (e.g. 

condition indices, muscle lipids), and resistance/tolerance to an emerging pathogen (e.g. pathogenic DNA in the fish 

body, haematocrit ratio, kidney/muscle ratio). Although preliminary, our results indicates that in the emerging field of 

evolutionary ecotoxicology, it is crucial to consider intraspecific variability to achieve a comprehensive understanding 

of the effects of metal pollution on wildlife health in heterogeneous populations. 
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The effect of different iron species on iron homeostasis and oxidative stress in Caenorhabditis elegans 
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Iron (Fe) is an essential trace element taken up in form of various Fe species through drinking water, food and food 

supplements. In the Fe2+ and Fe3+ oxidation states, it is involved in many important biological processes; nevertheless, 

an overdose of Fe can lead to adverse health effects. Although it is known that in mammals Fe2+ is more bioavailable 

for intestinal absorption than Fe3+, the consequences and underlying mechanisms of Fe overdose by different Fe species 

are poorly understood. To study species-specific effects of Fe, we chose Ceanorhabditis elegans (C. elegans) as a model 

organism, because its genome has been completely elucidated and numerous orthologues genes to humans of the Fe 

homeostasis are conserved. We fed the nematode with ammonium iron(III) citrate (FAC), iron(II) gluconate (FeGlu) 

and iron(II) chloride (FeCl2) for 5 and 24 hours and subsequently determined the absorbed iron concentration in the 

nematode by inductively coupled plasma-optical emission spectroscopy (ICP-OES) as a measure of bioavailability. 

While no species-specific difference was observed after 5 hours, there was a significant difference after 24 hours. 

Measurement of mRNA expression levels of homeostasis-associated genes by qPCR indicated species-nonspecific 

downregulation of the gene expression of one Fe importer orthologue and one Fe exporter orthologue as well as 

upregulation of two Fe storage proteins orthologues, suggesting detoxification. Interestingly, after 24 hours, the gene 

expression of glutathione synthesis- and glutathione-dependent metabolism-associated genes were also downregulated 

in a species-nonspecific manner. With regard to the formation of reactive oxygen species (ROS) a species-nonspecific 

increase in the superoxide dismutase (SOD) activity was observed. In addition, the determination of the translocation of 

an FOXO orthologue in a transgenic worm suggests ROS generation by the three Fe species. The role of species-specific 

oxidative stress as an underlying mechanism of Fe toxicity is subject of current studies. 
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Structural characterization and toxicological studies of the fungicide Maneb in the nematode C. 
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Essential trace elements (TE) play an important role in human health through involvement as cofactors for several 

metalloenzymes. Exceeding the homeostatic range, overexposure can lead to toxic effects. Manganese (Mn) in excess 

can accumulate in the brain and is associated with Parkinson’s Disease-like movement disorders, termed as 

“manganism” [1]. The main source of Mn for the general population is food and drinking water. However, occupational 

exposure due to the use of metal-containing fungicides without protective equipment is common among agricultural 

field workers. TE-containing dithiocarbamate (DTC) fungicides were patented in the 1940s and are used worldwide for 

preventing plant diseases. DTC fungicides such as the Mn- containing maneb are still popular, since no resistance has 

been observed. However, since the 1970s, a correlation between the use of maneb and the development of neurological 

symptoms has been identified [2]. 

To learn more about the molecular structure of maneb, it was synthesized and successfully characterized via several 

analysis methods including elemental analysis, single crystal X-ray diffraction, infrared spectroscopy and X-ray 

absorption spectroscopy (EXAFS). For the toxicological studies, the in vivo model organism Caenorhabditis elegans 

(C. elegans) was used. Inductively coupled plasma with emission spectroscopy (ICP-OES) data suggest that maneb is 

less bioavailable than manganese (II)-chloride (MnCl2). However, maneb was found to be about 10 times more toxic 

than MnCl2. Therefore, further toxicological endpoints including oxidative stress or neurotransmitter quantification were 

investigated. 

 

References:  

[1] Finkelstein Y, Milatovic D, Aschner M. Modulation of cholinergic systems by manganese. Neurotoxicology. 2007 

Sep; 28(5):1003-14 

[2] Ferraz, H. B. et. al, Chronic exposure to the fungicide maneb may produce symptoms and signs of CNS manganese 

intoxication. Neurology 1988, 38, 550-553 
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Lithium concentrations in mussels (Mytilus spp.) from the Portuguese coast 
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Many trace metals are released into the aquatic environment by human activities and their behaviour in marine organisms 

has been widely investigated. However, Li, one of the Technology-Critical Elements (TCEs), has received little attention 

even though its worldwide demand has increased exponentially in the last decade. Li-ion batteries are expected to 

account for over 80% of the total world Li market by 2025, even though Li in batteries has the worst recycling recovery 

rate compared to other metals like Al, Co, Cu, Mn and Ni. Li from waste disposal practices is recognized to contaminate 

groundwater at levels that are toxic to some freshwater organisms and well above Li concentrations in most rivers 

worldwide. Li contamination can also result from the use of agricultural additives. Thus, considerable anthropogenic 

contributions to the environment are expected in the coming decades, raising the need to understand the role and impact 

of this emerging contaminant on coastal and marine ecosystems. 

It is still unclear how Li affects ecosystems. Above a specific critical concentration, this metal is toxic to aquatic 

organisms, involving some of their metabolic functions. For example, Li-enriched seawater disrupts embryogenesis in 

sea urchins, zebrafish, and amphibians. To date, Li concentrations in marine organisms and their controlling factors 

have not been intensively investigated. 

The main objective of this work was to evaluate the seasonal variation in the bioavailability of this metal and to identify 

its potential sources of contamination by quantifying the concentrations of Li accumulated in the tissues of mussels 

(Mytilus spp.) collected at various coastal locations and in the main estuaries along the Portuguese coast. The first results 

show possible anthropogenic sources in the estuarine areas, but more studies are needed, particularly on the contribution 

of wastewater effluents. 
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The Greenland shark Somniosus microcephalus (Bloch & Schneider, 1801) is an extremely long-lived, large predator, 

inhabiting the Arctic and North Atlantic Oceans. This species is deemed a sentinel from an ecotoxicological standpoint. 

Its biology and ecology are still poorly known. The present study aims to provide data on mercury (Hg) and cadmium 

(Cd) in muscle and liver, to examine for evidence of relationships with size and to asses any differences between sexes. 

Results are interpreted considering available literature information on the feeding habit and the depth distribution.  

Specimens (34 females, 11 males) were caught in south-eastern and south-western waters of Greenland between 2010 

and 2014, under the auspices of the ‘Old&Cold—Greenland shark project’ 

(http://bioold.science.ku.dk/jfsteffensen/OldAndCold/) and the ‘TUNU Programmme’ (at UiT-The Arctic University of 

Norway). Analytical determinations were performed using atomic absorption spectrometry with results expressed on 

dry weight basis.   

Muscle and liver Hg levels ranged respectively 0.691–5.331 mg/kg and 0.068–2.816 mg/kg. Levels of Cd were lower 

in muscle (0.003-0.147 mg/kg) than liver (0.558-21.083 mg/kg). As expected, a progressive Hg accumulation in muscle 

and liver as function of size was found. On the other hand, in liver Cd concentrations showed negative relationship with 

size. Likely, this can be explained by considering the shark's diet of young specimens based, almost exclusively, on 

mollusks, known as vector of Cd through marine food webs, and the depth distribution of large females, as reported by 

other Authors (>1000 m). Male specimens were smaller than females, nevertheless differences between sexes were not 

significant. Furthermore, since 11 females were included in a published dating study with radioactive carbon (14C), and 

their age was estimated (up to 272 years for specimens reaching up to 500 cm in length), some considerations are given 

on the levels of Hg and Cd in relation to age. 
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Arsenic is a toxic water contaminant that represents a threat to the ecosystem and river users, particularly in mining 

areas in developing countries. The Santa Rosa River is the primary drinking water source for Santa Rosa city and its 

main tributaries, Los Gringos and El Panteón, has been affected by gold mining activities. This study aimed to analyze 

the spatial and temporal variability of As-concentration in surface water from 2021 to 2022. For this purpose, surface 

water samples were collected in the Santa Rosa River and Los Gringos and El Panteón streams in both the rainy and dry 

seasons. As-concentrations were analyzed using Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). In 20221, 

the As-concentrations in the rainy season ranged from 0.42 to 16.61 µg/L and were below the threshold (50 µg/L) 

recommended by the Ecuadorian guidelines for freshwater quality. In contrast, in the dry season 2021, As ranged from 

4.83 to 60.06 µg/L, exceeding the threshold in 13% of the samples. In 2022, a decrease in the As-content was observed 

in both seasons, with values that ranged between 1.58 and 6.80 µg/L in the rainy season and from 1.32 to 28.27 µg/L in 

the dry season. The highest concentrations of As, both in 2021 and 2022, were detected in Los Gringos and El Panteón 

streams, in the vicinity of the mining areas. Despite the fact that the As-concentrations decreased in 2022 and they are 

within the limits established in the regulations for freshwater quality, it must be considered that the Santa Rosa River is 

the main source of supply for the canton and that As-contents greater than 10 µg/L may represent a risk for consumers 

according to the drinking water quality guidelines set by the World Health Organization. These findings show that 

continuous monitoring of water quality is needed, in addition to public policies to guarantee the quality of the water 

supply in the city of Santa Rosa. 
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Release of chromium from waste concrete - impact of fresh water fluxes 
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Concrete is a frequently used building material and demolition of old building generates large amounts of waste 

concrete. Due to its potential content of hexavalent chromium, waste concrete can be of environmental concern. In this 

study is the release of hexavalent chromium and total-chromium from waste concrete monitored in the pore water of 

systems mimicking artificial landfills in contact with a fresh water lake. Waste concrete of different age and origin was 

crushed separately to fist sized pieces and all rebar was removed. Each type was then packed in separate 80L barrels 

and lake water was added until all concrete was covered. Samples of the pore water was taken weekly for 16 weeks for 

analysis of electrical conductivity, pH, total-chromium, hexavalent chromium, base cations and inorganic anions. 

Replacement of the water was done after 8 and 13 weeks, respectively. The concrete samples had significantly different 

electrical conductivity and element signatures in the pore water, indicating that different types of concrete was sampled 

and tested. After replacement of the pore water indicated the significant decrease in electrical conductivity that the initial 

pore water composition was heavily dependent of the surface mineral composition of the waste concrete. After the 

replacement was the composition to a larger extent dependent on the diffusion rates and minerals deeper inside the 

concrete particles. Analysis of chromium in the concrete samples revealed that < 15% of the total-chromium (31, 27, 21 

mg/kg) was present as hexavalent chromium (1.5, 3.4, 1.3 mg/kg). The composition of the pore water indicate that less 

than 2% of the hexavalent chromium in the waste concrete (0.016, 0.014, 0.021 mg/kg) was dissolved in the pore water 

and its concentration follows the electrical conductivity. The conclusion is that waste concrete is possible to use in such 

landfills and any negative effects is probably not originating from its content of total-chromium or hexavalent chromium. 
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Selenium (Se) is used as a valuable raw resource in various industrial fields such as glass production, alloys manufacture, 

synthesis of semiconductors, and development of batteries and solar cells. Though Se is also vital for immune system 

functioning of humans and animals, excess selenium in water will threaten health because of its high toxicity in the 

aquatic environment. Efficient removal and recovery of selenium from water is still challenging. The forms of Se found 

in water are selenite [Se(IV)] and selenate [Se(VI)]. Se(VI) is relatively more stable but more difficult to remove. Some 

synthetic adsorbent materials have shown a good removal performance. However, synthetic methods for fabricating 

materials for removal of Se are usually of high cost and not environmentally friendly. In this work, several new sorbents 

suited for efficient trace Se(VI) removal from water are fabricated from biomass through a hydro-thermal method. The 

fabrication of these sorbents is considered more sustainable not only because the raw material is biomass, but also 

because it was conducted at relatively low temperature (160–220 ℃). The sorbents are characterized, and the removal 

mechanism is studied by using Scanning Microscopy, Fourier Transform Infrared Spectrometer and X-Ray 

Photoelectron Spectroscopy. Sorbents derived from crustacea waste after hydrothermal treatment showed good Se(VI) 

removal properties. After one batch treatment under a sorbent dose of 200 mg/L, Se can be removed from 1 mg/L to 6 

μg/L, which meets the European drinking water standard of 10 μg/L. Fast kinetics in the removal of Se(VI) are observed, 

and the sorbent shows good stability in 10 sorption cycles. These new sorbents provide a promising and sustainable 

solution for removal of Se traces from water. 
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Currently, one of the biggest issue that we face as a society is a high plastic demand and production. Poor recovery of 

plastics and improper disposal are factors that increase the likelihood of plastics entering the marine environment. It has 

been shown, that microplastics (MPs) may adsorb contaminants from the water on their surface or be a source of 

contaminants added to them to improve their properties. Microplastics in the marine environment can have a high 

affinity for metal ions and thus increase their bioavailability to biota. It is crucial to understand how emerging pollutants 

such as MPs can interact with other pollutants in the environment. The main objective of this research was to understand 

how changing conditions in the coastal Baltic Sea (acidification and salinity changes) and the initial level of 

contaminants in the seawater can affect MP particles as a vector for trace elements, with a particular focus on copper. 

Here, we evaluated metal adsorption on post-consumer microplastic particles in a series of batch experiments in low-

salinity seawater. Our goal was to get a better understanding of microplastics acting as a vector of trace elements from 

the marine environment. Experiments were performed on post-consumer plastic (micro- fraction of irregular size created 

from post-consumer items such as bottle caps, coffee cups, foil etc). All types were artificially lightly aged by UV 

radiation, to simulate weathering process that occurs in the environment. 
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The extensive mining activities of ion-adsorption rare earth element (REE) deposits in south China has induced serious 

REE contamination in the surrounding environments. However, the fate of REEs in soil and water systems impacted by 

iIon-adsorption deposits mining remain unclear. In order to assess their fate in the mining ecosystem and their potential 

transfer to other bodies, samples from mine tailings, rivers, groundwater, sediments and farmlands were collected and 

analysed. The results show that the average concentrations of REEs in tailing soil (1200 mg kg–1), surface water (4460 

μg L–1), groundwater (12.50 μg L–1), sediment (462 mg kg–1) and downstream farmland soils (928 mg kg–1) were much 

higher than those in the control sites. In the mine tailings, the LREEs were more suspected to leach down than the 

HREEs. Ce and Eu were more resistant to leaching compared to other REEs. This is because that Ce partly occurs as 

CeO2 deposits, while Eu partly occurs as Eu2+ and can substitute Na+ in feldspar. In the water system, the concentrations 

of REEs were positively correlated with those of NH4
+, NO3

– and SO4
2–, suggesting an origin of mining activities. In the 

surface water, the REEs mainly occurred in the forms of REE3+ and REE(SO4)+ at upstream, while they were converted 

to organic matter associated (FA-REE) colloids at downstream over long distances. In the groundwater, the REEs in all 

samples were presented in the form of FA-REE colloids. In both water systems, the REEs showed LREE and MREE 

enrichment at upstream and HREE enrichment at downstream. The REE fractionation analysis further indicated that the 

Eu anomaly values were significantly different in surface water and groundwater, and that Ce anomaly values were 

significantly and negatively correlated with the total REEs concentrations in the water and farmland soils. Overall, our 

investigation on REE geochemistry sheds lights on the remediation of these REE-contaminated sites. 
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Regular Session 5: 84567 

 

On site autonomous monitoring of the dynamic nioxime-labile Cobalt and Nickel fractions 

 

Nicolas Layglon¹, Sébastien Creffield¹, Tanguy Gressard¹, Cécile Bossy², Eric Bakker¹ and Mary-Lou Tercier-Waeber¹ 

¹ University of Geneva, Sciences II, 30 Quai E.-Ansermet, 1221 Geneva 4, Switzerland, ² University of Bordeaux, 

UMR CNRS 5805 EPOC, 3315 Pessac, France 

 

nicolas.layglon@unige.ch 

 

Assessing the impact of trace metals (TM) on aquatic ecosystems and ultimately human health is challenging. Trace 

metals are distributed in a variety of redox states and chemical species (speciation) which proportion may vary 

continuously in space and time [1,2]. Only some TM species are bioavailable. The development of robust and adaptive 

submersible sensitive TM bioavailability-assessment tools is therefore required to support the establishment of 

environmental quality standards (EQS) and guidelines (EQG) based on realistic metal risk assessment to protect aquatic 

life and biodiversity, and ultimately human health. We report here on an innovative antifouling gel-integrated 

microelectrode arrays (GIMEs) incorporated a unique submersible trace metal-sensing probe (VIP) enabling on site or 

in situ, autonomous and simultaneous measurements of the dynamic (potentially bioavailable) fraction of trace metals 

at sub-nanomolar to low picomolar levels. For the first time ever, the system was used to monitor the spatial variation 

of the dynamic fraction of inorganic Co(II) and Ni(II) in the La Leyre river – Arcachon bay continuum. In parallel, 

master variables were monitored in situ, and water samples were collected for complementary analyses of total dissolved 

metal concentrations in the operationally defined dissolved < 0.2 μm and < 0.02 μm fractions; water composition and 

proxies for primary production. The combination of the provided data allowed for the very first time to assess the spatial 

concentration of the potentially available Co(II) and Ni(II) fractions.  

 

References:  

1. Tercier-Waeber, M.-L.; Stoll, S.; Slaveykova, V. Trace metal behavior in surface waters: emphasis on dynamic 

speciation, sorption processes and bioavailability. Archives des Sciences 2012, 65, 119–142. 

2. Tercier-Waeber, M.-L.; Hezard, T.; Masson, M.; Schäfer, J. In Situ Monitoring of the Diurnal Cycling of Dynamic 

Metal Species in a Stream under Contrasting Photobenthic Biofilm Activity and Hydrological Conditions. Environ. Sci. 

Technol. 2009, 43, 7237–7244, doi:10.1021/es900247y. 
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Regular Session 5: 84705 

 

High time-resolved multielement analyses by at-line ICP-MS at the river Rhine 

 

Mohamed Harhash, Ingrid Nett, Julia Arndt, Jan G. Wiederhold, Thomas Ternes and Lars Düster 

Federal Institute of Hydrology (BfG) 

 

harhash@bafg.de 

 

Elevated levels of metals/metalloids in aquatic environments are of increasing concern due to their potential adverse 

effects on ecosystem and human health, but existing monitoring concepts are often limited to the analysis of spot 

samples, which is insufficient for tracing temporal variations and establishing elemental mass balances. Therefore, a 

close to real-time monitoring of multiple major and trace elements in river water is highly desirable for rapid decision 

making and improved water quality management. Here, we present a semi-automated at-line ICP-MS method developed 

to simultaneously monitor about 40 elements in filtered water samples continuously collected over one hour intervals 

from the river Rhine in Koblenz, Germany. Even though running an ICP-MS online would be technically feasible, the 

high costs of 24/7 argon supply and maintenance of the system render an online operation impractical. For this reason, 

the ICP-MS is hyphenated with a self-designed and self-cleaning fraction collector/autosampler system (cat) for at-line 

operation. The fraction collector runs autonomous and the ICP-MS measurement is remotely started, calibrated, and a 

sample analysis sequence conducted two times per day (every 12 hours; visual cross check of the system via webcam 

possible). To diminish the time delay between analysis and results evaluation, scripts are developed to facilitate error 

detection during the analysis and direct assessment of elevated concentration levels. The concentrations of major and 

trace elements in the river Rhine are recorded hourly to investigate analyte patterns over time and to establish normal 

background levels. This will allow us to make deviations from this visible, to crosslink these findings with other on-/at-

line results (e.g., from non-target analyses) and to assign elevated levels to potential sources as well as to create a data 

base which can be used in machine learning for future evaluation/prognosis of the chemical status of the river Rhine. 
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Regular Session 5: 84814 

 

The potential environmental impact of a production residue (KEU) in groundwater systems 

 

Orlando Vaselli¹, Federica Meloni², Barbara Nisi³, Jacopo Cabassi³ and Marcello Panarese⁴ 

¹ University of Florence, ² Universersity of Florence, ³ National Council of Research (CNR), ⁴ ARPA Toscana 

 

orlando.vaselli@unifi.it 

 

Since 2021, serious concerns have been evidenced by high concentrations of heavy metals recovered in some domestic 

well waters from the central part of the main road that connects Florence to Leghorn (Tuscany, central Italy). Such 

contamination was due to the presence into the roadbed of a waste material containing KEU, which is a by-product of 

the sludge produced by the treatment of wastewater from the local tanning district. In fact, these muds are processed in 

order to obtain a sintering granulate after an inertization process. A few kilometers to the south (close to Arezzo), the 

same concerns were more recently highlighted when some groundwaters registered anomalous contents of metals. This 

was apparently due to a different type of KEU as it was derived by the inertization of muds from refining industries. 

In this work, we conducted an extensive analytical work on eight KEU-bearing samples to characterize the mineralogical 

and chemical bulk composition. Additionally, leaching tests were carried out by shaking for 1 day about 20 g of each 

sample in 200 mL of MilliQ water and CO2-saturated MilliQ water. After centrifugation, the surnatant was analyzed for 

main and trace elements. The post-centrifugation residue was again leached and shaken for 7 days to evidence a long-

term release of contaminants. The preliminary results showed that KEU-bearing samples are chemically heterogeneous. 

Nevertheless, the 1-day leachates resulted to be enriched in many heavy metals with concentrations, in most cases, up 

to hundreds of microg/L. Despite a general decrease in the 7-days leachates, high contents of some heavy metals were 

still recorded. Our study indicates that the CO2-saturated MilliQ water is able to remove more heavy metals than MilliQ 

water and that the inertization process presently used to stabilize unwanted toxic elements is not efficient and its use as 

by-product is strongly discouraged. 
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Regular Session 5: 84907 

 

Heavy metal concentrations in a coastal groundwater system from eastern-central Italy 

 

Barbara Nisi¹, Orlando Vaselli², Marco Taussi³, Marco Doveri¹, Matia Menichini¹, Jacopo Cabassi¹ and Brunella Raco¹ 

¹ National Research Council of Italy (CNR), ² University of Florence, ³ Università degli Studi di Urbino Carlo Bo 

 

barbara.nisi@igg.cnr.it 

 

The terminal portion of the Metauro River plain, located in central Italy along the Adriatic Sea coastline, hosts a strategic 

phreatic aquifer that, along with the surface water of the Metauro River, supplies water to the local population (i.e., 

about 60.000 people). The vulnerability of groundwater to pollution is considered the most prevalent process and the 

most conspicuous phenomenon that may reduce water quality and threaten future water use. This study aimed to 

determine the trace element concentrations from the shallow aquifer of the Metauro River plain and assess their 

source(s). From 2019 to 2020, three water sampling campaigns were performed. The concentrations of Sb, As, Co, Cr, 

Pb, Ni, Rb, and V were varying within 2 orders of magnitude, while those of Ba, B, Fe, Li, Mn, Cu, Zn, and Sr were 

spanning up to 3 to 4 orders of magnitude. Iron contents varied within 6 orders of magnitude. However, it is to mention 

that the concentration of Fe was in the great majority of the studied waters < 200 µg/L, except for a few samples 

characterized by a content up to 58,100 µg/L. Toxic elements were below the required threshold for drinking water (e.g. 

10 µg/L for As) in all the samples, since the highest content was 1.3 µg/L. Similarly, siderophile elements, e.g. Cr, Ni, 

Co, and V, were below the Italian maximum permissible concentration. Setting aside As, other chalcophile elements, 

i.e. Sb, Pb, Cu, did not show any critical enrichments. The same applies when Al, Ba, B, and Rb concentrations are 

considered since they were in a concentration range similar to that of shallow and surface waters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
414



 

 

Regular Session 5: 85280 

 

The seasonal variability of As species in groundwater of the Trująca river valley 

 

Karolina Lewińska¹, Anna Karczewska², Izabela Komorowicz¹ and Agnieszka Dradrach² 

¹ Adam Mickiewicz University in Poznań, Poland, ² Wroclaw University of Environmental and Life Sciences 

 

karolina.lewinska@amu.edu.pl 

 

The gold-bearing formation with arsenic in Zloty Stok, Poland, was mined since 13th century until 1961, when the mine 

was finally closed. However, centuries of ore mining and processing have resulted in significant contamination of water 

and soils with arsenic in the region of Złoty Stok, and especially in the valley of the Trująca River. Previous studies 

confirmed extremely high concentrations of As in soils, at the level of several thousand mg per kg. The concentrations 

of As in the water samples taken from the Trująca river, were up to 5510 µg L-1. Five piezometers were installed along 

Trująca river to check the release of As to groundwater during the year. Their filters were placed at a depth of about 4 

m. Water samples were collected using a “low-flow sampling” method. Basic properties of water were measured using 

a multi-parameter probe to control eg. ORP levels. The values of selected physicochemical parameters like conductivity 

and As concentrations in water were much higher in the summer season (September) compared to Autumn (November), 

which was related to low water levels in piezometers and a long period without rainfall. The maximum concentration 

of As in groundwater was 260 µg L-1. In four of the five piezometers, DMA forms of As were present. Arsenic forms 

As3+ and As5+ were found in all samples, although in different proportions, which indicates the partly reducing 

conditions. What is interesting, longer groundwater pumping resulted in an increase in As3+ concentrations in the 

collected water samples. Further seasonal observation of As behavior in groundwater of the Trująca river valley is 

needed, especially in the relationships between high As content in the water, soil and soil-water environment, as well as 

on related biodiversity and the processes of adaptation of living organisms to extremely high concentrations of As. 
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Regular Session 5: 86005 

 

Novel nano zero valent iron for remediation of arsenic contaminated water 

 

Anuj Saraswat 

 

anujsaraswattt@gmail.com 

 

Arsenic (As) is a colourless, tasteless and odourless trace element found throughout the environment. High groundwater 

levels of As can be attributed to geological causes associated with As bearing mineral dissolution. The iron (Fe) based 

adsorbents are very effective and widely used to remove arsenic from water for making it safe for human consumption.  

However, their practical field application is, so far, limited owing to their slow adsorption kinetics, and low adsorption 

capacity. In this study, we have synthesized a low-cost bentonite supported zero valent nano Fe-0 (B-nZVI). We have 

achieved a maximum removal capacity of ~200 mg g-1 for As (V) by bentonite based nZVI (B-nZVI) as opposed to 

~350 mg g-1 in case of bare nZVI. The reduced As adsorption was due to protection of the inner nZVI core from rapid 

corrosion. This was confirmed by the ageing study of the adsorbents confirmed this by showing significant reduction in 

As removal by bare nZVI even at 60 days of incubation (Dose = 250 mg L-1).  
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Regular Session 5: 86006 

 

Assessment of groundwater arsenic contamination and associated health risks in the Koshi-Ganga 

floodplain, Bihar, India 

 

Nishita Ivy1, Kishore K. Dhavala1 Anand Kumar2 and Arifin Sandhi3 

1 School of Ecology &amp; Environment Studies, Nalanda University, Rajgir 803116, Bihar, India, 2 School of 

Management Studies, Nalanda University, Rajgir 803116, Bihar, India, 3 Department of Biology and Environmental 

Science, Linnaeus University, Kalmar 39358, Sweden 

 

 nishitaivy@gmail.com  

 

Groundwater arsenic (As) contamination has been considered one of the significant public health concerns in many 

countries worldwide, including India. The Koshi-Ganga Floodplain, located in the Khagaria district of Bihar, India, is a 

relatively unexplored area regarding the extent of groundwater As contamination, although a number of previous studies 

have confirmed a high level of As in the groundwater in that region. As-contaminated groundwater could affect more 

than 2 million population of the district by using it for drinking and irrigation purposes. The aim of this study is to 

investigate arsenic concentration in groundwater and the health risk characterization of As exposure through drinking 

water.  

A preliminary field study was conducted at the study area, and samples of groundwater used for drinking were initially 

tested onsite using the ITS As Econo-Quick Field Test Kit. The Average Daily Intake (ADI), Chronic Daily Intake 

(CDI), Cancer Risk (CR), and Total Hazard Quotient (THQ) was estimated by following US EPA IRIS and considering 

an average daily water intake of 3 liters and an average body weight of 65kg.  

From the preliminary study, As concentration in groundwater was found to be 0.021 mg/L which exceeded both WHO 

and Bureau of Indian Standards (BIS) recommended limit of As in drinking water (0.01 mg/L). The estimated THQ was 

>1, indicating potential adverse health effects for the affected people. Both the lack of awareness and alternative sources 

for drinking water collection could play a significant role in their high consumption of As-contaminated groundwater. 

Based on our primary investigation, the people of the floodplain have strong potential health risks from drinking As-

contaminated groundwater. A number of mitigation opportunities need to be implemented immediately to reduce As 

exposure in that particular region. 
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Regular Session 6: 83009 

 

Stimulated metal(loid) leaching from historically contaminated soil in the presence of nanoplastic is 

due to indirect displacement 

 

Liuwei Wang and Deyi Hou 

Tsinghua University 

 

wlwsoilthu@foxmail.com 

 

The co-contamination of microplastics/nanoplastics and heavy metals in the soil environment pose a threat to food 

security. It is generally believed that the ability of nanoplastics (NPs) to mobilize heavy metals is due to direct 

adsorption; however, this intuitive belief is questioned in this study when it comes to a historically contaminated soil 

where mining activities since 1958 have resulted in arsenic (As) and cadmium (Cd) enrichment. Negatively charged 

polystyrene (PS) NPs were used in this study, which should theoretically stimulate Cd (metal cation) instead of As 

(negatively charged oxyanion) leaching if direct adsorption accounted for co-transport. Surprisingly, PS NPs enhanced 

the leaching of As by up to over 5 times (p value < 0.05), but had almost no effect on Cd leaching (p value > 0.05). A 

novel indirect displacement model was therefore developed to describe the phenomenon of enhanced As leaching. It has 

been found that negatively charged NPs interacted with As via competition for soil binding sites. Underlying mechanistic 

insights were further explored via both theoretical calculations with the Extended Derjaguin–Landau–Verwey–

Overbeek (XDLVO) approach, and direct characterization using Scanning Electron Microscopy (SEM) and Computed 

X-ray Microtomography (μCT) showing binding sites and flow channels, respectively. The overall results provide new 

and valuable insights into NP-metal(loid) interactions in the natural soil environment, which can be integrated in future 

studies regarding the transport and risk assessment of NPs, and toxic metal(loid)s. 
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Regular Session 6: 83567 

 

Influence of soil properties on platinum group elements behavior 

 

Valeria Vecchi¹, Sergi Díez¹, Sergio Carrero¹, Simon R. Chenery² and Maria Izquierdo¹ 

¹ IDAEA-CSIC, ² British Geological Survey 

 

valeria.vecchi@idaea.csic.es 

 

Since the first introduction in 1970s of automobile three-way catalysts (TWC), environmental concentrations of 

platinum group elements (PGE: Pt, Pd and Rh) have significantly increased. Indeed, these noble metals are released into 

the environment through car’s exhaust fumes as a result of the degradation and abrasion of the catalyst surface.  Although 

higher concentrations of PGE are found in road dust close to major highways, once emitted, they can remain suspended 

in the air and transported even to large distances. Afterwards, PGE deposit in soils surrounding high emission areas 

where they may be transformed into more mobile and bioavailable species. The understanding of PGE speciation, 

transfer-to-sink mechanisms and their drivers will shed light on the impact that these contaminants have in soils, 

especially in urbans farms and gardeners. 

In the present study, we conducted microcosm soil incubation experiments to improve our understanding of the kinetics 

of PGE transformations in soils under varying environmental conditions to mimic different climate change scenarios.  

Unpolluted topsoil samples (from 0 to 15 cm depth) were collected, covering a broad range of properties (i.e., bedrock 

and land use), as well as characterised for pH, TOC, amorphous free FeOx and total metal content. To allow a 

preliminary calculation of PGEs liquid–solid partition coefficient (Kd), and its dependence on soil properties, short-

term adsorption studies were performed using spiked soils. For microcosm experiments, moist soils were mixed with 

the contaminants in their soluble form and incubated for 3 months. Portions of soil were removed periodically to monitor 

changes in metal exchangeability and availability. Additionally, advanced isotope dilution (ID) methodologies were 

developed to examine PGE’s lability in soils. ID is one of the most promising techniques for assessing the labile pool 

of metals, but to the best of our knowledge, ID assays have never been applied to investigate PGE in soils. 
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Regular Session 6: 83854 

 

Arsenic bioavailability and its uptake by vegetables grown in contaminated garden soils in Złoty Stok 
(SW Poland). 

 

Prof. Katarzyna Szopka PhD; Prof. Anna Karczewska PhD; Dr. Agnieszka Dradrach PhD; Dariusz Gruszka 

Wroclaw University of Environmental and Life Science 

 

katarzyna.szopka@upwr.edu.pl 

 

Złoty Stok, a town in SW Poland was formerly the greatest European centre of arsenic industry. Soils in the town are 

still contaminated with this toxic element. In spite of that fact, there are complexes of allotment gardens in the town, 

that play the role of popular recreation places for the residents, but also are used for cultivation of vegetables. The 

potential transfer of soil As into vegetable crops is a matter of concern. The aim of this study was to examine the uptake 

of arsenic by vegetables grown in allotment gardens and discuss it in relation to total and soluble arsenic in soils. The 

research was carried out in two complexes of allotment gardens, from which the samples of vegetables (beetroot,  carrot, 

sorrel, onion, dill, parsley, celery) and soils (from the depth of 0-30 cm), were collected for analysis. The basic properties 

of soils should be assessed as beneficial (positive) for plant cultivation and amateur garden production. However, total 

concentrations of arsenic in soils of both garden complexes were high and varied from 222 mg kg–1 to 1809 mg kg–1, 

and exceeded the permissible values according to Polish legal regulations. Actually soluble forms of arsenic in soils, 

determined by extraction with 1 M NH4NO3, proved to be generally low, i.e. 0,33% of total As on average. Most of the 

vegetables contained low concentrations of arsenic, which confirms its generally low mobility and phytoavailability.  In 

some cases, however, for instance, in the aboveground parts of beetroot, considerably higher arsenic concentrations 

were found, which should be examined more thoroughly. The highest concentration of arsenic was found in the leaves 

of sorrel, which can be explained by a high content of oxalic acid in this plant species and its ability to release As from 

soil iron oxides. 
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Regular Session 6: 85314 

 

Do mixed forests combine the good or the bad properties of coniferous and deciduous forests? Case of 

soil pollution 

 

Luboš Borůvka¹, Lenka Pavlů¹, Vít Šrámek², Jarmila Čechmánková³, Milan Sáňka⁴, Ondřej Drábek¹, Karel Němeček¹ 

and Václav Tejnecký¹ 

¹ Czech University of Life Sciences Prague, ² Forestry and Game Management Research Institute Strnady, ³ Research 

Institute for Soil and Water Conservation Prague, ⁴ Masaryk University Brno 

 

boruvka@af.czu.cz 

 

Forest soils often contain high amounts of potentially toxic elements (PTEs). These amounts depend on the position, 

stand conditions, and also on the tree species composition. Coniferous forests have bigger interception of dry deposition 

leading to higher inputs of PTEs to soils. The accumulation of soil organic matter (SOM) as a potential sorbent of PTEs 

is usually higher there. On the other hand, soils under coniferous trees are usually more acidic, which may increase 

mobility and potential leaching of some elements. In contrast, soils under broadleaved forests are usually less acidic, 

but they contain typically SOM of better quality. Mixed forests can be expected to have intermediate properties and 

therefore intermediate contents of PTEs. However, in several national and regional surveys focused on forest soil 

pollution in the Czech Republic, the concentrations of some PTEs, particularly Cd and Pb, were higher under mixed 

forests than under purely coniferous or broadleaved forests, especially at higher altitudes. This contribution presents 

these differences and analyses potential reasons for this phenomenon. Soil pH, content and quality of SOM, geology 

and other factors take an effect. The PTEs distribution differs between forest floor and soil mineral horizons. Regional 

specifics are also shown and discussed. 
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Regular Session 6: 84007 

 

Geochemical characterization of rare earth elements in soil profiles along a pedoclimatic gradient in 

Taiwan 

 

Cho-Yin Wu 

National Taiwan University 

 

d08623001@ntu.edu.tw 

 

Rare earth elements (REEs) are a group of 17 elements with similar physical and chemical characteristics, belonging to 

the lanthanide series plus scandium (Sc) and yttrium (Y). REEs are commonly classified as light rare earth elements 

(LREEs) from La to Gd and heavy rare earth elements (HREEs) from Tb to Lu, Sc and Y. The re-distribution of soil 

REEs during pedogenesis reflects their relative mobility, affected by pH, organic matter, clay minerals, and Al/Fe oxides 

through sorption, complexation, and precipitation reactions, which results in the fractionation of these elements in a soil 

profile. The distribution of REEs in soils is also affected by climate, which is one of the main factors controlling soil 

formation. However, variations in the geochemical behavior of soil REEs with pedoclimatic changes have rarely been 

investigated. This study determined the mobilization/retention and fractionation of REEs in nine soil profiles derived 

from shale along a climosequence covering an altitudinal gradient from 49 m to 2394 m above sea level in the Central 

Mountain Range of Taiwan. The experimental results indicate a gradually decreased ΣREEs trend with increasing 

elevation/rainfall. Clay content significantly (p < 0.05) correlated with REEs, which accumulated in argillic horizons. 

Moreover, a decreasing GdN/YbN ratio with increasing secondary minerals (i.e., clay and pedogenic Fe and Al oxide 

contents) implied their preferential sequestration tendency for heavy REEs over light REEs. This preferential association 

coupled with intensifying illuviation along the climosequence, resulted in increasing LaN/SmN and decreasing 

GdN/YbN ratios with increasing weathering degree and elevation (p < 0.01). Our results demonstrate that in the studied 

humid tropical region, increasing moisture availability caused by higher rainfall and lower air temperatures with rising 

elevation has led to stronger illuviation and more advanced soil development, which is reflected in REE fractionation 

and can be quantified by the ratios GdN/YbN and LaN/SmN. 
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Regular Session 6: 84026 

 

Silver contamination in soils from a mining-/smelter-affected area 

 

Maria Vankova¹, Martin Mihaljevič¹, Ales Vanek² and Vojtech Ettler¹ 

¹ Faculty of Science, Charles University, ² Czech University of Life Sciences Prague 

 

hojdova@natur.cuni.cz 

 

Surprisingly, where other trace elements have been extensively studied in various environmental compartments (soils, 

sediments, or waste accumulations), no systematic Ag study exists in areas that have been affected by historical Ag 

pollution. Knowledge of the degree to which Ag can be mobilized into the environment over metallurgical ore 

processing, or waste weathering and/or the formation of secondary Ag-containing phases in soil/sediment is crucial for 

understanding local Ag cycle(s) and accumulation/fixation mechanisms. Our preliminary results from the Ag-

contaminated soils around a former primary Ag-smelter at Příbram (Czech Rep.) indicate an apparent variability of Ag 

concentrations within soil profiles. The identified Ag trend presented for the forest soil profile showed a concentration 

peak (≤30mg/kg) in organo-mineral horizons with an apparent downward decline (≤2 mg/kg). This finding proves a 

long-term release and introduction of anthropogenic Ag into the local environment, mainly soils. However, the questions 

that clearly remain are (I) to what degree the post-depositional chemical processes and/or secondary phases in soil could 

affect the Ag mobility, and (II) which soil oxides are mostly related to redox-driven Ag processes (Ag(I) Ag0). All 

these topics are going to be addressed within our studies. We believe that the key findings could serve as a platform to 

further apply environmental Ag data – the fate of engineered Ag-nanoparticles in soils, sediments and (waste)water 

systems etc. 
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Regular Session 6: 84067 

 

Releasing soil agents for increasing the bioavailability to purslane (Portulaca oleraceae) of Cd and Pb 

in a heavily contaminated soil 

 

Giorgos Thalassinos, Efi Levizou and Vasileios Antoniadis¹ 

¹ University of Thessaly 

 

thalassinosgeorgios@hotmail.gr 

 

Phytoremediation of contaminated soils is environment-friendly, but also considerably slow. It can be accelerated if, 

along with the use of a suitable accumulator species, contaminated soils are amended with releasing agents. We aimed 

at testing 4 materials, citric acid (CA), EDTA, oxalic acid, and tartaric acid, at two doses, 20 and 40 mmol kg-1 soil 

amended in a pot experiment to a heavily contaminated soil with total Cd=101.88 and total Pb=26.52 mg kg-1. The 9 

treatments (4 amendments x 2 rates + unamended control) were replicated 10 times. We found that Cd extracted with 

DTPA remained unchanged in all treatments compared to the control except for the treatment of added EDTA at 40 

mmol kg-1 (thereafter, “EDTA-40”), which significantly increased extracted Cd from 7.06 to 9.74 mg kg-1. Similar was 

the case with Pb, which increased significantly at EDTA-20 from 607.35 (control) to 997.55, and further increased at 

EDTA-20 to 1356.7 mg kg-1. As a consequence to this increase, Cd in the above ground purslane biomass increased 

significantly from 1.21 (control) to 3.84 at EDTA-40, but also at 3.55 at EDTA-20 (but there were no differences 

between EDTA-20 and EDTA-40; units in mg kg-1). It is interesting that Cd in purslane at CA-40 also increased 

significantly to 2.52 mg kg-1 compared to the control. Similar to Cd, Pb in purslane shoots increased significantly from 

53.73 (control) to 187.66 at EDTA-20 and exhibited an impressive 5-fold increase to 280.35 mg kg-1 at EDTA-40. 

However, the BAI (bioconcentration index—the soil-to-plant metal transfer) was nowhere close to unity for Cd (a 

requirement for hyperaccumulators), while that of Pb was one order of magnitude lower. We conclude that EDTA was 

the most successful releasing agent among all those tested, although purslane, based on BAI, did not perform as a 

successful phytoremediation candidate species.   
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Regular Session 6: 84088 

 

Direct and indirect electron transfer routes of Cr(VI) reduction associated with ferric oxyhydroxides 

in the presence of pyrogenic carbon 

 

Xiaoyun Xu¹, Zibo Xu² and Xinde Cao¹ 

¹ Shanghai Jiao Tong University, ² The Hong Kong Polytechnic University 

 

xuxiaoyun@sjtu.edu.cn 

 

Electron transfer mediated by iron minerals is considered as a critical redox step for the dynamics of pollutants in soil. 

Nevertheless, iron minerals with different degrees of crystallinity may go through various electron transfer pathways 

during the redox process. Herein, we explored the reduction process of Cr(VI) associated with different crystalline ferric 

oxyhydroxides in the presence of pyrogenic carbon (biochar). Both low- and high-crystallinity ferric oxyhydroxides 

induced Cr(VI) immobilization mainly via the sorption process, with a limited reduction process. However, the Cr(VI) 

reduction immobilization was inspired by the copresence of biochar. Biochar could act as a direct electron donor to 

effectively reduce soluble Cr(VI) to Cr(III), but the association with low-crystallinity ferric oxyhydroxide significantly 

decreased the reduction amount of Cr(VI) by biochar. Low-crystallinity ferric oxyhydroxide had an intense chemical 

combination with biochar and strong sorption for Cr(VI) via inner-sphere complexation, leading to the indirect electron 

transfer route for Cr(VI) reduction, that is, the electron first transferred from biochar to iron mineral through C−O−Fe 

binding and then to Cr(VI) with Fe(III)/Fe(II) transformation on ferric oxyhydroxides. During this indirect electron 

transfer route, Fe(III) on ferric oxyhydroxide “catches” the electron from biochar, which was stored as Fe(II) even after 

Cr(VI) reduction. These electrons could not “reach” Cr(VI) and thus caused the decrease of the Cr(VI) reduction amount 

compared to the direct reduction of Cr(VI) by biochar. With increasing crystallinity of ferric oxyhydroxides, the direct 

electron transfer between biochar and Cr(VI) became the main electron transfer avenue for Cr(VI) reduction. The 

indirect electron transfer was suppressed in the high-crystallinity ferric oxyhydroxides due to less sorption of Cr(VI), 

limited combination with biochar, and higher iron stability. Therefore, the association with high-crystallinity ferric 

oxyhydroxide barely affect the reduction of Cr(VI) by biochar. Our findings demonstrate that electron transfer 

mechanisms involving iron minerals change with the mineral crystallization process, which would affect the 

geochemical process of trace metals with pyrogenic carbon. 
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Toxic elements in sediment, water, and plants of the Crocodile River (West) system, South Africa, 

following acid mine drainage 

 

Jakob Windisch¹, Andreas Gradwohl¹, Beric M. Gilbert², Quinton M. Dos Santos², Annemarie Avenant-Oldewage² and 

Franz Jirsa¹ 

¹ University of Vienna, ² University of Johannesberg 

 

jakob.windisch@univie.ac.at 

 

The upper reaches of the Crocodile River (West) system are located in the Western Basin of the Witwatersrand mountain 

chain, an area heavily influenced by gold mining. In 2002, highly acidic and contaminated mine influenced water started 

to spill from an abandoned borehole of a gold mine and directly entered the Tweelopiespruit, a tributary to the Crocodile 

River (West). The initial monitoring suggested extremely poor water quality and water treatment was implemented to 

increase the pH and substantially compensate the consequences of acid mine drainage. Our study investigated water and 

sediments monthly in the river system at seven sampling sites especially considering confluences, during a 13 month’s 

period. Samples of Phragmites australis, Typha sp. and Eichhornia crassipes were also collected at selected sampling 

sites. In addition to physico-chemical parameters like T, pH and electrical conductivity a multi element analysis was 

conducted. We used graphite furnace atomic absorption spectroscopy (GF-AAS), cold vapor atomic absorption 

spectroscopy (CV-AAS), total reflection x-ray fluorescence spectroscopy (TXRF) and inductively coupled plasma mass 

spectrometry (ICP-MS) in filtered and acidified water samples as well as in freeze-dried and acid-digested sediment and 

plant samples. Concentrations of Ni, Zn, As, Ag, Au, Cd and U in the sediment clearly appeared elevated at the 

Tweelopiespruit site, some of them by far exceeding quality guidelines. Additionally, we could detect dissolved Mn, 

Ni, Zn and U in the water phase, occurring irregularly in concentrations of concern, posing a major risk for the aquatic 

environment at this study site. Content of Fe, Ni, Cu and Zn in roots of water plants were correlated to sediment 

concentrations of the respective elements and were significantly elevated at acid mine drainage-influenced sites. Our 

findings imply a risk of further and chronic mobilization of toxic elements from the Tweelopiespruit site and a possible 

threat to the connected river system. 
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Regular Session 6: 84170 

 

Geochemical indices, mobility, and risk assessment of metals in soils 

 

Jerzy Wieczorek and Agnieszka Baran 

Uniwersytet Rolniczy im Hugona Kołłątaja w Krakowie 

 

Jerzy.Wieczorek@urk.edu.pl 

 

Metal contamination of soils is one of the main factors contributing to soil quality decline and loss of biodiversity, which 

is also associated with plant contamination, as metals accumulate in the surface layer of soils and then enter the trophic 

chain. Currently, different approaches and methods are used to assess the content of metals in soil. The aims of the study 

was comprehensive assessment of soil contamination with metals by the combined use of geochemical, ecological and 

ecotoxicological indices. 

The study was carried out in the southern part of Poland, in the Małopolskie Voivodeship. 320 topsoil and 206 plant 

samples were collected. A total of 14 indices were used, including 5 geochemical indices, 2 mobility indices, 2 index 

assessing potential ecological risk, 2 index assessing human health risk, and 3 biotest assessing soil ecotoxicity 

(Phytotoxkit, Ostracodtoxkit, Microtox). 

Based on geochemical indicase two groups of metals were distinguished. The first one included Ni, Cr and Cu. The 

calculated geochemical indices indicated their natural content and low degree of soil contamination. The second group 

included Cd, Pb, Zn. These metals occur in high concentrations in the studied area, which is influenced by both natural 

and anthropogenic factors. Ecological and health risks indicators showed a high risk associated with the metals in soils, 

while indicators related to the assessment of metal mobility, i.e. % metal content in F1 and bioaccumulation factor 

(BCF) and ecotoxicity of soils, did not confirm this. The integration of geochemical, chemical and ecological data can 

make significant progress on such a difficult issue as assessing the risk associated with heavy metals in soils. 
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Application of amendments to mining soil in order to alleviate Pb, Zn, Cu, and Cd bioavailability 

 

Yassine Chafik¹, Marta Sena-Velez², Azzouz Boukroute³, Sabine Carpin², Bourgerie Sylvain² and Domenico Morabito² 

¹ University of Orleans/ Mohammed first university of Oujda, ² University of Orleans, ³ Mohammed first university of 

Oujda 

 

yassine.chafik@ump.ac.ma 

 

The present study focuses on the development and implementation of a strategy to rehabilitate the tailings of the former 

mining site located in the Touissit region (Eastern Morocco), mainly polluted by Pb, Zn, Cu, and Cd. To reduce the 

impact of such metals on the environment, a phytomanagement strategy is evaluated using amendments such as biochar, 

garden soil, and compost in combination with endemic plants. Before implementing field experiments, preliminary tests 

in mesocosms were conducted on two different mining soils/wastes, a Sandy waste and a Muddy waste, to understand 

the effect of different amendments addition on metals mobility and translocation to plants from reworked soils as well 

as their physicochemical properties. The tested soils, Sandy waste and Muddy waste (the most polluted soil), were 

amended with 2% (w/w) of 5 different locally sourced biochars that were previously characterized (palm fronds, citrus 

wood, eucalyptus chips, eucalyptus wood, and argan nut shells). Biochar characterization and sorption tests showed that 

biochar produced from palm fronds was the most efficient in terms of Pb sorption capacity (175.5 mg. gˉ¹). Thereafter, 

the mining soils amended with the 5 biochars were vegetated with Phaseolus vulgaris seedlings as a phytotoxicity 

indicator plant. Soil pore waters were sampled at 2 times and analyzed for pH, electrical conductivity, and metal 

concentrations. Plant growth was measured as well as the concentration of metals in the different organs (leaves, stems, 

and roots). Palm fronds-derived biochar contributed to a slight decrease of Pb, Zn, and Cu concentrations in the different 

Phaseolus organs when added to Sandy waste, while in Muddy waste, no statistical differences were observed. This 

study demonstrates that the characteristics of biochar have an important influence on the immobilization of metals in 

polluted soils. Further experiments are being investigated using garden soil and compost to compare their effectiveness 

alone or all together with biochar. 
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Environmental risk associated with the presence of trace elements in soils of valuable natural areas 

 

Alicja Kicińska¹ and Piotr Dmytrowski² 

¹ AGH Univ. of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Kraków, 

Poland, ² Complex of Landscape Parks of the Lesser Poland Voivodeship 

 

kicinska@agh.edu.pl 

 

Landscape parks (LP) are areas protected by law, which comprise numerous valuable natural and landscape sites and 

features. These include bodies of water and inanimate nature features: erratic boulders, canyons, ravines, rocky outcrops 

and mineral accumulations. All this is complemented by animate nature, from large forest complexes, through nature 

reserves, to endemic and protected species of plants and animals. It is vital and necessary to preserve this vast collection 

of valuable natural elements to the highest extent possible and to take appropriate protective and educational measures, 

including environmental monitoring. At the same time, it should be noted that LP are areas that remain in economic use 

and individual components of the environment are continuously used within their area. LP should be considered areas 

highly exposed to multiple (and varied) environmental impacts, including water, soil, vegetation and air pollution. 

Therefore, in order to assess the impact of individual investments or social behaviours on these areas, it is necessary to 

conduct comprehensive environmental and social research, providing data that would allow for planning environmental 

protection activities in an appropriate and complementary manner. One of such forms of monitoring is the assessment 

of the soil environment, carried out for samples taken in one of the parks located in southern Poland (CEE). Taking into 

account various factors potentially affecting the soil environment, surface (0–20 cm b.g.l.) samples were taken at 44 

sites. The content of selected trace elements was determined for the samples collected. As a result, it was found that: - 

natural factors, i.e. geological structure and mineral composition of rocks have a positive effect on the chemical 

composition of soils developed in soil-forming processes, - anthropogenic factors, i.e. the impact of car traffic, low 

emissions from burning fossil fuels, the discharge of industrial and household sewage directly to surface watercourses, 

waste disposal without proper leachate protection and the volume and intensity of tourist traffic negatively affect the 

condition of soils. 
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Regular Session 6: 84305 

 

The chemical speciation and transformation of heavy metals in contaminated paddy soils before and 

after remediated by the tillage method 

 

Tsung-Ju Chuang, Shan-Li Wang, Wei-Lin Liu and Puu-Tai Yang 

National Taiwan University 

 

jordan010634@gmail.com 

 

This study aimed to investigate the spatial variation in the chemical speciation of chromium (Cr) and copper (Cu) in 

contaminated rice paddy soils before and after the soils were remediated using the tillage method. The information was 

further used to evaluate the potential risk in the soils after the remediation. The soils were collected from four different 

contaminated sites in central Taiwan. The XAS results of the soils showed that the predominant Cr species in the soils 

are Cr hydroxides and oxides. The predominant Cu species in the soils are humic-acid associated Cu, and Cu sulfate 

and sulfide. The chemical speciation and fractionation, obtained using XAS and sequential extraction methods, showed 

similar trends in terms of their spatial distributions in the contaminated sites. The contents of the residual phase were 

relatively constant over the contaminated sites, while those of the other species and phases with higher mobility and 

availability increased with decreasing the distance from the irrigation water inlets of the farmlands or soil depth. The 

highest contents of mobile species in the soils near the irrigation water inlets revealed the input of heavy metal from 

anthropogenic sources through irrigation water. Meanwhile, the potential risk of Cu was higher than Cr. After 

remediation, the chemical speciation/fractionation in the soils at different locations in each contaminated site became 

homogeneous, and the solubility of Cr and Cu in the surface soils decreased. However, deeper soils after tillage 

remediation showed a higher potential risk than the soils before remediation. 
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Bioavailable trace metals in microplastics contaminated compost produced by municipal solid waste 

 

Shashikala Premarathna¹, Gayara Degamboda¹, Sammani Ramanayaka¹, Jonathas Jeffry¹, Heshani Fernando², 

Chaamila Pathirana¹ and Meththika Vithanage1 

¹ University of Sri Jayewardenepura, ² Coconut Research Institute 

 

meththika@sjp.ac.lk 

 

Compost generated from municipal solid waste (MSW) contains microplastics (MPs) and trace metal contamination. 

As a result, composts and MPs can act as a vector to transport trace metals to crops when it is applied to agricultural 

soils. Hence, investigating the trace metal abundance is important. The main aim if the study is to quantify MPs and 

MPs-bound extractable trace metals. Ten compost samples were obtained from different municipal councils in Sri 

Lanka, and a homemade compost sample was used as the control. First, MPs were extracted from compost via density 

separation. Then, wet peroxidase digestion was conducted to remove organic matter and calculated the MP abundance 

was calculated.  Further, bioavailable trace metals were extracted using 30 mL of 0.01 M CaCl2 and quantified using 

Microwave Plasma Atomic Emission Spectrophotometer (MP-AES). The abundance of MPs was high in Nagoda (140 

particles/kg), Jaffna (110 particles/kg), and Nikaweratiya (90 particles/kg) compost samples. However, the lowest MP 

contamination was observed in compost sample received from Anuradhapura. MPs were not detected in the control 

compost sample and concentrations of extractable metals was substantially lower than MSW composts. Bioavailability 

of Zn, Cd, Cu, Co, Pb, and Cr were low in most of the tested compost samples and ranged from 10 – 2675, 50 – 190, 

230 – 1830, 250 – 650, 10 – 170, and 60 – 500 μg/kg respectively. However, bioavailability of Cu and Zn was slightly 

high in Nagoda and Matara compost samples; Nagoda (Zn – 2675, Cu – 1833 μg/kg) and Matara (Zn – 1084, Cu – 1546 

μg/kg). Microplastics abundance and bioavailability of toxic trace metals were considerably high in compost produced 

urban municipalities due to the excessive disposal of waste plastics. Microplastics bound trace metals are yet to be 

analyzed. However, it can be concluded that the MSW compost can contaminate agricultural soils with MPs based on 

the available concentrations. The trace metal concentrations were below the permissible levels. 
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Regular Session 6: 84341 

 

Chromate desorption by sulfate and seawater concentrations on hematite surface assessed by 

spectroscopic and batch experiments 

 

Matheus Sampaio Carneiro Barreto and Donald Sparks 

University of Delaware 

 

mbarreto@udel.edu 

 

Chromium (VI) poses a significant risk to public and ecological health due to its toxicity and mutagenic properties, 

resulting in a considerable cost of loss of life expectancy and medical expenditure annually. The transport of these 

anionic Cr(VI)-species is primarily controlled by adsorption-desorption reactions on the surfaces of soil minerals, such 

as iron oxides. Any variation in environmental properties, such as pH, ionic strength, and ion competition, is expected 

to affect the interaction between them. Sea level rise is expected to create new biogeochemical landscapes for soil 

systems, such as saltwater and soil waterlogging, which will introduce variations in salinity, pH, and ion composition. 

We employed in-situ ATR-FTIR spectroscopy to explore the chemical pathways from a molecular perspective of 

Cr(VI)-species adsorption and desorption by sulfate with varying pH values and ionic strength on the hematite surface. 

Additionally, we used varying concentrations of artificial seawater (ASW) to desorb Cr(VI) into a batch experiment 

design. Our results demonstrated the complex Cr-O adsorption on the iron-oxide surface by combining inner-sphere and 

outer-sphere adsorbed complexes, however, the Cr(VI)-adsorbed complex showed moderated stability against pH 

variation or sulfate competition. ASW desorbed approximately 40% of Cr(VI) previously adsorbed on hematite, even 

at just 1% of the initial ASW concentration. The findings of this work provide valuable insight into the processes 

controlling the retention and remobilization of Cr-compounds by Fe-oxide minerals and serve as a warning of the 

elevated risk of Cr(VI) mobilization if contaminated soils have been affected by seawater, even at low concentrations. 
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Dynamics of changes in extractability and phytotoxicity of arsenic in spiked soils with diverse 

properties 

 

Agnieszka Dradrach, Anna Karczewska and Katarzyna Szopka 

Wroclaw University of Environmental and Life Sciences 

 

agnieszka.dradrach@upwr.edu.pl 

 

Environmental impacts caused by the presence of toxic elements in soils, and adverse effects to plants, depend not only 

on total concentrations of elements, but also on the forms in which they occur. Contaminants introduced into soil in 

easily soluble forms undergo various transformations such as the processes of specific and non-specific sorption, binding 

by soil components and occluding in hydroxides, which are often referred to as "ageing of pollutants". As a result, their 

solubility and extractability change, and thus their toxicity, including phytotoxicity, also changes. In this study, we 

examined the dynamics of such changes under controlled conditions in an incubation experiment. Four soils, strongly 

differing in texture and organic carbon content, were spiked with solutions containing As(V) to obtain various soil 

concentrations of As, up to 1000 mg/kg. Soil pH was adjusted to three different levels. The soils were incubated at 

constant moisture (80% of water holding capacity) for three months. The changes in As extractability over time, as 

related to soil properties and pH, were examined. The phytotoxicity of As was assessed based on two indices: 1) the 

reduction of seed germination, using various plant species, and 2) the results of Phytotox bioassay. The concentrations 

of easily soluble As tended to change quickly, and the dynamics of those changes depended on pH and soil properties. 

A potential solubility (measured as the extractability with phosphate and EDTA solutions) was changing much slower. 

The phytotoxicity was strongly correlated with soil concentrations of readily soluble As. These results provide a 

reference base for further experiments with spiked soils, and will also be useful for the analysis of As binding 

mechanisms in soils with different properties. 
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Bioweathering of Pb gunshot in wetlands 

 

Łukasz Binkowski 

Pedagogical University of Krakow 

 

ljbinkowski@gmail.com 

 

Spent lead (Pb) gunshot is a common threat to wildlife on hunting grounds. Pellets may be ingested by birds entailing 

the transfer of their ingredients (mainly Pb, Sb, and As) to a trophic net. This issue has been widely studied around the 

world, but another aspect of the prevalence of spent gunshot in the wetland environment – their fate in water and 

sediments, has been scarcely studied. This is a significant gap in the knowledge which importance for environmental 

quality may be very strong. Available reports about shot weathering are mainly dedicated to shooting ranges that are 

entirely different areas. Pellets deposited in wetlands are almost always submerged but still can reside in the upper 

sediment of a wetland for extended periods remaining bioavailable and exposed for decades. There are conflicting 

reports of the extent of elemental migration from shot into various environmental compartments. The physicochemical 

and biological factors that result in the bioweathering of spent shot have not been adequately characterized either. Thus, 

we run an experiment in microcosms containing sediment, water, and Pb gunshot to study the efficiency of 

bioweathering of gunshot. We noted changes in gunshot weight and surface over the experiment due to elemental 

leaching and formation of secondary phases (seen under optical tomograph and scanning microscopy). Elemental 

leaching depended mainly on water physio-chemical characteristics, sediment type, and the presence of microorganisms 

in studied microcosms. Some elements, such as copper and zinc, were leached in a more significant share of gunshot 

burden since their alloys were probably used for coating gunshot. Other major shot components (Pb, Sb, and As) were 

leached with similar efficiency relative to their total burden. We plan to continue that research to understand the 

influence of microorganisms on spent gunshot bioweathering fully. We believe these and the following-up results will 

assist in evaluating the long-term risks posed by spent gunshot deposited on wetlands. 
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Assisted Zn phytoextraction using alternate submersion cycles, a novel approach 

 

Elio Padoan, Annapaola Giordano, Michela Schiavon and Franco Ajmone Marsan 

Università degli Studi di Torino, Italia 

 

elio.padoan@unito.it 

 

Phytoextraction is probably the most studied phytoremediation technology due to its possibilities. However, most studies 

dealt with the main limitation of the technology: the low solubility and bioavailability of metals, diminishing the 

potential of this approach by reducing the extraction rate of the metals and extending, thus, remediation times. The use 

of iperaccumulators, or fast-growing plants, is the most studied method to increase the extraction rate, while an 

alternative strategy is the use of chemical or biological techniques to increase metals availability to plants, leading to 

procedures using soil amendments, chelating agents, or specific bacterial consortia.  

In this work, a novel concept of assisted phytoremediation was employed, which takes advantage of the increased metal 

availability with the use of controlled flooding conditions, with aerobic-anaerobic cycles. Metal release under 

anaerobiosis, mainly due to the dissolution of Fe-Mn oxides, controls, in some soils, a considerable fraction of some 

elements, such as zinc.  With the aim to test if, during the flooding cycles, this release will increase Zn uptake rate, two 

different Zn-contaminated soils were selected. The extraction potential of two different species subjected to redox cycles 

was investigated; Brassica juncea, an accumulator species, and Typha Latifolia, a species acquainted to anaerobic 

conditions.  The feasibility of the method has been studied in terms of metals accumulation in plant tissues and of species 

sensitivity to metals toxicity, analyzing plant responses to oxidative stress, with the aim to reach the best extraction 

performance. The first results gave promising results for Brassica juncea as accumulator species, which was able to 

extract, after two flooding and drying cycles, up to three times more than the control plants. More results will be 

necessary to better define the possibilities of this new technique, including the use of different plant species and its 

upscaling to field use. 
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Mineral facets portray the environmental fate of trace elements 

 

Chuanyong Jing 

Research Center for Eco-environmental Sciences, Chinese Academy of Sciences (CAS) 

 

cyjing@rcees.ac.cn 

 

Mineral-water interfacial reaction is the core of environmental geochemistry. The heterogeneous reactions at the mineral 

facets determine the transformation, migration, and fate of trace elements. With well-defined mineral facets, the 

interactions can be clearly interpreted to understand the facet-dependent phenomenon. Identification and quantification 

of active site at the mineral-water interface. Surface hydration is the very first step and of paramount importance in 

solid-water interfacial reactions. Our in situ DRIFTS spectra for hydrating TiO2 {100} and {201} facets resolved 

stretching vibrations of terminal and bridging hydroxyl groups. Water configuration on different TiO2 facets redefined 

the active hydroxyl sites, determining arsenic (As) adsorption by replacing water molecules. In addition, DRIFT spectra 

revealed tetrahedrally coordinated water on hematite {110} facet, and trihedrally coordinated water on hematite {001} 

and {214} facets. The interfacial water structure varied after accommodating antimony (Sb) molecules, and a strong 

hydrogen-bonding around Sb(V) stabilized its adsorption structure with a more negative Eads compared to that on 

pristine facets. Mechanisms of facet-dependent interfacial reactions. A general law for As(III/V), Sb(III/V), and V(V) 

oxyanions adsorption on hematite facets is concluded with evidence from EXAFS and DFT calculations. Density of 

state (DOS) analysis suggested upon As(III/V) or Sb(III/V) adsorption on hematite facets, a significant delocalization 

in electron density occurs. The adsorption decreased the orbital energy to form stable As–O–Fe or Sb–O–Fe complex. 

Minerals with semi-conductor property is responsive to light absorption to generate hydroxyl (·OH) and superoxide 

radical (O2·-), resulting in a facet-dependent reactivity. Recently, we found that the hole-induced As(III) oxidation on 

TiO2 facets is determined by the electronic structure of the frontier orbitals of the adsorbed intermediate As(IV), 

contributed to an oxidation reactivity of {100} ≈ {101} > {001}. 
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Chromium and other trace elements in concrete – leaching from recirculated crushed concrete and 

adsorption of the released elements in soil 

 

Bert Allard¹, Viktor Sjöberg, Ola Westman, Stefan Karlsson and Peter Carlsson 

¹ Örebro University 

 

viktor.sjoberg@oru.se 

 

Concrete generally contains at least some 15 trace elements with concentrations on the mg/kg-level or higher. 

Concentration, speciation and leachability have in this project been assessed, for major elements and for trace elements, 

from total leaching (with strong acid and alkaline solution) as well as from sequential leaching, of concrete residues 

from demolished buildings. Trace element concentrations in the concrete above 5 mg/kg were recorded for V, Cr, Co, 

Ni, Cu, Zn, As, Ba, Pb and U. The leachability at the pH of the concrete pore water (above 11.5) was high for particularly 

V, Cr, Cu, As and Pb. 

The concrete residues, ca 10 000 tons presently stored on a field-site, will be used for filling on the site. The leachability 

of all the elements under environmental conditions (exposure to precipitation and shallow groundwater) was assessed, 

and the element adsorption on the soil at the site (moraine) was measured. The adsorption capacity of this soil was high 

enough to efficiently retain all the analyzed trace elements, leading to concentrations close to the natural background 

levels.  

A significant fraction of the total chromium inventory in the concrete was soluble, highly mobile and non-adsorbing 

Cr(VI) species. The release of Cr(VI) from  concrete would generally be considered as a potential health risk. There are 

similar cases with spontaneous leaching of concrete residues that have led to high levels of chromium in run-off and 

receiving surface waters. A reduction from low-adsorbing mobile Cr(VI) in the leachate (pH above 11) to high-adsorbing 

Cr(III) in the soil (pH around 7 and partly anoxic environment at depth), is the reason for the immobilization of total 

chromium on the present site. This may serve as a demonstration of conditions (flow direction, soil composition) that 

can lead to immobilization of the otherwise mobile and hazardous trace element chromium. 
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Glyphosate application increases or decreases the mobility of trace elements in agricultural soils 

depending on the contamination level 

 

Nathan Bemelmans, Rosalie Dejardin, Bryan Arbalestrie and Yannick Agnan 

UCLouvain - Earth and Life Institute Belgium 

 

nathan.bemelmans@uclouvain.be 

 

Trace element dynamics in the soil-plant system is controlled by various soil parameters, including soil constituents. 

Organic pollutants, such as pesticides, may modify the soil-plant transfer of trace elements. For instance, glyphosate, 

among the most widely used herbicides, is a chelating agent that can form complexes with trace elements with its 

phosphonate, carboxylic, and amino functional groups. In agricultural soils where glyphosate is applied, modification 

of trace elements mobility may occur by glyphosate or by its main degradation product, the aminomethylphosphonic 

acid (AMPA), particularly in contaminated soils. In this context, we evaluated the effect of formulated glyphosate (i.e., 

commercial glyphosate-based pesticide) on the mobility of trace elements in the soil-plant system in a greenhouse 

experiment (spelt in pot for three months). Four agricultural soils were selected: one uncontaminated, two metal-

contaminated by human activities (e.g., Pb, Cd, Zn, etc.), and one naturally metal-contaminated (i.e., geogenic 

enrichment in As, Ni, or Co). The soils surface was sprayed with formulated glyphosate at two doses (the highest 

authorized and three times the highest authorized). Trace element concentrations have been measured (ICP-MS) in soils 

(at the beginning and at the end of the experiment), in soil solutions (once a month), and in plants (at the end of the 

experiment). Glyphosate and AMPA concentrations were also measured (HPLC) in soil solution samples. 

Concentrations of glyphosate and AMPA in soil solutions varied widely between the considered modalities and 

sampling dates. Although glyphosate concentrations quickly decreased in soil solutions, AMPA was more persistent. 

Results showed that trace element concentrations were impacted by glyphosate: Cu, Mo, and Mn, for example, were 

more concentrated in soil solution samples compared to the control, while Sn and Zr, for example, showed lower 

concentrations, especially in the naturally contaminated soil. Plant samples are still being analyzed. These results 

indicate that glyphosate may increase or decrease trace element mobility in soils and phytoavailability will be assessed 

with the plant trace element concentrations. 
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Adsorption dynamics of REEs in ubiquitous minerals in soils: a detailed molecular-scale picture. 

 

Annapaola Giordano, Elio Padoan, Maria Martin and Franco Ajmone Marsan 

Department of Agricultural, Forest and Food Sciences, University of Turin 

 

annapaola.giordano@unito.it 

 

Rare Earth Elements (REEs) are identified by IUPAC as a group of 17 elements (lanthanides, yttrium and scandium) of 

similar physicochemical nature (electronic configuration). REEs are commonly divided into light (La to Eu), and heavy 

(Gd to Lu) REEs. In the last decades, several REEs have been employed in various fields (e.g., advanced engineering, 

metallurgical and pharmaceutical industry, agriculture) due to their unique magnetic, optical, and catalytic properties. 

Growing REEs demand and use led to an increase of their presence in the environment, making them contaminants of 

emerging concern. Soil is one of the major REEs sinks. REEs mobility and availability pathways, as for any other 

element, are controlled by element-specific intrinsic features, and by the potential of soil to release such elements from 

the mineral phase. The interaction between REEs and charged mineral soil particles – primarily of Fe-(oxyhydr)oxide 

and phyllosilicates in the clay fraction – dictates the REEs mobility in the soil matrix. 

REEs adsorption mechanisms on goethite and illite, selected as representative of the most common soil Fe 

oxyhydroxides and phyllosilicates, were investigated. Y, Ce, Nd, Gd and Yb were selected as representatives of light, 

and heavy REEs. Sorption edges were measured after 24h in 0.01 M KCl solution within the pH range from 4 to 8, with 

solid/solution ratio of 2 g L-1, and at different REEs concentration (from 150 µg/L to 10 mg/L); concentrations reflect 

both natural soil concentrations and extreme contamination conditions. REEs residual concentration in solution was 

measured by ICP-MS. Synchrotron radiation X-ray fluorescence (SXRF) was employed to identify oxidation state, local 

bonding environment and electronic structure of REEs atoms retained on the adsorbents. This work aims at observing 

REEs sorption dynamics under controlled conditions representative of soil environment. This is as an essential first step 

to unveil the fate of these new contaminants in the geosphere, eventually grasping the cascading effects produced on 

other related compartments, as water bodies and food production. 
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Regular Session 6: 84623 

 

Examining analogies in the sorption of lanthanides in environmental matrices: the case of carbon-rich 

materials, clay minerals, and soils 

 

Joan Serra-Ventura, Miquel Vidal and Anna Rigol 

Universitat de Barcelona (UB) 

 

jserrav@ub.edu 

 

The presence of lanthanides (Ln) in environmental compartments must be monitored due to the increase in their 

concentrations as the result of anthropogenic activities and to apply, if necessary, remediation strategies. Soils are one 

of the main matrices governing the interaction of pollutants in the environment, while clay minerals (also present in 

soils) and carbon-rich materials are sorbent candidates to be used as natural barriers and immobilisation agents. In this 

context, the obtention of solid-liquid distribution coefficients (Kd) is a key step to understand the interaction of 

lanthanides with relevant environmental matrices. Moreover, finding analogies in the sorption process of different 

lanthanides allows data extrapolation and facilitates decision making over contaminated scenarios. In this study we 

examined the analogy of the sorption of La, Sm, and Lu in carbon-rich materials (i.e. biochar, activated charcoal), clay 

minerals and soils through laboratory batch sorption experiments. Own sorption Kd values, obtained at different initial 

lanthanide concentration, revealed similar sorption pattern between the three lanthanides and within each matrix tested. 

In all matrices, Kd values up to 10^4 L/kg were obtained, with a significant decrease at the highest initial concentration 

tested, a scenario with low environmental relevance. These values were combined with Kd data compiled from the 

literature, after a critical revision for data acceptance. The construction of cumulative distribution functions (CDF) with 

Kd overall dataset revealed statistically equal lanthanide distributions for the same type of environmental matrix, with 

an associated variability that decreased when grouping the data according to significant material properties. The analogy 

was further confirmed by the linear correlations obtained in all cases when examining the regressions of the pairs La-

Sm, Lu-Sm, and La-Lu. 
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Regular Session 6: 84641 

 

Calculating the carbon sequestration capacity of cement bypass dust as a soil amendment 

 

Mollie Frost¹, Ian Dodd PhD¹, Binoy Sarkar², Hao Zhang¹ and Emma Sayer¹ 

¹ Lancaster University, ² University of South Australia 

 

m.frost1@lancaster.ac.uk 

 

To overcome climate change caused by anthropogenic carbon dioxide (CO2) emissions, new initiatives to return 

anthropogenic CO2 back into the terrestrial and marine storage are needed. Cement bypass dust (CBPD), a waste product 

from the production of cement, containing both key macro-nutrients such as potassium and carbonates, is currently used 

both as an agricultural fertiliser and liming agent. Its use is predicted to promote carbon sequestration by enhanced 

weathering, as well as increasing rates of photosynthesis and by increasing crop (especially root) growth, return 

additional biomass to the upper soil horizons. 

When applied to soil, CBPD undergoes an enhanced version of a naturally occurring geochemical weathering process 

to sequester carbon. This dissolution of carbonates occurs more rapidly when the material is refined to a smaller sediment 

size. Previous studies demonstrated that calcium and silicate-based crushed rocks reacted with water, with carbon 

entering the soil and water systems. CBPD provides similar results, but using a recycled material eliminates the need 

mining for more raw materials, such as limestone. The products of CBPD dissolution are bicarbonates and base cations 

such as Ca+ and Mg+. Measuring the production of these elements (C, Ca and Mg) allows the sequestration and 

stabilisation rate of carbon to be determined. These elements are measured in the soil and leachates, with water runoff 

deposited these products into the ocean for long-term storage. 

Experiments have comprised pot trials to determine crop growth and soil CO2 exchange, a soil column experiment to 

measure chemical composition of leachates and a field trial to measure pasture productivity. Elemental measurements 

of bulk soil, rhizospheric soil, soil leachates and plant tissues will allow the net carbon sequestration potential of CBPD 

to be calculated. We hypothesise that CBPD application will decrease net CO2 emissions associated with agricultural 

fertilisers and cement production, by increasing carbon storage in the terrestrial and marine environment.  
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Regular Session 6: 84659 

 

Adsorption and desorption mechanisms of thallium(I) on vermiculite 

 

Wei-Lin Liu, Tsung-Ju Chuang and Shan-Li Wang 

National Taiwan University 

 

weilinliu8459@gmail.com 

 

Thallium is a technology-critical element, and its use in high-tech industries has resulted in its gradual release into the 

environment. However, the environmental fate of thallium has not been well understood. This study aimed to study the 

adsorption and desorption of vermiculite, which is one of the important colloidal constituents of soil. The adsorption 

and desorption isotherms of thallium on vermiculite exhibited hysteresis and was partially irreversible. Three different 

adsorption sites of vermiculite were observed, including the basal plane, frayed edge, and interlayer sites. The structural 

changes of vermiculite upon increasing thallium adsorption were observed using the X-ray diffraction method. As the 

adsorbed amount of thallium was increased, the interlayer of vermiculite decreased from 14.5 Å to 10.3 Å but did not 

completely recover after thallium desorption. Accordingly, a portion of adsorbed thallium was fixed in the interlayer of 

vermiculite. The results of μ-XRF and μ-XRD analysis showed that thallium ions remained hydrated and accumulated 

at the center areas of vermiculite particles during the adsorption process. The coordination environment of thallium did 

not change significantly at different thallium concentrations during the adsorption and desorption processes, as revealed 

by the results of X-ray absorption spectroscopic analysis. Thus, thallium ions are mainly adsorbed on the basal plane 

and interlayer sites. As the adsorbed thallium content increased, the interlayer of vermiculite collapsed. The structural 

changes of vermiculite restricted the desorption of thallium ions in vermiculite and, thus, resulted in the partial 

irreversibility of the adsorption/desorption processes. 
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Regular Session 6: 84674 

 

Case studies of ReSoil® – novel technology for efficient and sustainable removal of heavy metals from 

contaminated soils 

 

Simon Gluhar, Anela Kaurin, Grega E. Voglar, Neža Finžgar and Domen Lestan 

Envit Ltd. 

 

simon.gluhar@envit.si 

 

Soil contamination is a worldwide phenomenon that endangers human health and prevents the production of safe food. 

ReSoil® is internationally patented and the only commercially available remediation option that efficiently removes Pb 

and other toxic metals from contaminated soils, recycles reagent and process waters, generates no liquid waste, produces 

no toxic emissions from remediated soil, and preserves remediated soil as a natural resource. 

The ReSoil®'s < 2-hour soil remediation cycle includes: (i) soil excavation, (ii) on-site soil extraction with the chelator 

EDTA as the main reactant, (iii) addition of zero-valent iron to the soil slurry to immobilize residual heavy metals, (iv) 

separation of the solid and liquid phase and rinsing of the soil in a filter press, to eliminate mobilized toxic species, (v) 

recycling of EDTA and all process solutions in a closed loop in a pH gradient (12.5 - 2) imposed by the addition of 

quicklime and sulfuric acid, (vi) return of the remediated soil. 

For on-site demonstration of the remediation technology, the small plant in mobile containers was used. Case studies 

were conducted on soils with different intended use. Soils from cities of Prevalje, Celje (Slovenia) and Arnoldstein 

(Austria) were used as representative soils for safe urban agriculture. We were able to remove up to 79% of lead and 

62% of cadmium. Soils from military shooting ground from Apace (Slovenia) and peat soils of the Børja shooting field 

(Norway) served as examples of remediation options for shooting ground. We removed up to 74, 31, and 51% of lead, 

antimony, and copper, respectively from Apace soil, and up to 94, 98, and 62% of lead, zinc, and copper, respectively 

from peat soils. Future remedial operations will include the use of a battery mobile, interchangeable remediation units, 

each with a capacity of 30 tonnes/day, to meet the requirements of the contaminated site and time constraints. 
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Regular Session 6: 84716 

 

Evidence of biological nitrogen fixation importance in arctic heathland through Mo and V 

concentration pattern in soils 

 

Hugo M. G. Potier¹, Xavier Raynaud², Yannick Agnan³, Alienor Allain¹, Marie A. Alexis¹ and Maryse Rouelle¹ 

¹ UMR METIS, Sorbonne Université, UPMC, CNRS, EPHE, ² iEES-Paris - Sorbonne Université, ³ Earth and Life 

Institute, Université Catholique de Louvain 

 

hugo.potier@sorbonne-universite.fr 

 

Arctic environments are particularly affected by climate change which largely modifies vegetation, hydrology, and soil 

processes. At large scale, tree-line and shrub cover expand northward as the primary production of those systems 

increases, resulting in major changes in biomass recycling, with greater amounts of elements trapped in slow-cycling 

woody biomass as the shrub cover expands. Nitrogen, often considered as a limiting element in these systems, could be 

particularly affected by this forcing. In particular, the Biological Nitrogen Fixation (BNF), a reaction catalyzed by 

nitrogenase enzymes, which exists under different alternative forms containing Molybdenum (Mo) or Vanadium (V), 

represents a major input of nitrogen in those systems and could be a predominant factor limiting vegetation changes. 

The biogeochemical cycle and concentrations of those two lithogenic trace elements could thereby be key factors 

controlling vegetation changes. Our study evaluated Mo and V as well as other trace elements stocks and concentrations 

in diverse environments having variable proportions of ligneous cover at Abisko, northern Sweden. Early results on 

heathland soils show different patterns with V being more concentrated in deep (61.02 ± 11.07 mg.kg-1) compared to 

surface horizons (22.91 ± 4.58 mg.kg-1), while Mo being equally concentrated along the soil profile (0.38 ± 0.07 mg.kg-

1). Enrichment factors (EF) indicate contrasted dynamics for these 2 elements: V follows the same concentration pattern 

as other lithogenic elements such as Fe and Ti (EF = 1) whereas surface horizons are enriched in Mo (EF = 8). Those 

results illustrate the importance of Mo for living organisms and could reflect important N input through BNF. This 

enrichment pattern could be different in other environments where lithogenic influence is less pronounced and V-

nitrogenase is preferentially used due to a relatively greater abundance of V. 
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Regular Session 6: 84730 

 

Stabilization and solidification (S/S) of metal-contaminated soil with bioash to promote a circular 

economy 

 

Sepideh Gholizadeh Khasevani, Lale Andreas, Ivan Carabante and Jurate Kumpiene 

Luleå university of technology 

 

sepideh.gholizadeh.khasevani@ltu.se 

 

A broad range of soils worldwide are contaminated by metal(oid)s such as arsenic (As), lead (Pb), zinc (Zn), copper 

(Cu), and cadmium (Cd). Remediation strategies need to be developed for these soils since high concentrations of 

metal(oid)s pose serious threats to the environment and human health. Stabilization/Solidification (S/S) is a commonly 

used method to immobilize metal(oid)s in soils. This method consists of adding a binder material to the contaminated 

soil aiming to immobilize metal(oid)s by changing their speciation and by trapping them into a more mechanically stable 

matrix. S/S offer advantages such as low price, shorter remediation times, reliable outcomes, and compatibility with 

mixed pollutants.  

This study aims to develop an S/S method for the remediation of a contaminated site in northern Sweden, with the use 

of bio-ash as a binder material, instead of cement, in order to ultimately use the solid blocks from S/S as a construction 

material. In this way two waste streams, i.e. contaminated soil and bio-ash, are treated to create a valuable product 

towards a circular economy. 

The contaminated area, with ca. 70 ha, showed an average total concentration in the soil of As, Pb, Cu, and Cr of around 

100, 500, 250, and 300 ppm respectively. These concentrations exceed the guideline values for land use and therefore 

an urgent remediation is required in order to develop the contaminated site into an industrial area.  The S/S method was 

studied for different mixtures of bio-ash, i.e. 10%, 20%, 30%, and 50% (weight percentage of bio-ash). 

The success of the S/S method was confirmed by following up the decrease in metal mobility upon the treatment with 

different binder mixtures by a combination of dynamic and statically leaching tests. Changes in the microstructure and 

mineralogy of the trace elements in the soil upon the S/S process were confirmed by means of X-Ray Diffraction (XRD).  
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Regular Session 6: 84792 

 

Short-term changes of soil characteristics on Lítov dumpsite with emphasis on Aluminium behaviour 

 

Enkhtuya Enkhtaivan, Oldřich Vacek, Petra Vokurková, Marko Spasić, Radim Vašát and Ondřej Drábek¹ 

¹ Czech University of Life Science Prague 

 

drabek@af.czu.cz 

 

Soil is one of the most important living components of the world ecosystem and its health status is greatly influenced 

by soil chemical processes. The aim of our study was to examine the changes of Aluminium behaviour and some of the 

selected soil properties at Lítov dumpsite and to compare the current situation with the situation described twenty years 

ago. A total of 107 soil samples were taken at Lítov, the same number of samples at the same sites as in 1998. The 

analyses of basic soil characteristics involved: the exchangeable soil pH (pHKCl), organic carbon content (Cox), the 

quality of humus (A400/A600), the exchangeable acidity (Ea) and two types of Aluminium contents in soil. Changes in 

all soil characteristics between the studied years 1998 and 2018 were visually evaluated using Geographical Information 

Systems (GIS). We have observed an increase of pHKCl, Cox and a slight improvement in humus quality compared to 

the results from 1998, significantly affecting the Aluminium behaviour. The time evolution of soil characteristics was 

evident in the whole area and the significant influence of reclamation methods was well pronounced. Soil development 

close to the natural conditions was found in the area, where agricultural reclamation measures (i.e., covering with 

topsoil) were carried out. Furthermore, afforestation—mainly by deciduous trees—supported the improvement of soil 

characteristics. High pyrite content and marshland were identified as the main causes that led to the Aluminium 

mobilization and vegetation cover mortality. 
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Regular Session 6: 85058 

 

Impact of arsenic release by contaminated sediments from the old mining district of Salsigne (France) 

on its mobility 

 

Marie Heydon, Eva Schreck, Oleg S. Pokrovsky, Emmanuel Joussein, Philippe Behra, Solenn Reguer and Jérôme 

Viers 

 

marie.heydon@get.omp.eu 

 

The Orbiel valley (France) is well known for the old mining district of Salsigne, which was the largest European gold 

mine at the end of the XXth century and the the world leading producer of arsenic. Years of ore extraction have left their 

mark, including several Mt of waste still stored in the valley. Moreover, in 2018 a very strong flash flood occurred in 

the Orbiel valley, carrying many sediments from upstream to downstream and raising the issue of As contamination. 

Therefore, the As presence is still observed in riverine sediments and could contribute to aquatic system contamination. 

Leaching test were carried out in order to estimate the potential release of As from Orbiel valley sediments and better 

assess risks for environment and human health. Various matrices, such as river sediments, flood ones and mining wastes, 

from 3 streams, i.e. Orbiel, Grésillou and Russec, with various As concentrations, from 8 to 176,000 ppm, were leached 

during 120 h with water from upstream Orbiel (pristine area). Samples were taken over time to study the kinetics of As 

release. Mineralogy were characterized by XRD, SEM-EDS and at the As K-edge X-ray absorption near-edge 

spectroscopy. 

Results showed different cumulative fraction of As leached from 0.01 to 11.9%, which are not correlated with the initial 

As concentration of the given sediments. The normalized release of As was more significant in the Orbiel and Russec 

streams, where the As concentrations in the leachate can reach up to 122 and 296 ppb, respectively for riverine 

sediments. Furthermore, mineralogy appeared to be a factor counteracting As release, like the presence of scorodite and 

arsenopyrite in Gresillou sediments. Moreover, the XANES experiments evidenced that As is in the As(V) oxidation 

state whatever the samples. These differences in release were also explained by the presence of different As bearing 

phases, analyzed by SEM and chemical extractions, also governing As bioavailability and toxicity. 
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Regular Session 6: 85194 

 

Factors controlling the spatial distribution of arsenic in topsoils developed on an iron-rich parent 

material in Belgian Lorraine 

 

Aubry Vandeuren¹, Benoît Pereira¹, Pierre Delmelle¹ and Tanguy De Ryck² 

¹ UCLouvain - Earth and Life Institute Belgium, ² ESHER 

 

aubry.vandeuren@uclouvain.be 

 

In topsoils, high levels of potentially toxic elements such as arsenic, may pose a problem to human health as they can 

be transferred through the food chain. High arsenic levels are typically found over large areas in soils developed on iron-

rich parent material, such as in the soils developed on the Aubange formation (southern Wallonia, Belgian Lorraine). 

Anticipating the occurrence of arsenic levels in these areas affected by elevated background concentration is of interest 

both for improving scientific knowledge of soil geochemistry, and for soil protection management. 

Here we studied the geochemistry and spatial distribution of arsenic levels in the topsoils developed on an arsenic- and 

iron-rich parent material. To determine the factors explaining the occurrence of high arsenic content in topsoils, three 

spatial scales were investigated through the sampling campaign: the Aubange Formation as a whole (20 km², 51 

samples), the village of Aix-sur-Cloie (intermediate scale, 5 km², 41 samples) and the plot scale (0.2 km², n=138). 

Analyses of major and trace elements in the collected soil samples were carried out by a portable XRF device (Niton™ 

XL3t GOLDD+). The majority of the samples show arsenic content that surpassed the normative value (30 mg/kg) of 

the Walloon soil decree (max = 170 mg/kg). Spatial trends were only observed at the formation scale and at the plot 

scale. At the formation scale, the trend correlates well with soil elevation, reflecting that the most weathering resistant 

materials are the most enriched in arsenic. No factor was found to explain the trend at the plot scale, for which the 

variability corresponded to the variability at the intermediate scale. Finally, exploratory factor analysis showed that 

arsenic and other elements (Cs, Ni, Pb, Zn and P) were associated with the presence of iron and manganese oxides. 
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Regular Session 6: 85242 

 

Biological oxidation of FeS and the environmental behavior of As in mining areas under the acidic 

and mic-oxidation conditions 

 

Mengyao Li¹, Shizhong Wang² and Rongliang Qiu³ 

¹ Sun Yat-Sen University, ² Sun Yat-sen University, ³ South China Agricultural University 

 

limy257@mail2.sysu.edu.cn 

 

Due to the disturbed ecosystems of mining areas, arsenic release from tailings to mine drainage has occurred. However, 

the high iron content in the southern mining areas gives the possibility of natural attenuation of arsenic. FeS is one of 

the most common iron minerals in mining areas, its oxidation to secondary minerals is an effective way to immobilize 

arsenic. However, under the acidic or microaerophilic conditions, the chemical oxidation of FeS is restricted, and the 

biological oxidation is particularly important. In groundwater mine drainage, the pH is weakly acidic and the content of 

dissolved oxygen is very low, we suggest that the functional bacteria play an important role in the formation of secondary 

minerals and influence the fate of As. We therefore cultivate the functional bacteria from the groundwater mine drainage 

sediment. It is found that unclassified Burkholderiales, Sphingopyxis, Dyella, Massilia, and Azospirillum are 

acidophilic, microaerophilic Fe-oxidizing bacteria. Nearly all the microorganisms are Alphaproteobacteria and 

Gammaproteobacteria, which have been shown the potential Fe(Ⅱ)-oxidizing ability. Specifically, the bacteria have a 

high abundance of cyc2_repCluster2 and cytochrome c oxidase cbb3-type subunit genes, which respectively participate 

in the Fe(Ⅱ) oxidizing in acidophilic and microaerophilic conditions. With the participation of related genes, Fe(Ⅱ) 

aggregated and crystallized outside the membrane and formed amorphous iron sulfate oxides minerals, nearly 70% of 

As was immobilized in the secondary minerals after oxidation. Moreover, the arsenite oxidase gene (aoxB) mediates 

As(Ⅲ) oxidation, which promoted the immobilization of As. This research provides more evidence that acidophilic, 

microaerophilic Fe(II)-oxidizing bacteria may play an important role in the biological oxidation of Fe(II) when the 

chemical oxidation is restricted. Furthermore, the secondary minerals can mediate the natural attenuation of As in 

groundwater mine drainage and precipitate in sediments, which will significantly reduce the biological availability and 

environmental risk of As. 
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Regular Session 7: 82880 

 

Compost, iron oxide, and manure influenced phytoavailability and uptake of arsenic and other 

potentially toxic elements by ryegrass in a highly As-contaminated gold mine tailing in Ghana 

 

Albert Kobina Mensah1, Sabry M. Shaheen², Joerg Rinklebe³ and Bernd Marschner⁴ 

¹ CSIR - Soil Research Institute, ² Wuppertal University, ³ University of Wuppertal, ⁴ Ruhr Universität  Bochum 

 

albertkobinamensah@gmail.com 

 

Multi-metal contamination in mine tailings is detrimental to the ecosystem and human health of residents in gold mining 

areas. To remediate these contaminated sites and reduce their risks, ecological solutions are needed. Using a pot 

experiment, we assessed the aided-phytoremediation potential of ryegrass for As, Co, Hg, Mn, Mo, Ni, Pb, Sb, Se, Ti, 

and Zn in an abandoned mine tailing (mean total As = 5,104 mg/kg) in southwestern Ghana. Our objective was to 

quantify the impact of compost, iron oxide, and manure on the mobilization, fractionation, and uptake of As by ryegrass 

(Lolium perenne). In addition, we quantified the impact on the plant uptake of Co, Hg, Mn, Mo, Ni, Pb, Sb, Se, Ti, and 

Zn. Compost, manure, and iron oxide were applied at 5% to a 3-kg mine tailing in the pot. At the end of 60 days, we 

harvested the ryegrass and extracted the readily-bioavailable As and specific-sorbed As in soil. We also extracted the 

As, Co, Hg, Mn, Mo, Ni, Pb, Sb, Se, Ti, and Zn contents in the soil and plant. We then calculated phytoavailability and 

plant uptake of these elements by the ryegrass using soil-to-root (bioconcentration factor, BCF), soil-to-shoot 

(bioaccumulation concentration), and root-to-shoot (translocation factor) plant transfer indices. Addition of manure 

increased the readily-bioavailable As in the mine tailing by 243% and that of the specific-sorbed As by 38%. Manure 

increased As uptake in the root by 134%, and compost did that by 101%. Manure alone and with compost increased As-

phytostability. Additionally, ryegrass showed phystostabilization capability for Co, Mn, Hg, Ni, and Zn in the presence 

of manure and iron oxide (BCF > 1). Carbon and Fe in the root of ryegrass precipitated As, Co, Mn, Hg, Ni, and Zn, 

and limited their shoot transfer. These results show that manure alone or in combination with compost or iron oxide can 

promote phytostabilization success by ryegrass in the As-contaminated mine tailing. 
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Regular Session 7: 83000 

 

Zinc promotes cadmium translocation from roots to shoots in rice 

 

Jia-Dong Chang¹, Jian Feng Ma² and Fang-Jie Zhao¹ 

¹ Nanjing Agricultural University, ² Okayama University 

 

changjiadong@njau.edu.cn 

 

Cadmium (Cd) and zinc (Zn) belong to the same group in the periodic table and have similar physical-chemical 

properties. They are often co-contaminants in the environment and can be taken up and transported in plants vis the 

same transporters. It is often expected that Zn would decrease Cd accumulation in plants due to competitions for the 

same transporters. In a series of hydroponic experiments with five different rice cultivars, we found that increasing Zn 

supply in the nutrient solution markedly increased root-to-shoot translocation of Cd. RNA-seq showed that high Zn 

supply up-regulated expression of genes involved in glutathione biosynthesis and metabolism and the Zn/Cd transporter 

gene OsHMA2, but down-regulated expression of genes related to Zn uptake. Knockout of the iron/Cd or Zn/Cd uptake 

transporter genes OsIRT1, OsIRT2 or OsZIP9 did not affect the Zn promotional effect on Cd translocation. Knockout 

of the manganese/Cd transporter gene OsNRAMP5 greatly reduced Cd uptake but did not affect the Zn promotional 

effect. Results also show that OsIRT1, OsIRT2 and OsZIP9 made only small contributions to Cd uptake under low Zn 

condition but not under high Zn condition, whereas the dominant role of OsNRAMP5 in Cd uptake diminished under 

low Zn condition. The loss of OsHMA3 function and overexpression of OsHMA3 protein also did not affect the 

phenotype of increased Cd translocation to shoot at high Zn concentration conditions. However, knockout of OsHMA2 

not only resulted in increased accumulation of Zn and Cd in the roots and decreased Cd and Zn translocation, but also 

abolished the Zn promotional effect. Increased expression of OsHMA2 under high Zn condition explains the 

promotional effect of Zn on Cd translocation. In conclusion, Zn promotes Cd translocation from roots to shoots in rice 

mainly via OsHMA2-mediated xylem loading and translocation. 
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Regular Session 7: 83692 

 

Transcriptomic mechanisms of reduced PM2.5-Pb retention in the leaves of the low-Pb-accumulation 

genotype of Chinese cabbage 

 

Wenju Liu and Peipei Gao 

Hebei Agricultural University 

 

liuwj@hebau.edu.cn, 15733202835@163.com 

 

Lead is one of the most abundant and hazardous heavy metals. The Pb concentration in PM2.5-Pb is quite high and 

atmospheric Pb is excessive input to agroecosystems. The Pb accumulation from PM2.5 in vegetables has been a concern 

because of its harmful effects on human health. Chinese cabbage, one of the most popular leaf vegetables worldwide, 

has a large cultivated area in North China during seasons with heavy haze. Our previous study illustrated that PM2.5-

Pb contributed 80–100% to Pb accumulation in edible leaves of Chinese cabbage, and provided evidence that both 

stomata and trichomes regulated foliar uptake of Pb in PM2.5 and penetration of Pb into the cellular space through the 

methods of NanoSIMS and Leadmium™ Green AM. However, it is not unclear that transcriptional regulatory 

mechanisms of foliar PM2.5-Pb uptake from PM2.5 between Low-Pb-Accumulation (LPA) and High-Pb-Accumulation 

(HPA) genotypes of Chinese cabbage. This study reveals that Pb from PM2.5 was mainly retained in the foliar apoplast 

of LPA leaves. LPA could resist Pb influx into the cytoplasm because of the higher content of polysaccharides from 

pectin, HC1, HC2, and cellulose in the cell wall. Additionally, PM2.5-Pb stress potentially stimulated cell wall 

biosynthesis and influenced the differences in Pb accumulation in LPA and HPA cabbage leaves. The comprehensive 

RNA-Seq analysis of cabbage leaves identified 12 DEGs associated with cell wall biosynthesis in LPA, which mainly 

encoded XTH and PME proteins. Meanwhile, there were some transporters, including cation/Ca2+ exchangers (CCX), 

plant cyclic nucleotide-gated channels (CNGCs), heavy metal-associated isoprenylated plant proteins (HIPPs), and ATP 

binding cassette transporters (ABC transporters), were involved in transporting metal ions, which exerted irreplaceable 

roles in response to PM2.5-Pb stress in Chinese cabbage leaves. These findings provide new insights to better understand 

molecular mechanisms the foliar Pb uptake from atmospheric deposition. 
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Regular Session 7: 83810 

 

Phytomanagement strategies for a metal-contaminated agricultural soil to provide biomass for clean 

biofuel production –Feedback from a pot trial 

 

Felix Ofori-agyemang¹, Aritz Burges², Christophe Waterlot², Eleni Papazoglou³, Efthymia Alexopoulou⁴, Michel 

Mench⁵ and Nadège Oustriere² 

¹ Laboratoire de Génie Civil et géo-Environnement (LGCgE)-JUNIA, ² Laboratoire de Génie Civil et 

géoEnvironnement (LGCgE)-JUNIA, ³ Agricultural University of Athens, ⁴ Center for Renewable Energy Sources and 

Saving, ⁵ University Bordeaux 

 

felix.ofori-agyemang@junia.com 

 

Strategies to intensify biomass production using mycorrhizal fungi, biostimulants, and their combinations are poorly 

documented for lignocellulosic crops grown on metal-contaminated soils. This study aimed to evaluate the yield of 

Miscanthus x giganteus and Cannabis sativa L. grown on a metal-contaminated agricultural soil amended with 

biostimulants and/or mycorrhizal fungi, and the plant Cd, Pb, Zn and Cu uptake. 

A pot trial which lasted 90 days was conducted using soil collected from a field close to a former Pb/Zn smelter in 

France (Metaleurop Nord, Evin-Malmaison). Six treatments were applied: control (C), protein hydrolysate (B1), 

humic/fulvic acids (B2), arbuscular mycorrhizae (M), protein hydrolysate combined with mycorrhizae (B1xM), and 

humic/fulvic acids combined with mycorrhizae (B2xM). The arbuscular mycorrhizae used in the study was provided by 

Symbiom Company (Czech Republic). The humic/fulvic acids (Lonite 80 SP) was obtained from Alba Milagro 

International (Italy). Metal concentrations in the soil pore water (SPW), soil pH, redox potential, and electrical 

conductivity were measured over time. Plant parts of miscanthus and hemp were harvested at day 90 and analyzed for 

metal concentrations. 

The results showed that the use of protein hydrolysate (B1 and B1xM) led to high concentrations of Cd, Pb, and Zn in 

the soil pore water, 2.03, 1.97, 3.43 times higher for miscanthus and 7.8, 1.3, 23.4 times higher for hemp as compared 

to the control pots, respectively, causing phytotoxicity and decreasing biomass production for both hemp and 

miscanthus. Conversely, the use of humic/fulvic acids (B2 and B2xM) decreased concentrations of Cd, Pb, Zn, and Cu 

in the soil pore water, allowing for an increase in biomass production for both hemp and miscanthus. Overall, this study 

suggested that humic/fulvic acids can be an effective biostimulant for increasing biomass production in a metal-

contaminated soil. These results warrant further investigation in a field trial setting. 
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Regular Session 7: 84212 

 

Assessment of Air Quality in the Mining District of Salsigne (France): Tillandsia usneoides as a 

Biomonitoring Tool. 

 

Aude Calas¹, Eva Schreck¹, Jérôme Viers¹, Astrid Avellan¹, Alain Pages², Philippe Behra³ and Véronique Pont⁴ 

¹ Geosciences Environnement Toulouse, GET, CNRS, University of Toulouse, ² Institut de Recherche en 

Astrophysique et Planétologie, IRAP, CNRS, University of Toulouse , ³ Laboratoire de Chimie Agro-industrielle, 

LCA, INRAE, University of Toulouse, ⁴ Laboratoire d'Aérologie, LAERO, CNRS, University of Toulouse 

 

aude.calas@get.omp.eu 

 

The mining district of Salsigne, in the Orbiel valley (France) was, at some point of the 20th century, the first gold mine 

in Europe and the most important arsenic mine in the world. Its rehabilitation has been performed for 20 years and 

several million tons of mining waste are still stored in the valley. Air quality assessment and aerosol characterization 

remain poorly described in this rural and windy valley. Yet, wind friction on surface is known to contribute to metal(loid) 

rich particles emission and transport, involving potential impacts on environment and human health.  

In order to assess air quality, 4 strategic locations were monitored in the valley over a full year using (i) active filter 

samplers for PM10 collecting during 15-integrated sampling days, and (ii) passive biomonitors (Tillandsia usneoides), 

previously used in mining sites as easy-to-perform and affordable tools to estimate the transfer of metal(loid)s. At t=0, 

six epiphyte plants were exposed at each location, and one plant per location was collected every 2 months. 

Results indicated that the concentration of PM10, along with As, Pb, Ni and Cd mass concentrations were below the EU 

air quality standard. However, an enrichment in some trace elements (As, Pb, etc.) was found in both matrices in 

comparison to control sites. This enrichment is located near the main mining waste storage site despite PM10, As and Pb 

mass concentrations exhibiting no significant differences between sites. In the present study, a correlation was found 

between the chemical composition of Tillandsia usneoides and PM10 for some elements (Al, Ti, Fe, V and REEs), 

highlighting a link between the elemental content of these 2 matrices, as the signature of atmosphere composition.  
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Regular Session 7: 84265 

 

Brassica juncea and the Se-hyperaccumulator Stanleya pinnata differentially accumulate chromium 

and selenium and modulate oxidative stress-responses 

 

Franesca Dalla Vecchia¹, Veronica Santoro², Elio Padoan², Serenella Nardi¹, Elizabeth Pilon-Smits³ and Michela 

Schiavon² 

¹ University of Padova, ² University of Turin, ³ Colorado State University 

 

michela.schiavon@unito.it 

 

Soils contaminated with chromium and selenium occur in some regions worldwide. In their most highly oxidized forms 

(chromate and selenate), these elements can compete for transport into plants and further affect the uptake of sulfur, a 

chemically analogous nutrient. In this work, the capacity of Brassica juncea and the Se-hyperaccumulator Stanleya 

pinnata to absorb and accumulate chromium and selenium in different organs when applied individually or jointly, their 

effect on sulfur content, and the plant responses to oxidative stress were analyzed. The aim was to identify the 

phytotechnologies in which the two species can perform best. Plants were grown hydroponically with 50 uM chromate, 

50 uM selenate and equimolar concentrations of both elements (50 uM chromate + 50 uM selenate). Results indicate 

that B. juncea and S. pinnata own transporters with different affinity for chromate and selenate, which results in 

differential accumulation and distribution of Cr and Se. The joint application of chromate and selenate limited the 

accumulation of both elements in plants, but selenate accumulation was more constrained by chromate in B. juncea. 

Selenate decreased chromium accumulation in B. juncea leaves and roots, whereas in S. pinnata such reduction was 

only manifested in roots. B. juncea plants contained more chromium and selenium than S. pinnata due to higher biomass, 

but less selenium when exposed to both elements. Chromate and selenate depleted sulfur accumulation in both species. 

However, B. juncea was more sensitive to their toxicity when applied individually, as revealed by high lipid 

peroxidation, hydrogen peroxide content and antioxidant enzyme activity. Thus, in soil contaminated with chromium 

and selenium, S. pinnata is expected to produce biomass that could be recycled for crop biofortification due its very low 

chromium accumulation, while B. juncea could be mainly used for chromium and/or selenium remediation. 
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Regular Session 7: 84494 

 

Can FPXRF spectrometers be used to identify gold hyperaccumulators? 

 

Thomas Monot¹, Maître de conférence Baptiste Laubie¹, Marie-Odile Simonnot¹ and Guillaume Echevarria² 

¹ Laboratoire Réactions de Génie des Procédés, ² Econick 

 

thomas.monot@univ-lorraine.fr 

 

Agromining is the process of extracting metals from the ground using hyperaccumulator plants. These plants accumulate 

metals and their biomass can be processed to produce commercial products. To identify new hyperaccumulators, plant 

samples from museum archives, herbarium or private collections are usually analyzed using portable analysis techniques 

such as Field Portable X Ray Fluorescence (FPXRF). This protocol has been successfully used to identify several nickel 

hyperaccumulators. 

This work aims to assess the capability of FPXRF to identify gold hyperaccumulators which are yet to be discovered. 

Synthetic gold standards designed to simulate hyperaccumulator samples were prepared using cellulose and ash from 

industrial oven. They were analyzed with a NITON xl3t GOLDD FPXRF spectrometer using 2 different calibration 

modes. They were then analyzed by ICP-OES to evaluate the quality of the FPXRF data. Samples from potential gold 

hyperaccumulators collected from gold bearing sites in French Guiana were also analyzed following the same protocol. 

Results showed that the FPXRF spectrometer was able to accurately quantify gold at concentrations above 50 ppm. At 

lower concentration quantification was inaccurate and gold was detected in blank samples of the ash synthetic standards. 

This is likely caused by an interference with zinc, present in significant amounts in the ash. Analysis of the plant samples 

from French Guiana revealed that none of them actually contained gold, but the FPXRF analysis were also affected by 

the gold/zinc interference. 

The results show that current FPXRF spectrometers might not be best suited to identify gold hyperaccumulators in the 

field, as limit of quantification are high at 50 ppm while gold hyperaccumulation threshold is set at 1ppm. They could 

however be used to quantify gold in hyperaccumulators ash or dry biomass, which present higher concentration than 

fresh biomass, in combination with specific calibration to work around the zinc interference. 
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Regular Session 7: 84495 

 

Influence of Co and Ni on biomass, primary metabolism and the root-associated microbiome in Zea 

mays L. 

 

Jonathan Dick¹, Alicia Thiel², Julia Bornhorst², Martin Simon³ and Gertrud Lohaus¹ 

¹ Molecular Plant Sciences and Plant Biochemistry, Faculty of Mathematics and Natural Sciences, University of 

Wuppertal, ² Food Chemistry, Faculty of Mathematics and Natural Sciences, University of Wuppertal, ³ Molecular 

Cell Biology and Microbiology, Faculty of Mathematics and Natural Sciences, University of Wuppertal 

 

jdick@uni-wuppertal.de 

 

Nickel (Ni) and probably cobalt (Co) are involved in several biochemical processes in plants, e.g. in metalloenzymes. 

Moreover in Fabaceae Co, as part of Cobalamin, plays a role in nitrogen (N) fixation in the root-associated microbiome. 

Both deficiency and excess of the metals can have a negative effect on plant growth. Normally, Ni and Co occur in very 

small concentrations in the environment (soil, water), but anthropogenic contaminations (e.g. mining, industrial 

processes, electric waste) may lead to increased concentrations and the risk of toxicity.  

The aim of this project is to investigate the influence of Ni and Co on metal homeostasis, biomass production, 

carbohydrate and organic nitrogen contents and the root-associated microbiome in Zea mays L.. The plants were grown 

hydroponically with Ni and Co concentrations up to 200 µmol/l.  

While Ni had a negative effect on plant growth at all used concentrations, low levels of Co led to an increased biomass 

production. However, higher concentrations of Co or Ni influenced the root-to-shoot ratio, the metal homeostasis 

(especially of Mn and Cu) as well as the primary metabolism of the plants. 

The aim of the second part of the study was to identify the influence of Ni and Co on the root-associated microbiome of 

maize plants. Therefore, maize plants grow in soil and were treated with different concentrations of Co and Ni. The 

results of the microbiome analysis will help to understand the interactions of microorganisms and plants within the 

context of Ni and Co availability.  
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Regular Session 7: 84506 

 

Evaluation of plant growth and transition of endogenous heavy metals from biochar under elevated 

CO2 

 

Won-Gune Jeong and Kitae Baek 

Jeonbuk National University 

 

gune128@naver.com 

 

With the growth of the livestock industry, the discharge of livestock manure has increased rapidly. Composting and 

converting to liquified fertilizer are common choices to treat large amounts of manure. However, the ways discharge 

heavy metals to agricultural land and induce bad odor due to the emission of ammonia, a precursor of ultra-fine dust. 

To overcome the disadvantages of conventional treatments, the pyrolysis of livestock manure is paid attention to. 

Pyrolysis is the anoxic thermochemical process of converting the manure to syngas, bio-oil, and biochar with the 

elimination of pathogens and reduction of volume. Furthermore, biochar has plentiful nutrients and stable carbon 

fraction, it can be used as a way of carbon sequestration and soil amendment. However, during the pyrolysis, lots of 

carbon dioxide were generated by the decomposition of organic matter.   

A plant can be a great alternative to convert carbon dioxide into biomass carbon. It was reported that plant growth under 

elevated CO2 conditions is greatly affected by the available nutrient. However, the evaluation of plant growth using 

artificially produced elevated CO2 over 1,000 ppm is still unclear. Additionally, it is necessary to investigate the effect 

of endogenous heavy metals present in biochar used as fertilizer for plant growth. 

Therefore, in this study, we evaluated plant growth under elevated CO2 conditions. Furthermore, the transition of 

endogenous heavy metals from biochar due to plant growth was assessed. The correlation between plant growth and 

nutrients under elevated CO2 over 1,000 ppm was investigated. The conversion rate from CO2 to biomass carbon 

according to photosynthesis was calculated. Finally, we aimed to propose a carbon-negative system that utilizes 

livestock manure using pyrolysis by-products. 
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Regular Session 7: 84601 

 

Spatial heterogeneity of trace elements in Ecuadorian soils and cocoa beans: Soil properties affecting 

metals phytoavailability 

 

Laudine Marchive¹, Laurence Maurice¹, Eva Schreck¹, Stéphane Senan and Nicolas Eberhart 

¹ Géoscience Environnement Toulouse (Université Toulouse 3, CNRS, IRD, CNES), Toulouse, France 

 

laudinemarchive@gmail.com 

 

Recently, several studies have identified high concentrations in cadmium and other trace elements (TE) in cacao beans 

and soils from Latin-American countries that raised a public health concern. Actually, Cd is toxic and carcinogenic for 

humans when ingested in large amounts or chronically during lifetime. Cadmium has the particularity of having a great 

mobility in soil, and plants absorb it under its ionic form Cd2+ readily available in soil solution. Cadmium availability 

has many drivers including pH, organic matter content, soil texture and macro or micro-nutrient soil composition, which 

can affect its solubility and thus its bioavailability for plants. Beyond Cd threat, other TE can be harmful for human 

health, as lead, arsenic or chromium for example.  

The aim of this study performed in Ecuador is to assess soil and cacao beans’ TE contamination risks, in 15 cocoa farms 

from three coastal provinces (Esmeraldas, Manabi and Guayas), with a focus on Cd to better understand the factors 

influencing its accumulation in cacao beans and, to identify other TE accumulation in both matrixes. Our results show 

that > 80 % of soil samples exceed the Ecuadorian criteria for soil quality regarding Cd, and the same proportion of 

beans samples exceed the European legislation about Cd concentrations in cacao by-products. Moreover, the identified 

drivers of Cd availability and transfer from soil to plant, such as pH, CEC or Zn concentrations were found to be site-

dependent. Regarding the other TE, lead, barium, strontium and arsenic showed health concerns given their high 

concentrations in soils or bean samples, essentially in the province of Guayas. Finally, the TE concentrations in soil and 

beans showed a high spatial heterogeneity, especially Cd which coefficient of variability at the farm scale can rise up to 

65 % in soil samples and 68 % in cocoa bean samples. 
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Regular Session 7: 84637 

 

Safe Cd and Pb concentrations in Cannabis sativa flowers grown on a contaminated soil 

 

Antoine Delemazure¹, Ines T. Bayouli, Erik Meers and Filip M. G. Tack 

¹ Ghent University 

 

antoine.delemazure@ugent.be 

 

Once out of favour in a majority of countries worldwide, hemp (Cannabis sativa) is currently regaining substantial 

attention as a robust and convenient multi-purpose crop. Among others, it has demonstrated great promise for the 

phytomanagement of lands contaminated with trace elements such as Cd, Pb and Zn, thanks to its tolerance to the 

physiological stress induced by these metals. While research has mainly focused on fibre (for textile or biocomposites) 

and bioenergy production in that context, little to no efforts have addressed the valorisation of hemp flowers. In fact, 

data regarding the impact of soil contamination on flower concentrations is currently lacking. Additionally, while agreed 

that biochar has a great potential in alleviating metal induced stress and reducing concentrations in marketable plant 

parts, data on biochar aided phytomanagement using hemp is scarce. 

The current study aimed at determining whether metal concentrations in hemp flowers could meet legal requirements 

for commercialisation, and whether spruce biochar could help lower these concentrations. A greenhouse experiment 

with the multi-purpose hemp cultivar Fedora 17 was conducted on a soil enriched in Cd (9.8 mg/kg), Pb (660 mg/kg) 

and Zn (884 mg/kg) as a result of the activities of a former smelter. Spruce biochar was added to the soil at rates of 0%, 

1% and 3% in weight.  

Aboveground biomass and flower yields were similar when compared to the control. No significant influence of spruce 

biochar on metal concentrations could be demonstrated in soil pore-water, 0.01M CaCl2 extracts, nor in flowers. 

Crucially, it was found that Cd and Pb concentrations in flowers were at least 2.2 and 2.6 times lower than the legal 

thresholds for medicinal herbal products in Europe (1 and 5 ppm, respectively). These findings importantly stress the 

potentialities of hemp flowers and derived products in phytomanagement contexts.  
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Regular Session 7: 84755 

 

Risk assessment of soil-plant transfer of pollutants in urban agriculture 

 

Céline Laurent¹, Laure Genies², Camille Dumat³, Stéphanie Ouvrard¹, Christophe Schwartz¹, Geoffroy Séré¹, Thibault 

Sterckeman¹ and Géraldine Bidar² 

¹ Université de Lorraine-INRAE, UMR 1120 Laboratoire Sols et Environnement, ² JUNIA-ISA, Laboratoire de Génie 

Civil et géo-Environnement, ³ CNRS-CERTOP, associée Dynafor 

 

celine.laurent@univ-lorraine.fr 

 

With artificialization and densification of (sub)urban areas, there is an emphasis for kitchen gardens which offer the 

opportunity to reintroduce nature in cities, create social links, and a willingness to eat healthy. Nevertheless, this 

involvement in urban agriculture can result in land use changes that may increase the exposure to pollutants for citizens, 

for example, in the case of redeployment of brownfield sites. Thus, the compliance between state and use of an 

environmental media has to be checked.  

In this context, two databases were created, one dedicated to trace elements (BAPPET) and the other one to organic 

pollutants (BAPPOP) both relative to kitchen garden crops contamination in different contexts of soil pollution. The 

aim of these databases is to make data available for environmental diagnostics to use it (i) to compare site specific results 

to scientific literature data and (ii) to evaluate in a predictive way pollutant concentrations in plants based on the 

environmental media concentrations.  

In the current context of health-environment concerns, our project (PlantEval2.0) aims at (i) updating the databases 

based on an overview of the scientific literature on the last decade and (ii) optimizing databases to user needs. Based on 

the trace elements updated database, a modelling approach is developed to create a decision supporting tool to predict 

trace metal evolution in urban agricultural soils. This model may help to improve a decision supporting tool 

(Destisol’AU) create to better score functions related to soil contamination by mineral or organic pollutants. All these 

different parts gathered in databases and the modelling approaches should provide a more accurate prediction of 

pollutant transfer from soil to kitchen garden crops and more globally better assess the soil compliance with a kitchen 

garden use in land use strategies. 
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Regular Session 7: 85000 

 

The potential of organic amendments for enhancing nickel agromining with Odontarrhena serpyllifolia 

 

Ana Rita Alves¹, Eduardo Silva¹ and Luís Novo² 

¹ University of Aveiro, ² Scotland's Rural College 

 

ana.rita.alves@ua.pt 

 

Agromining is an emergent plant-based technology for recovering valuable metals from mineralized soils. This approach 

allows access to elements from low-grade ores, is virtually harmless to the environment, improves soil quality and 

provides essential ecosystem services. Nickel agromining is particularly promising due to extensive ultramafic areas 

worldwide harbouring a large number of Ni hyperaccumulators. The economic profitability of agromining relies on 

plant biomass yield and metal accumulation, which can be improved through various agronomic practices. The main 

goal of this work was to assess the potential of different organic amendments to enhance Ni agromining with the species 

Odontarrhena serpyllifolia (endemic to the ultramafic massifs of Trás-os-Montes, Portugal). Biochar (1.5 and 3%) was 

applied separately and together with industrial sludge (1%) or pig slurry (1%) to soil collected at the Morais massif. The 

experiment was conducted under controlled conditions. Overall, biochar boosted plant growth and increased soil organic 

matter and pH, which may have limited metal bioavailability. Joint application of biochar and slurry was detrimental to 

plants due to the high salinity content of the latter. The simultaneous addition of biochar and sludge exhibited the best 

results. These amendments improved soil properties and increased Ca:Mg ratios and soil nutrients, generating greater 

plant biomass and Ni yields – especially with 3% biochar. The 1.5% biochar+sludge treatment displayed higher Fe and 

Zn bioavailability, which are elements that might compete with Ni for plant uptake. The harvestable amount of Ni in 

plants grown in 3% biochar+sludge and 1.5% biochar+sludge was approximately 379% and 169% greater than in the 

control, respectively. Agromining can generate an economic profit for local communities and prompt rural development 

in ultramafic areas where low soil productivity hinders traditional agriculture. Therefore, the findings of this study will 

contribute to the development and future implementation of effective agromining systems. 
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Regular Session 7: 85083 

 

Total and bioavailable contents of arsenic in the soil-rhizosphere-plant system of wild plants in 

hotspots from NW Spain 

 

Paula Pérez-Rodríguez¹, Vanesa Santás-Miguel², Rocío González-Feijoo¹, Raquel Vázquez-Blanco¹ and Manuel Arias 

Estévez¹ 

¹ University of Vigo, ² Lund University 

 

paulaperezr@uvigo.es 

 

Arsenic may occur in soils in high concentrations, mainly due to non-point sources pollution, industry or mines but also 

it may appear from natural origin. In Galicia (NW Spain) those concentrations are usually associated to arsenopyrite 

minerals which somehow led to hotspots of As in soils. The presence of As in natural soils may be mobilized or even 

translocated by wild plants of the area. Therefore, the main objectives of this study were to determine As concentrations 

in natural soils in areas with possible As hotspots to know the potential bioavailable As and its effect on wild plants, to 

decipher whether those species may be used in phytoremediation of As polluted soils. 

Soil samples (25) were taken in the catchment of Miño River (25 km maximum distance among them) and As was 

determined, resulting between 10-457 mg/kg. Four sites were chosen (soil As concentrations: 65, 125, 193 and 457 

mg/kg) for sampling four plants species each (roots and aerial part) and their rhizosphere. Total As was analyzed in all 

samples and bioavailable As was analyzed in soil and rhizosphere samples. Rhizosphere Enrichment, Bioconcentration 

and Translocation factors (EFR, BF, TF) were determined. 

Generally, the EFR was significant in all analyzed species, especially in sites were As reached intermedium 

concentrations, while BF were low in plants. Bioavailable As was low in soil although resulted higher in sites with lower 

total As concentrations. However, it was higher in rhizosphere than in soil, meaning that plants were able to mobilize 

As. The TF were significantly high in sites with the two lower concentrations, resulting especially effective the species 

belonging to the Poaceae genera (TF =7 and 5, respectively). In sites with higher concentrations, plants did not 

translocate As. Finally, plants were able to mobilize As to their rhizosphere and even translocate it in polluted sites up 

to 150 mg/kg. Poaceae species have potential for phytoremediation in As polluted sites. 
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Regular Session 7: 85266 

 

Does compost allow to turn industrial wastelands into urban farms? 

 

Géraldine Bidar¹, Laure Genies¹, Joël Fontaine², Céline Pernin³, Agathe Pernot⁴ and Anissa Lounès-Hadj Sahraoui² 

¹ LGCgE - JUNIA ISA, ² UCEIV – ULCO, ³ LGCgE - Université de Lille, ⁴ EACM 

 

geraldine.bidar@junia.com 

 

For more than twenty years, urban agriculture (UA) has gradually emerged as an attractive solution to deal with the 

growing urban population and urban areas. Despite the undeniable social, environmental and economic advantages of 

UA, some drawbacks exist mainly related to the soil pollution notably metal(loid)s. This contamination is due to 

urbanization (heating, road traffic), present and past industrial activities, building material erosion and waste materials. 

Crop production in such soils may pose risks for consumer and producer health due to pollutant entrance into the food 

chain and/or accidental ingestion of soil/dust from unwashed vegetables and hands. Nowadays, the great challenge for 

policy makers, site managers, planners and municipal officials is to ensure the crop production safety and human health 

without adding pollution while using contaminated urban spaces as growing media. 

A wasteland in the Lille metropolis (France) is the subject of a land reclamation and development project, including the 

creation of an urban farm in conjunction with local associations. In the framework of this project, which is part of the 

circular economy, an experimentation based on three areas was conducted to assess the relevance of using composts 

(green waste, manure, FRW) for agronomic potential improvement of technosols, and for reduction of metal(loid) 

environmental availability and transfer into vegetables (carrot, radish, zucchini, potato, onion, chard). The experimental 

areas consist of non-contaminated silt (deposit), and two soils (excavated from the brownfield then spread out after 

hotspot removal) contaminated to various degrees. Results showed a positive effect of the amendments on the agronomic 

parameters, although still insufficient to reach the fertility optima. The study of the availability of metal(loid)s in soil 

and their analysis in vegetables will fuel the discussion on the ability of composts to immobilize them and reduce the 

risks of exposure for consumers. 
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Regular Session 7: 85279 

 

Response of twenty cover crops to increased Cu contamination in a vineyard soil 

 

Pierre Eon¹, Jean-Marc Deogratias², Thierry Robert¹ and Jean-Yves Cornu¹ 

¹ ISPA, Bordeaux Sciences Agro, INRAE, 33140, Villenave d’Ornon, France, ² ASTREDHOR Sud-Ouest 

 

pierre.eon@inrae.fr 

 

Cover crops (CCs) provide many ecosystem services to soils and ecosystems, therefore they are increasingly cultivated 

in vineyard inter-rows. However, the longterm application of copper-based fungicides to prevent downy mildew in 

grapevines has led to a contamination of the vineyard topsoils up to concentrations that can have adverse effects on CCs 

growth. It is therefore necessary to select CCs according to their tolerance to Cu, or even to their accumulation of Cu 

for a potential use in Cu phytoextraction. The objective of this study was to characterize the response of CCs to increased 

Cu contamination in a vineyard soil in terms of growth, accumulation of Cu and ionomic profile. 

Twenty CC species were grown in a vineyard soil at two concentrations of Cu: 90 mg kg-1 (Cu90) and 361 mg kg-1 

(Cu361). Cover crops were selected among green manure species sown in vineyard inter-row (n= 9), potential Cu 

accumulators (n= 7), Crassulacean acid metabolism (CAM) plants (n= 3), and plants with large aboveground biomass 

(n= 1). At flowering, plants were dried and weighed, and the elemental profile of their roots and shoots was determined, 

after digestion, by ICP-OES. 

Four species produced less aboveground biomass at Cu361 than at Cu90, among which three belong to the CAM plants. 

Expect for three species, the concentration of Cu in shoots increased (p < 0.05) with increased soil Cu content, by a 

factor up to 2.7. Commelina communis was the CC accumulating the most Cu aboveground with a concentration of Cu 

in shoots of 60 mg kg-1 at Cu361. Root analysis is underway to better explain the differences in Cu tolerance and in Cu 

aboveground accumulation observed among CCs. 
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Regular Session 8: 84143 

 

Bioremediation systems exploiting synergies for improved removal of mixed pollutants 

 

Michel Chalot¹, Lila Otero-Gonzalez², Rocio Barros³, Blanca Velasco Arroyo, Ales Lapanje⁴, Eduard Borras⁵, German 

Cavero⁶, Ana Paula Mucha⁷, Allona Isabel⁸, Raquel Moreno⁹, Emmanuelle Vulliet¹⁰, Alfredo Perez de Mora¹¹, Ioanna 

Katsavou¹², Jose Jimenez¹³ and Lisa Ciadamidaro¹⁴ 

¹ Université de Franche Comté, ² IDENER, ³ Universidad De Burgos, ⁴ Institut Jozef Stefan, ⁵ LEITAT Technological 

Center, ⁶ bluesynergy, ⁷ CIIMAR, ⁸ UPM, ⁹ Axia Innovation UG, ¹⁰ CNRS, ¹¹ TAUW, ¹² EXELISIS, ¹³ Imperial 

College London, ¹⁴ Université de Bourgogne Franche-Comté 

 

lisa.ciadamidaro@univ-fcomte.fr 

 

BIOSYSMO is a 48-month EU-action that will develop a computationally-assisted framework for designing and 

optimizing synergistic biosystems combining the required pathways and traits to achieve the most efficient degradation 

and sequestration of pollutant mixtures. These biosystems will comprise combinations of bacteria, fungi and plants 

containing the natural or engineered pathways required for pollutants management and identified based on a 

computationally-assisted analysis. BIOSYSMO will take advantage of the high natural microbial diversity by screening 

samples from metal polluted sites and locations affected by diffuse pollution to identify natural microorganisms already 

present and their ability to alter pollutant availability. The search will be expanded to microorganisms previously 

identified and characterized by applying data mining tools to genomic and metagenomic data available in public 

repositories. The construction and optimization of synergistic biosystems will combine approaches based on 1) 

enhancing plant- microbe (bacteria, fungi) interactions to achieving combinations with improved metal uptake (As, Cd, 

Hg, Zn, Pb) and metabolism (Hg) ; 2) engineering plants (poplar tree), for improved microbial colonization and metal 

uptake and metabolism; 3) constructing artificial micro-structured consortia into aggregates and biofilms, containing all 

the required pathways for metal sequestration;  4) applying bioelectrochemical systems (BES) as stand-alone or in hybrid 

systems and 5) biostimulating the native microbial communities to exploit natural traits that improve contaminant 

removal. The different key players will be identified and combined to formulate innovative biosystems with the 

assistance of genome-scale metabolic (GEM) models for elucidating and simulating the key metabolic pathways. The 

constructed biosystems will be applied in conventional (phytoremediation, biopile, biostimulation/bioaugmentation) and 

innovative (BES, hybrid BES-phytoremediation) bioremediation approaches optimized for the treatment of mixtures of 

pollutants in soil, sediments and waters. 
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Regular Session 8: 84388 

 

Study on the transportation and deposition of amoeba spores in porous media 

 

Chao Jin, Linan Zhao, Longfei Shu and Rongliang Qiu 

Sun Yat-sen University 

 

jinchao3@mail.sysu.edu.cn 

 

Amoebae are widely distributed in aquatic and soil environments. Some of them are pathogenic and may cause fatal 

effects on human beings. Non-pathogenic amoebae have the potential to carry small bacterial colonies, so they also pose 

a potential environmental risk. There is a lot of evidence that amoeba and its spores break through the treatment process 

of drinking water, survive and reproduce in the water supply network, and pose a great threat to drinking water safety 

and human health. Because of the resistance of amoebae and their spores to the disinfection process, physical filtration 

is necessary for the removal of amoebae and their spores. In this study, Dictyostelium discoideum, a model species of 

amoeba, was used to study the transportation and deposition of amoeba spores in porous media. The key factors affecting 

the transportation and deposition of amoebic spores in porous media were evaluated by column transport experiments, 

quartz crystal dissipative microbalance, and parallel-plate microfluidic systems. The effects of ionic strength, 

extracellular polymer, particle size, and flow rate of filter media on the transportation and deposition of amoeba spores 

in porous media were investigated. The main results are as follows: (1) Ionic strength is an important factor affecting 

the transportation and deposition of amoeba spores. With the increase of ionic strength, the ability of amoebic spores to 

transport in porous media was enhanced, which was contrary to the prediction of CFT. (2) the existence of extracellular 

polymer is an important reason for the abnormal deposition, the transportation ability of amoeba spores is enhanced 

after the removal of EPS, the difference of deposition rate under different ionic strength is reduced, and the influence of 

ionic strength on it is reduced. This is the first study on the transportation mechanism of Amoeba spores in porous 

media, which provides a theoretical basis for the control of Amoeba and its spores in drinking water systems. 
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Regular Session 9: 84261 

 

Environmental impact assessment of contaminated land based on life cycle assessment under the 

perspective of carbon neutrality 

 

Heng Wang¹, Jingfei Deng and Hongzhen Zhang 

¹ Chinese academy of Environmental Planning 

 

wanghdoinwork@hotmail.com 

 

It has become a global trend to apply the concept of green and sustainable remediation (GSR) to carry out site 

remediation assessment. As a typical methodology that can evaluate overall impacts of the remediation processes, life 

cycle assessment (LCA) provides a framework integrates environmental, social and economic impacts evaluation during 

remediation processes. The cradle to grave LCA system boundary includes the onsite remediation process as well as 

relevant upstream production and downstream usage and disposal processes. Therefore, all of the primary and secondary 

impact of remediation, as well as the tertiary impact resulting from the land use after remediation should be considered. 

Besides, in the context of global climate change and achieving carbon neutrality goals, evaluating environmental impacts 

and the carbon footprint of remediation processes is necessary. 

We carried out several environmental impacts evaluation of remediation processes based on the LCA method; the main 

impact of carbon footprint was identified. For example, the carbon footprint of the passivation remediation technology 

on polluted farmland in the south of China was analyzed as well as other environmental impacts. The result showed that 

the global warming impact was the main environmental impact using the SimaPro software. In the entire passivation 

remediation process, the chemical production stage and the project implementation stage were the hot spots of carbon 

emissions, with carbon emissions of 2103 t and 2091 t, respectively. In addition, the carbon emission per cubic meter 

of contaminated soil remediation was 87.80 kg, which is a polluted farmland remediation technology with low 

environmental impact. This study quantitatively evaluates the environmental impact score and carbon emissions of 

farmland pollution passivation remediation technology, and provides data basis and theoretical support for comparing 

the environmental impact of different remediation technologies under the background of China’s carbon peaking and 

carbon neutrality goals. 
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Regular Session 9: 84509 

 

Selected analytical methods and their utilization in the characterization of an adsorbent based on 

poly(2-ethyl-2-oxazoline) modified montmorillonite 

 

Michal Slaný1,2, Ľuboš Jankovič1, Marián Matejdes1 and Jana Madejová1 

1 Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, 845 36 Bratislava, Slovakia,  
2 Institute of Construction and Architecture, Slovak Academy of Sciences, Dúbravská Cesta 9, 845 03 Bratislava, 

Slovakia 

michal.slany@savba.sk 

 

Clay-polymer nanocomposites are attractive inorganic-organic materials and nowadays have great potential also in the 

field of environmental protection. In this work, powder samples consisting of montmorillonite (Jelšový Potok, Slovakia) 

and a unique and novel polymer poly(2-ethyl-2-oxazoline) (PEtOx) were prepared at different concentrations (100, 200, 

300, 400 and 500 mg/g). Their structural characterization was carried out by using XRD and mid-infrared (MIR) 

spectroscopy. The thermal stability of the functional montmorillonite-polyoxazoline (Mt-PEtOx) nanocomposite was 

carried out by TGA/DSC and the adsorption properties by using BET-N2 adsorption. Based on XRD, the d001 value 

for pure montmorillonite (Mt) was determined to be 1.22 nm, confirming the presence of partially hydrated sodium 

cation. After the intercalation of PEtOx using a loading level of 100 mg/g, a weak diffraction emerged at 4.5°2θ (1.93 

nm), indicating the incorporation of the PEtOx into the interlayer space of montmorillonite. During the intercalation of 

PEtOx using the highest loading level 500 mg/g, the d-spacing increased further up to 2.11 nm, corresponding to the 

pseudo-trimolecular arrangement. After modification of Mt with polymer, absorption bands belonging to poly2-ethyl-

2-oxazoline appeared in the MIR spectrum. The most important vibrational modes that can play an important role in 

adsorption are Si-O from montmorillonite located at 1040 cm-1. Vibrations of typical methyl and ethyl groups of PEtOx 

are located at 2983, 2944, 2886 and 2855 cm-1 and a dominant band of the C=O group is located at 1640 cm-1. TGA/DSC 

results showed Mt-PEtOx thermal stability in the range of 200-450 °C, which is useful for adsorption processes 

occurring at under high temperature conditions. BET-N2 adsorption isotherms of all Mt-PEtOx samples can be classified 

as the II IUPAC group, with a type H3 hysteresis loop. This group is characteristic of unrestricted monolayer-multilayer 

adsorption and aggregated particles with non- or macroporous materials. The obtained results showed that XRD, FTIR, 

TGA/DSC and BET-N2 adsorption are methods, which are very useful in the basic characterization of the Mt-PEtOx 

adsorbent. 

 

Acknowledgment: This work was supported by the courtesy of APVV-19-0487, VEGA 2/0166/21. 
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Regular Session 9: 85796 

 

2D imaging of trace elements in Antarctic sea ice – a story of multi-tool approach 

 

Arne Bratkic, Hanna Budasheva, Dorota Korte, Mladen Franko, Yue Cao, Francois Fripiat, Bruno Delille and Andrea 

G Bravo 

 

andrea.bravo@icm.csic.es 

 

Ice-associated communities colonize the brine-filled spaces yet their role in the biogeochemical dynamics is poorly 

understood. They are exposed to major biogeochemical and physical changes in its habitat: temperature fluctuations, 

salinity, dissolved oxygen, light, pH, and nutrients. One key adaptation is the production of extracellular polymeric 

substances (EPS, biofilm) with multiple roles in the entrapment, retention and survival of microorganisms. A growing 

body of evidence on melted-ice samples suggests that biofilms develop in sea ice and are playing a major role in macro- 

and micro-nutrient storage. They could contribute to a significant fraction of primary production in the sea ice-covered 

area, and during melting events, the released trace elements fertilize Southern Ocean with major effect on ocean 

photosynthesis.  

Current methods for collecting ice samples mostly involve melting an ice core, erasing any spatial information and 

discrimination between solid, liquid and gaseous phases. As a result, sea ice analytical methods have an insufficient 

spatial resolution to detect or describe microbial processes at submillimetre scale (in biofilms or micro-environments 

within the brine network), yet there is currently no alternative option for these experiments. To advance our 

understanding of the sea ice biogeochemistry, we have designed a modified Diffusive Gradients in Thin-films (DGT) 

approach relying on DGT 2D sampling capability of trace metals and subsequent laser ablation ICP-MS measurements. 

These were supported by innovatively used XRF and Beam Deflection Spectrometry method for iron redox speciation. 

For the first time, thermal lensing and DGT technique were successfully coupled.  

As a result we obtained first two-dimensional images of metal micronutrients in the sea ice, revealing clear spatially 

diverse signal. For the first time we observed Fe2+ and Fe3+ speciation within the sea ice. Our results are timely, because 

they open a new understanding and investigative avenue of an ecosystem that has great capacity to modulate climate. 
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Special Session 1: 85260 

 

Phytoplankton sample preparation for trace element analysis using synchrotron radiation 

 

Marianna Cancian¹, Master José Lucas Viana¹, Thierry Pellegrinetti², Marli de Fátima Fiore², Renata Rabelo³, Carlos 

Pérez³ and Anne Helene Fostier¹ 

¹ University of Campinas – UNICAMP, ² Center for Nuclear Energy in Agriculture - CENA, University of São Paulo, 

³ Brazilian Synchrotron Light Laboratory (LNLS)/Brazilian Center for Research in Energy and Materials (CNPEM) 

 

m234854@dac.unicamp.br 

 

Alkaline lakes from Pantanal, the world’s largest wetland, present high concentrations of dissolved arsenic (As) (>3 mg 

L-1), and are home to an abundant microbial community with cyanobacteria that can tolerate and/or metabolize As. In 

this work, we investigate four different types of sample preparation to analyze As speciation in two cyanobacteria 

cultivated in AsV (100 mg L-1) enriched medium, by XRF/XANES (Carnaúba beamline, SIRIUS). Samples were 

deposited on Si3N4 membrane. Liquid standards of As species (AsV, AsIII, MMA, DMA) (2000 mg L-1) and a mixture 

of these standards (MIX) were placed in capillary tubes and analyzed. For XANES (X-ray Absorption Near Edge 

Structure) measurements, spectra were collected in fluorescence mode, and the transfer energy was adjusted to the As 

K-edge (Eo=11867 eV) from 11854 eV to 11967 eV, with a step size of 0.5eV. XANES absorption spectra were obtained 

at the As K-edge for the individual As standards and for the MIX solution. For measurements by XRF (X-ray 

Fluorescence), scans of the same region were performed at two fixed energies, 10.3 keV and 12 keV, to locate the 

cyanobacteria. An XRF image was thus obtained with high spatial resolution (800 nm) showing the distribution of Ca 

and Zn present in the cyanobacteria Anabaenopsis sp. and Arthospira sp.  These results demonstrate the feasibility of 

performing XANES analysis of different As species in solution with the possibility of reducing As concentrations. High-

resolution XRF maps allowed us to locate elements such as Ca and Zn, therefore proving that the sample preparation 

method maintained the cell integrity. New analyzes are being performed to detect As species in cyanobacteria. 
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Special Session 2: 84175 

 

What solutions to reduce trace elements uptake by vegetables in market gardens? Lessons from multi-

year field and pot experiments 

 

Sibylle Comeliau and Gilles Colinet 

Gembloux Agro-Bio Tech, University of Liège 

 

sibylle.comeliau@uliege.be 

 

Food safety has become a prominent public concern in Belgium since excessive levels of Cd and Pb were measured in 

vegetables grown in private and market gardens, even in areas with slight soil contaminations. Addition of amendments 

to soil has been reported as a cost-effective remediation approach to decrease trace elements bioavailability in 

contaminated soils. A multi-year field trial with lettuce and Swiss chard was installed in several market gardens 

presenting contamination levels from < 1 to 5mg/kg of Cd. The effects of two organic amendments, biochar and 

compost, and lime on soil pH, extractible metals and uptake by plants were studied. In parallel, pots trials were conducted 

with the same amendments under controlled conditions. After one growing season, marked by severe drought conditions, 

our results showed that longer periods of time were needed for amendments to fully interact with soil. No significant 

trend was observed during the first months of trial on soil content and plant uptake was mainly influenced by initial soil 

pH (r2 = 67,6%, for Cd in log10). The effects of amendments on soil pH under pot experimental conditions were higher 

than that under field conditions. The main effect on soil pH was found after compost application (~ 75to FW/ha). 

However, uptake of Cd by plants remained largely higher than EU thresholds (0.1 mg/kg for lettuce and 0.2 for chard).  

Our study emphasizes the importance of comparing results obtained in pots with field experiments. The importance of 

soil pH in controlling Cd mobility and trace elements uptake by plants is widely recognized. However, despite a neutral 

soil in some gardens, the vegetables grown in these gardens still do not comply with EU legislation. Therefore, further 

studies are still needed to identify remediation strategies for these sites and it may be necessary to consider site-specific 

remediation solutions. 
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Special Session 2: 84204 

 

Phyto- and mycoremediation of lightly cadmium (Cd) and zinc (Zn) contaminated soil 

 

Claudio Kugler¹, Basilius Thalmann², Mattthias Wiggenhauser³, Beatrice Kulli² and Emmanuel Frossard³ 

¹ ETH Zurich, ZHAW, ² ZHAW, ³ ETH Zurich 

 

kugl@zhaw.ch 

 

Phytoremediation is an approach to clean lightly contaminated soils (0.8-2.0 mg/kg for Cd, 150-300 mg/kg for Zn; 

extractable in 2M HNO3). On such soils, plants can produce large biomass and extract trace metals efficiently, thereby 

shorten the time frame for remediation compared to heavily contaminated soils. The time frame could be further reduced 

(< 5 years) by using a combination of phytoremediation and mycoremediation. We expect that the nutrient rich 

mycelium of the saprophytic mushroom Pleurotus ostreatus will increase the plant biomass production of Noccaea 

caerulescens, Helianthus annuus and Nicotiana tabacum and will accelerate the degradation of plant residues and soil 

organic matter (SOM), resulting in an increased phytoavailability of Cd and Zn. The goal of this project is to investigate 

the efficacy of combined phyto- and mycoremediation to remediate lightly contaminated soils. The planned project 

consists of three parts. In part 1, we will characterize the influence of Pleurotus ostreatus on plant biomass production, 

and root and shoot uptake of Cd and Zn from a lightly contaminated soil. The effectiveness of these treatments will be 

assessed by measuring the soil extractable Cd and Zn pool before and after harvest as well as total concentrations in 

shoot, fruit bodies and roots. In part 2, we will assess whether a combined phyto- and mycoremediation treatment will 

increase Cd and Zn leaching. For this purpose, we will use a lysimeter to establish a full soil Cd and Zn mass balance. 

In part 3, we will analyse plant uptake of humic acid-bound Cd and Zn in the presence of degrading fungal extracellular 

enzymes Mn-peroxidase and laccase. Humic acid will be labelled with 111Cd and 67Zn and then mixed into the soil. 

Cd and Zn concentration and isotope ratios will be measured in shoots, roots, and fruit bodies to calculate SOM-

originated Cd and Zn uptake. 
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Special Session 2: 84304 

 

Mycorrhizal mediate root interaction in S. nigrum/ rice intercropping system to allocate soil cd uptake 

in plants 

 

Xu Yang¹, Wenzhen Chen² and Rongliang Qiu¹ 

¹ Sun Yat-sen University, South China Agricultural University, ² South China Agricultural University 

 

linqingqi@scau.edu.cn 

 

Intercropping of hyperaccumulators and crops is a new promising method to guarantee remediation and farming 

simultaneously. Interspecific root-root interactions drive essential functions in the intercropping system, including the 

root spatial distribution and exudates to capture soil substances. Yet, whether these traits are differently coordinated 

between intercropped cadmium(Cd)-hyperaccumulators and crops to allocate Cd acquisition is unclear. Here, a Cd-

hyperaccumulator, S. nigrum, was intercropped with upland rice in Cd-contaminated soil with arbuscular mycorrhizal 

fungi (AMF) to evaluate the root distribution traits and the Cd available patterns in the microzone of the intercropping 

system. We quantized the root proportion rates of the intercropped S. nigrum and rice from the vegetative period to the 

reproductive stage. S. nigrum with add-AMF allocated more root (increased 10.90%) to the rice parts in the vegetative 

period, but gradually lowered root distribution (reduced by 3.38%) at the maturity stage. The decreasing distribution 

rates of S. nigrum were probably caused by the increased root length and biomass of the neighboring rice at later stages. 

AMF addition increased the total P accumulation, the P and Cd uptake rate per root length of S. nigrum, conversely, 

AMF significantly hindered the Cd availability and uptake rate of rice, thereby greatly decreasing the Cd concentration 

in rice parts. In situ analysis of LA-ICP-MS showed that AMF markedly reduced the Cd contents of rice rhizosphere 

and root surface, but with limited effects on Cd content of S. nigrum. The lower DTPA-Cd concentration in the 

rhizosphere soil of intercropped rice and the increased rhizospheric exudation (total GRSP contents) further proved the 

mycorrhizal blocking effects on rice plants. We conclude that AMF mainly provides a resource acquisition effect for S. 

nigrum, but clearly strengthens the rice defending effect in the intercropping system. Root distribution and exudates can 

be good predictors of root-root interaction of the intercropping-mycorrhizal combined system to evaluate how they 

allocate Cd contents in soil. 
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Special Session 2: 84634 

 

Cadmium contamination in cacao areas in Costa Rica: information from nation-wide survey 

 

Kevin Carrillo Montoya 

INTA 

 

kcarrillo@inta.go.cr 

 

The European Union regulation of cadmium (Cd) in chocolate threatens cocoa production in different Latin American 

countries. The factors involve in cadmium accumulation in cocoa beans has been poorly studied in Central America. 

The objective of this research was to identify “Cd hotspots” as well as soil parameters and management practices 

contributing to Cd concentration in cacao beans. A survey was carried out and of soil, leaves and beans samples were 

taken in 150 producing farms in three major cacao regions in Costa Rica. Total soil Cd concentration was found in a 

range of 0.05 to 1.04 mg kg-1 (mean 0.22 mg kg-1), values that are within the range of uncontaminated soils. Bean Cd 

concentration was found in a range of 0.12 to 3.23 average (0.56 mg kg-1) and only 24% of the samples exceeded a 

threshold of 0.6 mg kg-1 distributed mostly in the Huetar Caribe and Huetar Norte regions. Multivariate regression 

analysis showed that bean Cd concentration increased with the increasing of total soil Cd and the decrease of the % soil 

organic carbon (SOC) (R2=0.60). In addition, bean Cd concentration was affected by leaf nutrient content and 

management practices. Leaf Zn and P were positively correlated to bean Cd while K and Mn were negatively correlated 

(p< 0.05). Likewise, altitude and orchard age were also negatively correlated. Overall, this study highlights that Cd 

contamination does not occur in the extend of other countries such as: Ecuador, Colombia or Honduras. Nevertheless, 

research is needed to assess a feasible mitigation strategies particularly the use of mineral and organic amendments, In 

addition, increasing leaf Mn may ameliorate the presence of Cd in cacao beans.  
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Special Session 2: 84957 

 

The bioremediation of cadmium using cadmium-tolerant bacteria in cacao farms from Colombia 

 

Daniel Bravo¹, Ruth Quiroga-Mateus¹, Santiago López¹ and Eduardo Chavez² 

¹ AGROSAVIA Corporación Colombiana de Investigación Agropecuaria, ² ESPOL Polytechnic University Escuela 

Superior Politécnica del Litoral 

 

bravo@agrosavia.co 

 

Bioremediation of farm soil is a technique that merits in-depth research. However, limited studies have focus on the use 

of bioremediation to reduce cadmium (Cd) availability in soils devoted to cacao production, in a systematic manner 

(Bravo & Braissant 2022). Therefore, this study had two objectives. The first one, a field bioprospection and 

bioformulation techniques thermodynamic-based, such as the isothermal microcalorimetry (IMC), to select a group of 

cadmium-tolerant bacteria (CdtB) for bioremediation. The second one, the application of bacterial inoculum to compare 

the immobilization of Cd in field conditions. Bioprospection was carried out in four cacao farms from the Antioquia 

district in Colombia. Culturable CdtB strains were isolated using CdCl2 as a Cd source and identified using sequencing 

of 16S rRNA and cadA genes (Bravo 2022). The metabolic characterization of Cd immobilization was carried out using 

IMC comparing natural soils content with spiked Cd content. The metabolic rates shown a Cd immobilization capacity 

of 48% of total Cd, with 1.2 mg kg-1 after 12 days of thermal monitoring. Furthermore, the application of two previously 

characterized CdtB strains with zeolite powder was performed in the same farms where the bioprospection process was 

carried out. The application of the preformulated inoculum resulted in a decrease of 0.30 ± 0.1 mg kg-1 of soil Cd in two 

out of the four assessed farms after one year of monitoring. Even though, these field results are preliminary, it is the first 

to combine bioprospecting and the performance of CdtB in laboratory and field experiments in cacao farms and shows 

its potential for bioremediation. To support our preliminary observations, Cd in cacao beans must be assessed to 

understand the mitigation potential of the CdtB. 

 

References: 

Bravo, D. and Braissant, O. (2022), Cadmium-tolerant bacteria: current trends and applications in agriculture. Lett Appl 

Microbiol, 74: 311-333. https://doi.org/10.1111/lam.13594 

Bravo D (2022) Bacterial Cadmium-Immobilization Activity Measured by Isothermal Microcalorimetry in Cacao-

Growing Soils From Colombia. Front. Environ. Sci. 10:910234. doi: 10.3389/fenvs.2022.910234 
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Special Session 2: 85032 

 

A complementary survey to identify potential hotspots of cadmium (Cd) contamination in cacao areas 

in Ecuador 

 

Eduardo Chavez, Julia Flores and Moreira Valeria 

Escuela Superior Politecnica del Litoral (ESPOL) 

 

valgemor@espol.edu.ec 

 

Cadmium (Cd) is a heavy metal of natural origin in soils and can accumulate in cacao beans which can limit the safety 

of chocolate consumption worldwide. A previous study, conducted at a national scale in 2018, concluded that 45% of 

cacao beans overpassed a theoretical threshold of 0.60 mg Cd per kg of dry mass. This previous survey, although carried 

out nationally, lacked representativeness in some of the producing areas. The objective of the present study was to 

overcome this limitation by sampling soil/leaves/beans at 200 farms evenly distributed and not sampled previously. 

Similar sampling strategy, as the one followed by previous report, was conducted. The geographic position of each 

sampled tree was recorded. Our results indicate that the average Cd concentrations were 0.48 (± 0.05), 2.58 (± 0.26) and 

1.05 (± 0.08) mg kg-1, in soils, leaves and beans, respectively. In general, our results agree with the ones reported by 

Arguello et. al., 2019. A further paired test analysis was performed to compare the concentration of Cd at a lower scale 

(province) between the two surveys. Only in El Oro a significant difference (p < 0.05) was computed in the two surveys. 

The concentration of Cd was factor 1.5, 2.3 and 2.25 higher in soils, leaves and beans, respectively, in the 2018 survey. 

Furthermore, Transfer Factors (TFs) were 7.35 (± 0.6) and 2.86 (0.2) in leaves/soils and beans/soils, respectively. The 

highest TF were found in El Oro (14.11 and 4.42 in leaves and beans, respectively) whereas the lowest were found in 

Los Rios (3.14 and 1.53, in leaves and beans, respectively) which confirms the influence of soil factors, such as pH. The 

data set will be completed with 200 more samples, merging all of them, will produce a representative spatial analysis 

for Cd in cacao in Ecuador. 
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How can organic and inorganic amendments reduce cadmium uptake in spinach? 

 

Yoann Viala¹, Sheila Alves¹, Carl Michel¹, David Wall¹, Mike J. McLaughlin², Denis Griffin¹, Michael Gaffney¹ 

¹ Teagasc - Irish Agriculture and Food Development Authority, ² School of Agriculture, Food & Wine, Waite 

Research Institute, The University of Adelaide 

 

yfviala@gmail.com 

 

Horticultural products, and specifically leafy vegetables, can exceed EU Cd thresholds due to naturally high geogenic 

Cd contents in soils. Furthermore, permanent infrastructure often restricts site selection to avoid Cd hotspots in soils. 

Consequently, agronomic management approaches and strategies to mitigate Cd uptake would allow the use of these 

highly productive soils. Literature indicates that the use of organic and inorganic amendments can effectively reduce 

Cd uptake for these crops by modifying soil Cd availability. However, results often differ depending on the source of 

the amendments, the soil type or the scale of the experiment, reducing the applicability of these practices outside of the 

context studied. This work aimed to identify key parameters involved in the amelioration mechanisms of amendments 

to reduce Cd uptake by spinach (Spinacia oleracea L.), as a model species in two soils. Various amendments were tested 

at different rates in pot experiments; poultry manure at 4, 8 & 15 t/ha, brown bin waste (BBW) and spent-mushroom 

compost (SMC) at 15, 30 & 50 t/ha, zeolite and spruce biochar at 5, 15 & 30 t/ha, various crop residues and red mud at 

10 & 30 t/ha. BBW and SMC were selected to assess their efficiencies in field conditions. In pots, soil and soil solution 

were sampled throughout the whole growth period and Cd speciation was determined using a multi-surface modelling 

approach. Preliminary results show that the rates applied were not consistently effective in the studied fields. However, 

results from the pot experiments suggest that these amendents are capable of substantial Cd reductions in the model crop 

(up to 60%). These discrepancies will be investigated with further characterisation of the field samples, using relevant 

parameters identified at the pot level. Indeed, a better understanding of the effect of these amendments on soil at both 

pot and field scale is necessary to provide farmers with effective mitigation strategies to reduce Cd uptake. 
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Metallothioneins - ubiquitous metal ion binding proteins 

 

Eva Freisinger 

University of Zurich 

 

freisinger@chem.uzh.ch 

 

Metallothioneins (MTs) form a superfamily of ubiquitous proteins that are characterized by an extraordinary large 

cysteine content combined with a small molecular mass (< 10 kDa). Naturally, MTs have a high affinity to thiophilic 

metal ions and hence function in the homeostasis of Zn(II) and Cu(I) (depending on the MT sub-form and the producing 

organism) as well as in the detoxification of Cd(II), Hg(II), etc. The efficiency of MTs in these processes is supported 

by another peculiarity: MTs are scarce in secondary structural elements such as α-helices and β-sheets. Hence the largely 

unfolded and highly flexible peptide chain of the metal-free (apo-) MT, also denoted as thionein, can wrap around the 

metal ions very efficiently and with little steric constraints. The cysteine residues are oriented towards an inner core 

where the metal-thiolate clusters are formed. In these clusters the metal-to-thiolate ratio is maximized by a certain 

fraction of thiolates that act as bridging ligands between two metal ions. In some MT forms from different phylae, 

mostly from plants, fungi, and bacteria, also histidine residues serve as ligands for metal ion coordination. The function 

of MTs is additionally linked to oxidative stress conditions brought about by the redox activity of the many Cys residues. 

Although these general properties are more or less shared by all MTs, the sequence diversity of MTs from the different 

kingdoms of life is immense leading to variations in metal ion binding abilities and affinities as well as in their three-

dimensional structures. In the center of this contribution are the metal ion coordination properties the members of the 

plant MT family with an additional focus on specific peculiarities found during our research endeavours such as binding 

site preferences, the role of special/additional ligands, the elucidation of metalation pathways as well as the coordination 

of unusual metal ions such as iron in some of the sub-forms studied.  
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Special Session 3: 83248 

 

Low level Cd toxicity to soybeans affects the root metabolome, cellular distribution of Cd and reveals 

high affinity protein binding sites 

 

Elisa Andresen¹, Isvett Josefina Flores-Sanchez¹, Dennis Brückner², Syed Nadeem Hussain Bokhari¹,                  

Gerald Falkenberg² and Hendrik Küpper¹ 

¹ Czech Academy of Sciences, Biology Centre, Institute of Plant Molecular Biology, ² Deutsches Elektronen-

Synchrotron (DESY) 

 

Elisa.Andresen@umbr.cas.cz 

 

Even low concentrations of Cd can be unfavourable for plants, inducing chronic toxicity, reducing biomass and yield 

and potentially enter the human food chain. We analysed non-toxic (0.5-50 nM), sublethally toxic (< 550 nM) and 

lethally toxic (3 µM) Cd concentrations in soybean plants (Andresen et al., 2020; 2023). Here we show the concentration 

dependent changes in the mechanism of Cd toxicity in soybean roots in terms of tissue-level and subcellular Cd 

localisation and Cd binding to proteins. Cd deposition was predominantly inside cortex cells (likely vacuoles) at 

sublethal concentrations, but in cell walls of the outer cortex and the vascular bundle at lethal concentrations, as 

determined by synchrotron µXRF-CT measurements. The Cd binding to proteins drastically changed too, with different 

proteins being the main targets at sublethal vs. lethal Cd toxicity. The likely high-affinity binding protein targets in roots 

were identified by protein purification from natural abundances. They were allantoinase and protein disulphide 

isomerases at low Cd, but aquaporins, peroxidases and cupredoxins dominated at higher Cd concentrations. This differed 

from previous results in leaves, where the main target was clearly the light harvesting protein LHCII (Andresen et al., 

2020). A vast change in several metabolites and lipophilic compounds indicated induction of flavonoids and 

phytoalexins as well as membrane-reorganisation. 

 

References: 

Andresen E, Flores-Sanchez IJ, Brückner D, Bokhari SNH, Falkenberg G, Küpper H. 2023. Sublethal and lethal Cd 

toxicity in soybean roots specifically affects the metabolome, Cd binding to proteins and cellular distribution of Cd. J. 

Haz. Mat. 442: 130062 

Andresen, E, Lyubenova, L, Hubaček, T., Bokhari, S.N.H., Matoušková, Š, Mijovilovich, A, Rohovec, J, Küpper, H, 

2020. Chronic exposure of soybean plants at nanomolar cadmium reveals specific additional high-affinity targets of 

cadmium toxicity. J. Exp. Bot. 71, 1628–1644 

 

Funding: COST (CA19116 “Trace metal metabolism in plants – PLANTMETALS), Ministry of Education, Youth and 

Sports of the Czech Republic with co-financing from the EU (KOROLID, CZ.02.1.01/0.0/0.0/15_003/0000336), Czech 

Academy of Sciences (RVO: 60077344). 
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Special Session 3: 83440 

 

Inter- and intraspecies differences in microbiome and transcriptome of two hyperaccumulating 

Noccaea species from Slovenia 

 

Valentina Bočaj¹, Paula Pongrac¹, Paula Pongrac², Sina Fischer³ and Matevž Likar¹ 

¹ Biotechnical faculty, University of Ljubljana, ² Jožef Stefan Institute, Ljubljana, ³ Future Food Beacon of Excellence 

and School of Biosciences, University of Nottingham 

 

valentina.bocaj@bf.uni-lj.si 

 

Hyperaccumulators are plants that can accumulate high concentrations of one or more metal(loid)s in their above-ground 

biomass, especially leaves, without showing any visible toxicity symptoms (Brooks et al., 1997). Prior studies have 

shown that the microbiome differs between compartments (i.e., different spatial niche) and may play an important role 

in hyperaccumulation (Kushwaha et al., 2022; Vogel-Mikuš et al., 2006). The resistance/tolerance genes for specific 

metal(loid) seem to be very abundant in hyperaccumulators, and their abundance increases with the increasing 

concentration of the metal(loid) in the soil (Xiao et al., 2021). We still know very little about the microbiome and 

transcriptome in hyperaccumulators and comparisons of the microbiome and/or transcriptome of closely related 

hyperaccumulators grown under the same environmental conditions remain scant. Therefore, in spring 2022, two closely 

related hyperaccumulator species, namely Noccaea praecox and Noccaea caerulescens, were sampled from two sites in 

Slovenia: a non-polluted site in Lokovec where both species co-occur and a polluted site in Žerjav where only N. praecox 

grows (Likar et al., 2010). For metagenomic analyses, bulk and rhizosphere soil were used as well as plant roots. The 

total genomic DNA of all three compartments was extracted, and shotgun metagenomic sequencing was performed by 

Macrogen company using Illumina HiSeqX platform (2 × 150 pair-end reads) according to the manufacturer's guidelines 

using the TruSeq DNA kit (Illumina). For transcriptomics, total RNA was extracted from plant leaves. Library 

construction and sequencing were performed by Macrogen using TruSeq Stranded mRNA Sample Preparation Kit 

(Illumina) and sequenced on Illumina NovaSeq6000 platform (2 × 150 paired-end settings). The analyses are currently 

underway, and results and conclusions will be presented at the conference. 
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Special Session 3: 83536 

 

Foliar uptake of Pb from atmospheric deposition is a major source of Pb accumulation in wheat grain 

 

Peiying Xue, Wenju Liu, Liuxu Feng and Peipei Gao  

 

pyxue@hebau.edu.cn 

 

Atmospheric heavy metal deposition in agroecosystems has increased recently, which poses serious risks to crop safety 

and human health via food chain. According to our previous research, wheat grains can accumulate high levels of Pb 

even when wheat is planted in soils with low levels of Pb. The Pb isotopic data of a field research showed that airborne 

Pb was the major source ( > 50%) of Pb in wheat grain. Furthermore, when wheat flag leaves were exposed to PbSO4 

at the booting stage, and much greater Pb accumulation (0.33-0.48 mg/kg) was observed in exposed wheat grain than in 

the control (P < 0.05), PbSO4 constituted most (82.80-100%) of the Pb in the wheat grain. These results confirmed the 

efficient foliar Pb uptake and transfer from atmospheric deposition into wheat grain. Field-culture experiments with 57 

winter wheat cultivars were conducted at two Pb contaminated sites in North China to screen low Pb accumulated 

cultivars. They showed significant difference in Pb accumulation in wheat grain, ranging from 0.55-0.07 mg/kg (Site 

1), 0.40-0.07 mg/kg (Site 2), which indicated that selection of wheat cultivars accumulating low levels of Pb could 

provide an efficient path to compliant with the grain Pb limits of the Chinese Food Safety Standards (0.2 mg/kg, 

GB2762-2017). In addition, 25 wheat cultivars were selected to further investigate their root and leaf Pb uptake abilities. 

The high differences of Pb accumulation in wheat grain mainly resulted from different ability of foliar uptake of Pb 

rather than that of root uptake. Leaf Pb concentration correlated positively with stomatal width and trichome length. A 

hydroponic experiment also conducted to prove that the open stoma is an important pathway of foliar particulate Pb into 

spikes of wheat even after short-term exposure for 6 h, contributing 33%-46%. This would be a new sight for 

understanding the contribution of airborne Pb to Pb accumulation in wheat grains. 
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Special Session 3: 83650 

 

Exploiting plant rhizosphere interactions for restoration of mercury contaminated soils 

 

Dorina Podar¹, Cristina Lorena Văcar², Dana Emanuela Tiodar¹, Mihai Cristian Grimm¹, Mihaela GĂLEAN¹, Enikö 

COVACI¹ and Tiberiu FRENȚIU¹ 

¹ Babes-Bolyai University; ² Babeș-Bolyai University 

 

dorina.podar@ubbcluj.ro 

 

Mercury (Hg) pollution is a global threat to human and environmental health because of its toxicity, mobility and long-

term persistence. Although Hg production has dropped, former mines and chloralkali plants represent constant sources 

of Hg pollution. Highly costly engineer-based technologies are used for Hg heavily contaminated areas, but they are not 

suitable for agricultural or extensive contaminated soils. Phytomanagement approaches using plants and rhizosphere-

associated microorganism can be employed to develop safer and long-term sustainable strategies for restoring soil health 

and resilience. Within the current research we focused on i) assessing the metal resistance strategies of native plants 

colonizing a polymetallic Hg contaminated site and on ii) identifying rhizosphere-associate microorganisms (bacteria 

and fungi) that can assist plant growth under Hg contamination. Ruderal plant species, inhabiting a highly Hg 

contaminated sites, were screened for their Hg and other metals concentrations and classified according to their 

phytoremediation traits. The bacteria and fungi biodiversity of the plants’ rhizosphere was evaluated for it could provide 

insights into the feasibility of a microorganism-assisted phytomanagement strategies. Cultivable rhizosphere 

microorganisms, bacteria and fungi, were assessed for their phenotypic resistance to Hg and to other metal contaminates. 

Hg-resistant bacteria were further screened for their ability to produce plant growth promoting compounds such as auxin, 

siderophores and ammonia. A selected plant species was investigated on its own or in association with a bacterium, a 

fungus or a combination of the two microorganisms, for its capacity to grow and possibly decontaminated a Hg polluted 

soil. The Hg-resistance mechanism of the fungi is further investigated. 
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Special Session 3: 83666 

 

In search of mechanisms underlying the redistribution of Zn in tobacco under Zn-deficiency 

conditions in medium 

 

Nina Adamek-Siwirykow, Beata Bakera, Magdalena Pypka, Gabriela Pavlova and Anna Barabasz  

University of Warsaw 

 

a.barabasz@uw.edu.pl 

 

Root/shoot Zn distribution in plants is conditioned upon metal concentration in medium. In not-Zn-hyperaccumulating 

plants shoot/root Zn concentation ratio is higher in plants growing in Zn-deficiency than in plants growing in optimal 

conditions. We showed that Zn status-dependent root/shoot distribution of Zn was related to distinct metal accumulation 

in root parts. In plants growing in optimal Zn conditions the highest Zn concentration was observed in middle parts, and 

in Zn-deficiency in apicals ones. The aim of our research was to determine whether and how fast shoot/root Zn amount 

ration increase and the Zn concentration in the middle part of the roots decreases after transplanting plants to Zn-

deficient conditions and what genes participate in this process. Our experiments showed that in 5,5-weeks old tobacco 

cultivated hydroponically in sufficient conditions (preculture) about 40% of the accumulated Zn was detected in the 

shoots. The transfer of the precultured plants to the Zn-deficient medium and their additional 6-day cultivation resulted 

in a change in the root/shoot Zn distribution. 50% of the accumulated Zn was detected in the shoots. In plants continuing 

further growth in sufficient conditions, approx. 35% of the accumulated Zn was in the shoots. Both plants grown in the 

sufficient and Zn-deficient conditions increased their dry weight approx. 4.5 times. The analysis of the middle part of 

the main roots showed that the Zn concentration in these root parts constituted 30% (deficiency) or 63% (sufficiency) 

of the Zn concentration detected in precultured plants. These results confirm that the middle part of the main root is a 

reservoir of Zn, which can then be redistributed to other parts of the plants. Searching for genes participating in the Zn 

redistribution from the middle part of the root, RNAseq analysis was performer. Several genes potentially involved in 

Zn redistribution were selected. On the conference obtained results will be presented. 

 

Funding: project no. 2019/35/B/NZ9/04338 financially supported by the National Science Centre, Poland. 
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Special Session 3: 83682 

 

Physiological response in relation to nickel hyperaccumulation in Bornmuellera emarginata cultivated 

in hydroponics over a nickel gradient 

 

Serigne LY¹, Guillaume Echevarria², Mark G.M. Aarts³, Stéphanie Ouvrard¹ and Antony van der Ent¹ 

¹ Laboratoire de Sol et Environnement, ² Econick, ³ Laboratory of Genetics 

 

serigne-ndiawar.ly@univ-lorraine.fr 

 

The nickel hyperaccumulator plant Bornmuellera emarginata (Brassicaceae) is a wild species highly adapted to thrive 

on nickel-rich ultramafic soils in the Balkans. The population from Euboea Island (Greece) was subjected to an 

ecophysiological investigation to determine responses to exposure to different nickel concentrations (0, 1, 10 and 100 

µM Ni) in hydroponic solution. Nickel hyperaccumulation (1000 mg kg-1) was confirmed in this population and occurred 

at a dose rate of 10 µM in hydroponic solution. Foliar nickel accumulation was strongly correlated (r = 0.99) to the 

nickel concentration in the solution. The results showed that the Translocation Factors and Bioconcentration Factors 

were much greater than 1, even in the lowest exposure level of 1 µM Ni. This confirms the enhanced ability of B. 

emarginata to accumulate nickel over a wide concentration range. The results show that nickel exposure up 100 µM Ni 

induces only mild physiological stress symptoms. Bornmuellera emarginata is shown to reduce the relative water 

content of the leaves in response to nickel, as this parameter was significantly different from the control (0 µM). This 

mechanism facilitates this species to maintain the same biomass (of the leaves and roots) in all of the nickel treatment 

levels, which did not differ significantly for this parameter. The potential for this species to accumulate Zn could be 

explored (as well as interactions between Ni and Zn). 
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Special Session 3: 83685 

 

Insights of cadmium isotopes in the soil-plant system to understand the remediation processes of 

contaminated soil using zero-valent iron nanoparticles 

 

Diego Baragaño¹, Blanca Astray², Gildas Ratié³, Vladislav Chrastný² and Michael Komárek² 

¹ University of Cantabria, ² Czech University of Life Sciences Prague (CZU) ³, Université d'Orléans-ISTO 

 

diego.baragano@unican.es 

 

Nanoscale zero-valent iron (nZVI) is effective for Cd-polluted soil remediation by reducing metal mobility and 

immobilizing Cd via sorption to newly-formed Fe oxides. However, the interactions between nZVI and Cd in the soil-

plant system remain unknown, thus we propose the analysis of Cd isotopic composition for understanding the soil 

remediation process. Pot and rhizobox experiments were performed using untreated and nZVI-treated soils, with and 

without Agrostis capillaris, an autochthonous plant growing in the polluted site, to evaluate the effects of nZVI, plants, 

and their combination on Cd isotopic composition. After 45 days, plants (aerial parts in both, and also roots from 

rhizoboxes), soils and pore water samples were collected for measuring Cd concentration and Cd isotope ratios using a 

thermal ionization mass spectrometer (Triton, Thermo Fisher) based on the double spike method. The results revealed 

that the application of nZVI decreased the Cd concentration from 145 to 33 µg/L in pore water, and preferentially 

immobilized the light Cd isotopes pool (δ114/110Cd=0.20‰ to 0.55‰ respectively). Furthermore, a decrease in Cd 

concentration in aerial part was also detected (from 22 to 9 mg/kg) and plants prefer extracting similar pool of Cd 

isotopes in both cases (δ114/110Cd=0.21‰). Roots in untreated soil showed again similar Cd isotopic composition to 

pore water and aerial parts, although a high difference was found for the roots in the nZVI-treated soil (δ114/110Cd=-

0.22‰). However, this value did not reflect Cd uptake by roots due to the presence of nZVI and newly-formed Fe oxide 

particles in these tissues, as was observed by electron microscope. Therefore, the isotopic composition corresponds to 

the Cd immobilized in these Fe-based particles, with an enrichment of heavier isotopes of Cd, consistent with the 

scientific literature. In conclusion, our results indicate that soil amendments such as nZVI preferentially immobilize 

certain pools of Cd isotopes. This highlights the usefulness of analyzing Cd isotope composition in understanding soil 

remediation and selecting appropriate amendments for specific plant species. 
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Special Session 3: 83691 

 

Possibility of using iodoquinolines to enrich of kale (Brassica oleracea L. var. sabellica) with iodine 

 

Sylwester Smoleń¹, Iwona Kowalska¹, Aneta Koronowicz¹, Anna Wisła-Świder¹, Katarzyna Krawczyk¹                

Joanna Krzemińska¹, Daniel Kiełbasa and Joanna Pitala¹ 

¹ University of Agriculture in Krakow 

 

s.smolen@urk.edu.pl 

 

Two varieties of kale cv. ‘Oldenbor F1’ and ‘Redbor F1’ was grown in a hydroponic study in a greenhouse. The 

following treatments were the subject of the experiment: 1) Control; 2) quinoline /without iodine  negative control for 

iodoquinolines/, 3) KIO3; 4) 8-Hydroxy-7-iodo-5-quinolinesulfonic acid; 5) 5-Chloro-7-iodo-8-quinolinol and 6) 5,7-

dijodo-8-chinol. Their applications in 10 µM concentrations started at the stage of 4-5 true leaves and was continually 

until harvesting at phase of 13-14 true leaves. The tested compounds had no effect on plant biomass. The content of 

iodine in kale plants after the application of individual iodine compounds was as follows: 8-Hydroxy-7-iodo-5-

quinolinesulfonic acid=KIO3>5,7-dijodo-8-chinol>5-Chloro-7-iodo-8-quinolinol>quinoline>control.  The performed 

analyzes (including ICP-MS/MS, ICP-OES, LC-MS/MS, capillary electrophoresis techniques) showed different 

chemical composition of kale plants. In summary iodoquinolines were taken up by the roots and transported to kale 

leaves. These compounds can be used to enrich plants with iodine. 

 

Acknowledgements: grant No.: UMO-2020/37/B/NZ9/02710 NCN, Poland. The use of individual iodoquinolines for 

enriching plants with iodine is proprietary by several patent applications in the Polish Patent Office. 
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Special Session 3: 83778 

 

Does biochar amendment to agricultural soil cause a risk of the formation of environmentally 

persistent free radicals? 

 

Edita Baltrėnaitė-Gedienė¹, Slawomir Lomnicki² and Chuqi Guo² 

¹ Vilnius Gediminas Technical University, ² Louisiana State University 

 

edita.baltrenaite-gediene@vilniustech.lt 

 

Environmentally persistent free radicals (EPFRs) have been considered emerging contaminants due to their harmful 

effects on human health. The adverse health impacts are attributed to oxidative stress induced by EPFRs through forming 

of reactive oxygen species (ROS). Biochar is widely considered a valuable organic amendment for agricultural and 

environmental remediation purposes. Biochar production via pyrolysis entails the thermal decomposition of organic 

compounds in the feedstock, with the carbonisation conditions and feedstock type assisting the formation of EPFRs. 

When biochar is applied on the soil, EPFRs may promote the formation of ROS, and thus influence the transformation 

of organic and inorganic contaminants in soil and impact the rhizosphere. Therefore, agricultural soils may become a 

source of EPFRs. However, the fate and transformations of EPFRs in soils after biochar amendment needs to be better 

understood and studied. Different soil cultivation types, the addition of fertilisers and variation in biochar input, on the 

one hand, and the presence of metals in soil, biochar and fertilisers, on the other hand, will be discussed to provide 

different conditions for EPFRs formation, accumulation and fate in agricultural soils. 
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Special Session 3: 83791 

 

Zinc biofortification in broccoli and broccolini: Effects on plant growth and mineral composition 

 

Maria J. Poblaciones¹, Angelica Rivera-Martin¹, Dolores Reynolds-Marzal¹, Rocio Velazquez¹ and Martin Broadley² 

¹ Extremadura University, ² Rothamsted Research Ltd 

 

majops@unex.es 

 

Agronomic zinc (Zn) biofortification of crops could help to alleviate dietary Zn deficiency, which is likely to affect 

more than one billion people worldwide. To evaluate the efficiency of agronomic Zn biofortification in the Brassica 

genus, broc¬coli and broccolini – a new hybrid crop variety derived from a cross between kalian cabbage and broccoli 

were tested with four different treatments: i) no Zn application (Control); ii) soil application of 5 mg kg-1 ZnSO4•7 H2O 

(Soil); iii) two sprays (15 mL pot-1 each) of 0.25% (w/v) ZnSO4•7 H2O in broccoli and an unique spray (15 mL pot-1 

each) of 0.25% (w/v) ZnSO4•7 H2O application in broccolini (Foliar); iv) and soil + foliar combination (Soil+Foliar). 

In broccoli, the florets were harvested at maturity but in broccolini, florets were harvested in four sequential harvests, 

being a decrease in both growth and leaf composition of Zn, Ca, Fe and Mg. Soil Zn ap¬plication increased Zn-DTPA 

concentration by more than 3.5-times in both crops, but did not affect plant Zn concentration or plant growth except in 

broccolini, where the floret production was lightly increased. In broccoli, foliar application increased Zn concentration 

in stem+leaves and florets of 12- and 2.5-fold in Foliar and Soil+Foliar treatments, respectively, with decreased PA:Zn 

molar ratios, and in broccolini, foliar Zn application increased stem + leaves and floret Zn concentration by 78 and 23 

mg Zn kg-1, respectively, with a better bioavailability. Boiling reduced Zn concentration by 40% and 19% in broccoli 

and broccolini, respectively, along with a decrease of other mineral nutrients but increased bioavailability by decreasing 

the phytic acid concentration. Therefore, both entire plants could constitute a good nutritional source for animals and 

humans not only for Zn but also for other nutrients as Ca, K, Mg, P, S, Fe, Mn and Se. 
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Relationship between metals in Noccaea caerulescens Monte Prinzera 

 

 Giovanni Dal Corso, Elisa Fasani, Anita Zamboni and Antonella Furini  

University of Verona, Italy 

 

giovanni.dalcorso@univr.it 

 

Environmental pollution has substantially increased the presence of heavy metals (HMs) in the biosphere, posing threats 

to all forms of life. Plants have evolved various degrees of tolerance to HMs, to survive and grow in contaminated areas. 

Worth of note is the evolution of the hypertolerance and hyperaccumulation traits. The metallicolous population 

Noccaea caerulescens of Monte Prinzera (MP) (Northern Appennines, Italy) is an example of Nickel hyperaccumulator.  

N. caerulescens MP plants were cultivated in hydroponic culture, in nutrient solution amended with 10 µM NiSO4 and 

submitted to different treatments: control; absence of Fe, absence of Zn, addition of 100 µM NiSO4; 100 µM ZnSO4 and 

50 µM CoSO4. After three weeks, metal accumulation was measured in both shoots and roots, and expression of genes 

coding for metal transporters was analyzed by Real Time PCR. Preliminary results show that increased Ni concentrations 

in the growth media repress Fe, Zn and Mn accumulation in leaves, while enhancing Ni and Co accumulation. In roots, 

100 µM NiSO4 enhanced Ni accumulation, pointing to an effect of Ni excess in reducing the root-to-shoot Fe transport 

rather that reducing its root uptake. The treatment with Co did not influence Ni accumulation, while reducing the 

accumulation of Zn, Fe and Mn in leaves. The expression of HMA4, a plasma membrane protein involved in Zn 

transport, is induced in leaves and downregulated in roots by Ni excess. The expression of IREG2, involved in Ni 

translocation into the vacuole, is enhanced in shoots downregulated in roots of Ni-treated plants, supporting a role of 

IREG2 in Ni detoxification in the above-ground tissues. Fe deficiency seems to downregulate IREG2 shoots expression, 

while inducing its overexpression in roots. IRT1, involved in Fe absorption, was induced in roots upon both Ni excess 

and Fe deficiency. Further investigation will be performed on the expression of the AtFIT1 homologous, involved in Fe 

sensing. Also, the amount of the metal chelator nicotianamine will be analyzed. 
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The ‘metal hyperaccumulator’ syndrome: insights from cross-species comparative approaches 

 

Ute Krämer, Hassan Ahmadi, Romario Jose Fernandes de Melo, Bjoern Pietzenuk, Lara Suckut and Nadezda Janina 

Ruhr University Bochum 

 

ute.kraemer@ruhr-uni-bochum.de 
 

The zinc and cadmium hyperaccumulator Arabidopsis halleri is an outcrossing stoloniferous perennial which is often 

found on soils containing toxic levels zinc, cadmium and lead. Despite these distinctive life history and extreme 

physiological traits, A. halleri is among the closest relatives of the genetic model plant Arabidopsis thaliana, from which 

it diverged between 10 and 5 mio. years ago. The close phylogenetic relationship between these two species provides 

an opportunity for cross-species comparative approaches aimed at addressing the genetic and physiological basis 

underlying metal hyperaccumulation and associated hypertolerance in A. halleri. Researchers can thus also take 

advantage of knowledge, resources and methodological tools uniquely available for A. thaliana. Moreover, reference 

genome assemblies available for several sister species of A. halleri, which are non-hyperaccumulators and exhibit 

merely basal metal hypertolerance like A. thaliana, can be used to strengthen comparative genomics approaches. In our 

past work, we have used cross-species comparative transcriptomics in order to analyze how the regulation of gene 

expression is altered in A. halleri and to identify candidate genes for key roles in metal hyperaccumulation and 

hypertolerance. Several of these candidate genes have been functionally characterized using reverse genetics, among 

other approaches, by various research groups. In earlier work, we compared the genomes of A. halleri and A. thaliana 

using array comparative genome hybridization. The availability of a chromosome-scale genome assembly of A. halleri 

now greatly facilitates comparative and functional approaches in this species. We will present results from genomic 

comparisons as well as our work characterizing candidate gene functions. Understanding the molecular basis of metal 

hyperaccumulation and associated hypertolerance will be important for the future development and improvement of 

phytomining and phytoremediation technologies. 
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Phytomanagement strategies for a metal-contaminated agricultural soil to provide biomass for clean 

biofuel production – Experience from a field trial 

 

Ofori-Agyemang Felix¹, Burges Aritz¹, Waterlot Christophe¹, Mench Michel² and Oustriere Nadège¹ 

¹ Laboratoire de Génie Civil et géo-Environnement (LGCgE) -JUNIA, ² INRAE, UMR Biogeco 

 

nadege.oustriere@junia.com 

 

The use of humic and fulvic acids in combination with mycorrhizae to increase biomass production of lignocellulosic 

crops grown on metal-contaminated soils is still not sufficiently documented at field scale. This field study assessed the 

yield and metal uptake of Miscanthus x giganteus (miscanthus), Cannabis sativa L. (hemp), and Sorghum bicolor 

(sorghum) grown on a metal-contaminated agricultural soil (14 mg Cd, 731 mg Pb and 1000 mg Zn kg−1) amended with 

either humic/fulvic acids (L) or humic/fulvic acids and mycorrhizae (MxL), or without amendment (C).  After a 5-month 

growth period, the number of plants, and fresh and dry biomass of aboveground plant parts were measured. Metal 

concentrations in the aboveground plant parts and total and Ca(NO3)2
-extractable soil metals were determined. Results 

showed that the number of plants and total dry weight yields of sorghum and hemp did not significantly differ between 

the treatments, although an increasing trend was observed for the MxL treatment in sorghum and a decreasing trend for 

hemp. The shoot concentrations of Cd, Pb, and Zn for hemp and sorghum did not significantly differ between the 

treatments. However, an increasing trend occurred for the MxL treatment regarding stem Cd, Zn and Pb concentrations 

of hemp and sorghum while a decreasing trend was found for the leaves of hemp and the inflorescence of both hemp 

and sorghum as compared to the control. The Miscanthus was not harvested due to the drought period experienced after 

the rhizome transplantation, which prevented them to well sprout. Results from a second year will clarify if the MxL 

treatment is a relevant one for producing energy-crops on such metal-contaminated soil. 
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The potential of Swiss and EU wheat cultivars to close trace metal gaps in plant-based diets 

 

Matthias Wiggenhauser, Lisa Konrad, Lorenz Luder; Andreas Hund, Julie Tolu, Lenny Winkel, Lukas Kronenberg and 

Isabelle Herter-Aeberli 

 

matthias.wiggenhauser@usys.ethz.ch 

 

The FAO expects a shift towards plant-based diets in wealthy countries such as Switzerland due to environmental, 

health, and animal welfare concerns. This shift can critically reduce the intake of trace metals such as zinc (Zn), iron 

(Fe), and selenium (Se), particularly in vegan diets. As wheat could be a potential source to close this ‘micronutrient 

gap’, we measured for the first time the trace metal concentrations in Swiss wheat elite genotypes that grew on a weakly 

alkaline soil in the years 2016, 2017, and 2019. We further determined the concentrations of phytate that decrease the 

bioavailability of Zn and Fe for humans. The concentrations in the wheat grains ranged from 16 to 28 mg kg-1 for Zn 

and 25 to 42 mg kg-1 for Fe between the different genotypes. Compared to other countries, these concentrations are 

neither high nor low. Analyses of variance revealed that the genotypes and the year of sampling had significant effects 

on these concentrations. Phytate to trace metal molar ratios were high for Zn (> 15) and Fe (> 1), indicating a low 

bioavailability. In contrast to Zn and Fe, neither the cultivar nor the year of sampling determined the Se concentrations 

in the grains, but the location within the field. This preliminary data set suggests that i) annual meteorological conditions 

and genotype can have a strong impact on Fe and Zn concentrations in wheat grains, ii) Se concentrations may depend 

more strongly on soil conditions than on wheat genotypes, and iii) there is potential to increase the bioavailability of 

trace metals in Swiss wheat through agronomic and genetic biofortification. At the conference, we plant to additionally 

present data of EU wheat genotypes (n = 80) and food-basket based calculations to estimate if biofortified wheat could 

significantly improve trace metal intake in plant-based diets.   
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Special Session 3: 84130 

 

Bacteria assisted phytoextraction of As by Pteris vittata grown on a naturally As‑rich soil 
 

Giovanna Visioli¹, Gianluigi Giannelli¹, Maria Luisa Antenozio², Patrizia Brunetti² and Maura Cardarelli² 

¹ University of Parma, ² IBPM‑CNR and University La Sapienza, Rome 

 

gianluigi.giannelli@unipr.it 

 

The study of areas characterized by hydrothermal phenomena is particularly important because of the excessive 

exploitation of deep aquifers which lead to the mobilization of various elements including arsenic (As). The naturally 

As-rich soil in the Viterbo area named Bagnaccio (Lazio region, Italy) is characterized by an average As concentration 

of 750 mg kg−1, of which 28% is bioavailable. A high concentration of As in the hyperaccumulator fern Pteris vittata 

was detectable in fronds (5,000 mg kg−1), after 5.5 months of growth on Bagnaccio soil. To evaluate the possible 

contribution of soil microorganisms in As phytoextraction, sixteen arsenate-tolerant bacterial strains were isolated from 

P. vittata roots. Most of them belong to the Bacillus genus, and only two have been previously associated with As-rich 

soils. Six of the isolated bacteria were highly As-resistant (> 100 mM), and among them two were homologous to 

Bacillus simplex (PVr_2) and Bacillus halosaccharovorans (PVr_17), two others homologous to Paenarthrobacter 

ureafaciens (PVr_5) and Beijerinckia fluminensis (PVr_9) produced a high amount of IAA and siderophores; the last 

two were homologous  to Acinetobacter schindleri (PVr_15 and PVr_16). Strains PVr_5 (Paenarthrobacter 

ureafaciens) and PVr_15 (Acinetobacter schindleri) also contained the arsenate reductase gene (ars C). In addition, 

when inoculated on Arabidopsis thaliana seedlings, in the absence of As, strain PVr_9 showed an important growth-

promoting effect as well as a high antifungal activity. P. vittata plants grown on Bagnaccio soil have been inoculated 

with different combinations of bacterial strains: 1) the six bacterial strains together, 2) PVr_5 and PVr_15 together, 3) 

and individually PVr_9, PVr_5 and PVr_15. Preliminary results showed a positive effect of PVr_9, on P.vittata growth 

and on As phytoextraction. Further results obtained by these experiments will be presented and bacterial strains potential 

capacity to enhance P. vittata growth and As accumulation will be discussed. 
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Special Session 3: 84136 

 

Revealing the role of manganese and zinc in mite galls induced on the leaves of Tilia cordata 

 

Filis Morina¹, Andela Kuvelja¹, Ana Mijovilovich¹, Gerald Falkenberg², Dennis Brückner², Syed Nadeem Hussain 

Bokhari¹, Miloš Mojović³, Djura Nakarada³ and Hendrik Küpper¹ 

¹ Czech Academy of Sciences, Biology Centre, Institute of Plant Molecular Biology, Laboratory of Plant Biophysics 

& Biochemistry, ² Deutsches Elektronen-Synchrotron DESY, ³ University of Belgrade, Faculty of Physical Chemistry, 

Belgrade, Serbia 

 

morina@umbr.cas.cz 

 

Galls are remarkable examples of biochemical, physiological and morphological changes of plant organs induced by 

various organisms. Gall-inducing mites are economically important pests of grasses, agricultural and ornamental crops. 

They can considerably affect the plant physiology and production. Gall-mite feeding induces local cell hypertrophy and 

tissue hyperplasia, as well as changes in the chemical composition by yet unknown mechanisms. Several species from 

the family Eriophyidae induce nail galls and patch erinea specifically on the leaves of linden.   

In the current study, high resolution µXRF tomography of intact frozen-hydrated galls showed that Mn in nail galls 

accumulated in secretory cells, idioblasts, while in erinea it was mostly localized in the cell walls of trichomes at the 

abaxial leaf side. Besides Mn, we revealed redistribution of Fe from palisade cells to idioblasts, and Zn and Cu to the 

nutritive tissue indicating specific functions of these elements. MicroXANES tomography showed that Mn 

complexation differed the most in the nutritive tissue compared to Mn-loaded idioblasts, parenchyma or epidermis. EPR 

analyses showed increased accumulation of Mn2+ bound to proteins and LMW ligands in the nail galls, as well as higher 

affinity of isolated erinea cell walls for Mn binding. Transcriptomic analyses showed upregulation of germin-like 

proteins (Mn cofactor) in both type of galls, as well as upregulation of several metal transporters, while HPLC-ICP/MS 

analyses showed accumulation of Mn and Zn in the membrane-bound proteins in the nail galls. The aims of our ongoing 

work are to reveal metal-binding proteins and low molecular weight compounds in different tissues of galls and to 

determine their function, whether (and which) metals accumulate to accommodate the mite development and 

reproduction, or they are part of plant defence response. 

 
Funding: COST (CA19116 “Trace metal metabolism in plants – PLANTMETALS), Ministry of Education, Youth and 

Sports of the Czech Republic with co-financing from the EU (KOROLID, CZ.02.1.01/0.0/0.0/15_003/0000336), Czech 

Academy of Sciences (RVO: 60077344). 
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Special Session 3: 84209 

 

A tricky journey: characterizing ZIP transporters in the hyperaccumulator Arabidopsis halleri 

 

Julien Spielmann¹, Hassan Ahmadi², Maxime Scheepers¹, Michael Weber², Sarah Nitsche², Patrick Motte¹, Stephan 

Clemens² and Marc Hanikenne¹ 

¹ University of Liège (ULiège), ² University of Bayreuth 

 

marc.hanikenne@uliege.be  

 

Plants have the ability to colonize highly diverse environments. The zinc and cadmium hyperaccumulator Arabidopsis 

halleri has adapted to establish populations on soils covering an extreme range of metal availabilities. Although several 

ZIP transporter-encoding genes are among candidate genes that are constitutively highly expressed in roots and shoots 

of A. halleri, their contribution to zinc and cadmium hypertolerance and hyperaccumulation remains limited. Based on 

data available in the literature, we made two hypotheses, namely that: zinc deficiency-responding ZIPs are essential for 

zinc hyperaccumulation, in particular for root uptake and radial transfer, and (ii) ZIP6 is key for root-to-shoot zinc 

transfer. To challenge those hypotheses, bzip19/bzip23 (i.e. two transcription factors controlling zinc deficiency-

inducible ZIP genes) and zip6 knock-down A. halleri lines, as well as overexpression lines in A. thaliana, were 

generated. These transgenics displayed unexpected zinc and cadmium accumulation and tolerance phenotypes: zip6 A. 

halleri lines showed increased cadmium tolerance, whereas bzip19/bzip23 A. halleri plants displayed increased zinc and 

cadmium accumulation combined with cadmium sensitivity. Based on these observations, we will discuss the functional 

redundancy that exists among hyperaccumulation mechanisms and how hyperaccumulation remains a suboptimal 

process. 
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Special Session 3: 84211 

 

Root growth response to localized selenium enrichment in soil: a comparison between 

hyperaccumulator and non-accumulator species 

 

Mirko Salinitro, Sofia Montanari and Annalisa Tassoni  

University of Bologna 

 

mirko.salinitro2@unibo.it  

 

Plant root foraging is a process that consist of roots preferential proliferation towards the soil microenvironment in 

which the resources are more abundant for plant itself. This process has been documented for many hyperaccumulator 

species which have the ability to modify their root architecture in presence of the accumulated element. To date, data 

on Se-hyperaccumulators root foraging are still rare and mostly regards Neptunia amplexicaulis.   

The aim of this study was to determine whether the Se-hyperaccumulator species Stanleya pinnata and Astragalus 

bisulcatus actively forage for selenate (SeO2
4-) or selenite (SeO2

3-) in soils, compared to the non-accumulator species 

Brassica juncea and Medicago sativa. 

Plants were grown in rhizotrons half-filled with Se-enriched soil (in form of selenate or selenite, 30 mg/kg) and half-

filled with control soil. Young seedlings were transferred at the interface between the two soils and grown for three 

weeks.  Root development was evaluated through image analysis. 

The Se-hyperaccumulator S. pinnata, when grown in presence of selenate, developed the 76 % of roots in the selenate-

enriched half and the 24% of roots in the control half. No significant differences were detected for selenite treatment. 

The Se-hyperaccumulator A. bisulcatus did not show any sign of root foraging either in selenite and selenate treatment, 

developing an equal density of root in Se-enriched soil and the control halves. The non-accumulator B. juncea, and M. 

sativa grown under the same condition did not show any preferential distribution of roots either for selenate or selenite 

treatments. In few rhizotrons the two species showed signs of Se-avoidance developing more roots in the control part 

compared to the Se-enriched one, despite these results were not statistically significant. 
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Special Session 3: 84219 

 

Locked up inside the vessels: Rare earth elements are transferred and stored in the conductive tissues 

of the accumulating fern Dryopteris erythrosora 

 

Marie Le Jean¹, Emmanuelle Montargès-Pelletier², Camille Rivard³, Nicolas Grosjean⁴, Michel CHALOT⁵, Delphine 

Vantelon⁶, Kathryn M. Spiers⁷ and Damien Blaudez¹ 

¹ Université de Lorraine, CNRS, UMR7360 – LIEC, ² CNRS, Université de Lorraine, UMR7360 – LIEC,                     

³ Synchrotron  SOLEIL, INRAe, TRANSFORM, ⁴ Joint Genome Institute, Lawrence Berkeley National Laboratory,   

⁵ Université de Franche-Comté, UMR 6249 – LCE, ⁶ Synchrotron SOLEIL, ⁷ Deutsches Elektronen Synchrotron 

DESY 

 

marie.lejean@univ-lorraine.fr 

 

Rare earth elements (REEs) are strategic metals strongly involved in low-carbon energy conversion. However, these 

emerging contaminants are increasingly disseminated into ecosystems, raising concern regarding their toxicity. REE-

accumulating plants are crucial subjects to better understand REE transfer to the trophic chain but are also promising 

phytoremediation tools. In this analysis, we deciphered REE accumulation sites in the REE-accumulating fern 

Dryopteris erythrosora by synchrotron X-ray μfluorescence (μXRF). This technique allows a high-resolution and in situ 

analysis of fresh samples or frozen-hydrated cross sections of different organs of the plant. In the sporophyte, REEs 

were translocated from the roots to the fronds by the xylem sap and were stored within the xylem conductive system. 

The comparison of REE distribution and accumulation levels in the healthy and necrotic parts of the frond shed light on 

the differential mobility between light and heavy REEs. Furthermore, the comparison emphasized that necrotized areas 

were not the main REE-accumulating sites. Finally, the absence of cell-to-cell mobility of REEs in the gametophyte 

suggested the absence of REE-compatible transporters in photosynthetic tissues. These results provide valuable 

knowledge on the physiology of REE-accumulating ferns to understand the REE cycle in biological systems and the 

expansion of phytotechnologies for REE-enriched or -contaminated soils. 
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Special Session 3: 84225 

 

Mycorrhizal and endophytic fungal symbionts for improving plant fitness and modulating metal 

accumulation in the context of the phytomanagement of metal-contaminated sites 

 

Damien Blaudez¹, Charlotte Berthelot², Loic Yung³, Thierry Béguiristain¹, Catherine Sirguey¹ and Michel Chalot⁴ 

¹ Université de Lorraine, ² CTIFL, ³ Université de Haute Alsace, ⁴ Université de Franche-Comté 

 

damien.blaudez@univ-lorraine.fr 

 

Plant roots establish intimate associations with a variety of fungi such endo-, ectomycorrhizal fungi and fungal 

endophytes. Root endophytic associations involve a diverse array of fungi, the best known are dark septate endophytes 

(DSEs). DSEs are a polyphyletic assemblage of ascomycetous fungi whose structure is characterized by dark melanized 

hyphae and microsclerotia located in plant roots. Associations with DSEs are commonly found in various biomes and 

plant taxa. Although DSEs are commonly recorded, the effects of their colonization on plant growth and fitness are 

unclear. Here, we show from lab mesocosms to large-scale field experiments that they can promote plant growth by 

improving nutrition (e.g. solubilization of minerals, degradation of complex carbon compounds), produce secondary 

metabolites (e.g. phytohormones, volatile organic compounds) and protect hosts against phytopathogens. More 

particularly, the high tolerance of DSEs to abiotic stresses and their relatively high abundance in trace element-

contaminated and other stressful habitats suggest that they may have an important function for host survival under these 

conditions. The accumulation of high concentrations of melanin in hyphae is characteristic to this group and could reflect 

a common response to different environmental pressures. According to the different plant species they associate with, 

metal tolerance and/or accumulation can be modified. Finally, we outline why additional research is required in the 

emerging field of plant–fungus interactions to address future challenges in the context of the phytomanagement of metal-

contaminated sites, especially for purposes of biomass production, agromining/phytoextraction and phytostabilization. 
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Special Session 3: 84236 

 

Detection of 8-OHG in root cells of soybean seedlings exposed to cadmium 

 

Jagna Chmielowska-Bąk¹, Jarosław Gzyl² and Joanna Deckert 

¹ Adam Mickiewicz University, ² Adam Mickiewicz University, Poznań 

 

jagna.chmielowska@amu.edu.pl 

 

Accumulation of reactive oxygen species (ROS) is one of the universal reactions of plants to metals. These compounds 

mediate oxidation of nucleic acids, wherein 8-hydroxyguanosine (8-OHG, 8-oxoG) is the most common oxidatively 

modified nucleotide. The individual reports show that cadmium (Cd) induces formation of 8-OHG in the transcripts 

isolated from the roots of soybean seedlings. The observed induction was an early response observed within the first 

three hours of metal treatment.  

The aim of present study was detection of 8-OHG in the roots of soybean seedlings exposed for 2 h to Cd at the 

concentration of 10 mgxL-1 by the means of microscopic immunofluorescence techniques. The results revealed that 8-

OHG is accumulated mainly in the inner layers of cortex tissue (including endodermis) and primary phloem tissue. A 

relatively weaker signal has been also derived from the single cells located in cortical parenchyma and epidermis. In a 

subsequent steps of the research an attempt will be made to distinguish between the signal derived from RNA (8-OHG) 

and DNA (8-OHdG) molecules.  

 
Funding: The research was financed by Polish National Science Centre in frame of the project number 

2019/33/B/NZ9/00058. 
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Special Session 3: 84315 

 

How arsenic affects activities of important enzymes involved in the phenylpropaniod pathway in 

maize grown with silicon 

 

Adriana Mišúthová, Zuzana Lukačová and Marek Vaculík 

Faculty of Natural Sciences of the Comenius University, Bratislava, Slovakia 

 

a.misuthova@gmail.com 

 

One of the biggest problems in the world today is environmental pollution. The impact of abiotic stress on plants is one 

of the biggest challenges of current research in plant physiology. Both arsenic (As) and silicon (Si) are metalloids - 

although the first one is toxic in general, the latter one is considered as beneficial for plants suffering from various kinds 

of stress. The aim of our work was mainly to compare two hybrids of Zea mays (L.) Tweetor (higher drought tolerance) 

and Luciana (sensitive to drought) which were exposed to toxic As alone (75 uM or 150 uM) or in combination with Si. 

We focused mainly on the shoots (specifically the first and the second leaf which were separated to blades and sheaths). 

We mainly monitored the activity of enzymes involved in the phenylpropanoid pathway – polyphenol oxidase (PPO) 

and peroxidase (G-POX), and selected related metabolites, like anthocyanins and total phenolics. The results showed 

that the activity of PPO and also G-POX was significantly higher in the hybrid Tweetor in As treatments, and Si affected 

the activity of these enzymes. Both anthocyanins and phenolics occurred to a higher extent mainly in the Tweetor hybrid, 

but anthocyanins were most abundant in the leaf sheaths and phenolics in the blades. The concentration of anthocyanins 

and phenolics increased with increase of As, and Si reduced their accumulation. From our results, we assume that 

increasing the activities of important enzymes in Tweetor hybrid may be one of its defense mechanisms against toxic 

arsenic, which is probably also related to its higher tolerance to drought.  

 
Funding: This work was supported by the Grant Slovak Research and Development Agency under the contract No. 

APVV-17-0164, APVV SK-CN-21-0034, Grant Agency VEGA, No. VEGA 1/0472/22 and by Grant of Comenius 

University in Bratislava for young researchers UK/232/2021 and UK/190/2022. 
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Special Session 3: 84323 

 

Molecular response of tobacco plants to heterogenous Zn availability 

 

Magdalena Pypka and Oskar Siemianowski 

University of Warsaw 

 

m.pypka@student.uw.edu.pl 

 

Zn is a key trace element for the growth and development of all living organisms and plants are the main source (directly 

or indirectly) of Zn in the diet. Zn distribution in soil is heterogeneous and it changes during growth season, reducing 

plant Zn uptake efficiency. Nevertheless, plants can adapt their growth to the signals coming from the environment (i.e. 

gravity, light, availability of water and nutrients). In the case of Zn, it was shown that plants can detect Zn patches in 

the soil and alter their root growth to optimize Zn uptake. The Zinc-tropism (a kind of chemotropism) is not well 

understood. However, the successful detangling of Zn-tropic mechanisms in plants may pave the way for the new Zn 

biofortification approaches, including increasing the efficiency of Zn fertilizers. 

My research aims to understand root Zinc-tropism, its relation to plant Zn-status and Zn homeostasis. To do that I use 

tobacco (Nicotiana tabacum var Xanthi) plants grown in standard agar media and Transparent Soil (TS). TS is hydrogel-

based 3D medium that mimic soil. It has modular grain size, access to the air pockets, holds water and could be an 

adjustable nutrient source. Using TS allows me to heterogeneously distribute Zn and track the growth of roots, 

identifying those that grow toward the Zn source. Using molecular methods I identify potential Zn-tropic genes that 

could play a role in Zn detection and mechanisms that allow the root tip to change its growth direction along the Zn 

gradient. The initial results of my experiments suggest that various Zn placements in the soil affect the growth of the 

roots and have a specific impact on the expression of Zn transporters (ZIPs).    

 
Funding: The research is realized with the funds of the National Science Center as part of the SONATA project 

(2020/39/D/NZ9/02393). 
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Special Session 3: 84334 

 

Application of filamentous algae and symbiotic bacteria in a model in vitro study on Cr(VI) 

bioremediation mechanisms 

 

Joanna Augustynowicz¹, Patrycja Fidelus¹, Anna Kowalczyk², Konrad Wołowski ProfTit³, Alina Wiszniewska¹ and 

Dariusz Latowski² 

¹ University of Agriculture in Krakow, ² Jagiellonian University in Krakow, ³ W. Szafer Institute of Botany, Polish 

Academy of Sciences 

 

j.augustynowicz@urk.edu.pl 

 

Cr(VI) has extremely toxic properties due to its very high bioavailability and reactivity. In our earlier work 

(Environmental Pollution 2021) we described unique “natural bioreactor” – a retention ditch contaminated with Cr(VI) 

6,000 times over the limits for more than 20 years. This “bioreactor” was a habitat for filamentous algae exhibiting 

hyperaccumulation towards Cr, among which Stigeoclonium sp. (Chlorophyceae) was found in large quantities. The aim 

of the present work was to create an original model for the study on hexavalent chromium bioremediation mechanisms 

in a biological system made of filamentous algae and accompanying bacteria. We isolated Stigeoclonium sp. from this 

real-world environment and then successfully introduced into in vitro conditions. A part of the Stigeoclonium sp. culture 

was treated with timentin - an antibiotic used in plant biotechnology with a broad spectrum of bacteriostatic and 

bactericidal activity. We detected very significant decrease in the biomass growth and the drop in the photosynthetic 

pigment contents in the algae growing after the antibiotic treatment. Interestingly, addition of Cr(VI) into the solution 

did not limit the growth of algae of the both types of cultures, though it had very pronounced impact on filament’s 

morphology stimulating their branching. Nuclei isolated from timentin-treated and untreated algal cells were used to 

assessed for DNA integrity and potential genotoxic effects of chromate. Removal of Cr from the solution and 

detoxification of Cr(VI) by its reduction to Cr(III) was also evaluated in these two types of cultures. Finally, after the 

isolation and characteristics of the symbiotic bacteria, the role of the particular isolates in the protection and/or 

stimulation of the algae during Cr(VI) bioremediation is suggested. 
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Special Session 3: 84381 

 

The Role of Biochar and boron fertilizers application on growth and Productivity of Faba bean (Vicia 

faba L). 

 

Abdel Rahman Al Tawaha 

Al Hussein Bin Talal University 

 

Abdeltawaha74@gmail.com 

 

A field study was conducted to investigate the role of Biochar and boron fertilizers application on Faba bean (Vicia faba 

L). The experimental design was factorial, with three biochar concentrations (0, 0.5, and 1 percent w/w) and four Boron 

treatments included the foliar application of four rates of boron 0, 1.0, 2.0, and 3.0 Kg B ha-1 applied at the vegetative 

stage.  The variables that were measured were seed yield per plant, number of pods per plant, number of seeds per pod, 

plant height, pod length, number of branches per plant, number of leaves per plant, seed oil percentage, seed oil 

yield/plant, seed nitrogen, seed total carbohydrates, Potassium (K) percent, Phosphorus (P) percent, and Iron (Fe) 

percent. According to the findings, Faba bean responded significantly better with biochar application in terms of yield 

and related traits, as well as mineral accumulation, in comparison to plants grown without biochar application. On the 

other hand, a high rate of Boron fertilization improves seed yield per plant, number of pods per plant, and number of 

seeds per pod. Overall, the combination of Biochar application and Boron Fertilization can improve the growth and 

productivity of faba bean plant. 
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Deciphering manganese loading in plant seeds: insight from a multimodal three-dimensional imaging 

approach combining synchrotron techniques 

 

Marie-Pierre Isaure¹, Ruiqiao Guo², Catherine Curie³, Andrea Somogyi² and Kadda Medjoubi² 

¹ Université de Pau et des Pays de l'Adour, IPREM, ² Synchrotron SOLEIL, ³ IPSiM, Univ Montpellier, CNRS, 

INRAE, Institut Agro 

 

marie-pierre.isaure@univ-pau.fr 

 

Manganese (Mn) is an essential element for plants, but its availability in soils is generally low and the plants must 

develop some specific strategies to cope with Mn shortage and deficiency. For instance, they produce a high affinity 

Mn transporter from the Natural Resistance Associated Macrophage Protein (NRAMP) family at the root surface. In 

contrast, at high concentration, Mn is toxic and the plant needs to regulate its uptake. Mn is also crucial for seeds and 

germinating plants for reasons that are not very well understood.  Moreover, the processes underlying Mn loading in the 

seeds are poorly documented. While the vacuolar Metal Tolerance Protein 8 (MTP8) transporter has been shown to play 

a role in Mn transport and accumulation in the embryo, other transporters of the NRAMP family seem to be involved 

as well.  

Pioneer work on Fe and Mn in Arabidopsis thaliana mature seeds using X-ray fluorescence microtomography (XRF 

microtomography) proved the high suitability of the technique to probe metals in intact seeds. In this work, we carried 

out a multimodal three-dimensional (3D) imaging approach combining synchrotron XRF microtomography and full 

field X-ray microtomography to study Mn loading in the seed. This combination allows the correlation between 

elemental distribution and seed structure in a non-invasive way and in intact whole seeds. We particularly focused on 

the role of NRAMP2 transporter by investigating A. thaliana seeds and knockout mutants. Our recent results will be 

presented here. 
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Geochemical study of arable soils in Armenia and the study of the degree of their clastogenicity based 

on a model test object in the soil-plant system 

 

Astghik Sukiasyan¹, Anahit Atoyants², Rimma Avalyan², Evelina Aghajanyan², Ruben Aroutiounian² and Armen 

Kirakosyan¹ 

¹ National Polytechnic University of Armenia, ² Yerevan State University, RI “Biology” 

 

sukiasyan.astghik@gmail.com 

 

The aim of this work was to combine bio-testing and geo-ecological approaches to determine the level of anthropogenic 

pollution of arable soils. The d-elements form a group (d-block) known as the transition metals (TMs). The exact 

boundaries between the TMs and the other groups of chemical elements have not yet been established. However, they 

can be classified as having the highest energy valence electron occupying the d-orbital in the electron shell. The general 

functions of TMs are related to the process of complexation between amino acids, proteins, nucleic acids, and ions of 

the respective metals. In this context, research to determine the degree of contamination of arable soils with HMs 

(especially TMs) is relevant.  The results have not been clear-cut. To interpret the results, the total contamination index 

(Zc) and other geochemical coefficients were compared. The concentration of chemical elements was taken into account 

by Clark. The bio-testing of the level of clastogenicity of the soil samples taken from the arable lands of the technogenic 

areas of Armenia was carried out with the use of the model test object Tradescantia (clone 02). According to the 

micronucleus test (Trad-MN) in the first period, (autumn season) the level of both test criteria (percentage of MN in 

tetrads and tetrads with MN) in the studied soil samples significantly increased by 1.2-2 times compared to the 

conditional background variant. The maximum increase was observed in the Hrazdan 4 sample. The values of the 

examined parameters exceeded the background level by a factor of 2. According to the results of the second period 

(spring season), the maximum increase of indicators was revealed in the Gavar 2 variant, which exceeded the 

background level by a factor of 3. The results showed that the genetic parameters were correlated with the concentrations 

of HMs. 
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Main drivers of mineral concentration in wheat grains in semi-arid climate and alkaline soil 

 

Cristina Caldelas¹, Fatima Zahra Rezzouk¹, Nieves Aparicio Gutiérrez², Maria del Carmen Díez-Fraile² and José Luis 

Araus Ortega³ 

¹ Universitat de Barcelona (UB), ² Instituto Tecnológico Agrario de Castilla y León (ITACyL), ³ Universitat de 

Barcelona 

 

criscaldelas@ub.edu 

 

The aim of this study was to test the hypothesis that genetic variability is the main driver of mineral concentration in 

wheat grain in Mediterranean conditions. We grew 12 modern winter wheat varieties in semi-arid conditions and alkaline 

soils, in two consecutive years of contrasting water availability, and at three rates of N-fertilization: 64, 104, and 130 

Kg N ha-1. Our results indicate that the genotype is the main driver of the mineral concentration in the grain in our 

conditions, especially for Ca, K, Mg, and S, but the environmental constraints can be more relevant for other minerals 

such as Fe and Zn. By contrast, the nitrogen fertilization rate had little effect. We attribute this to the fact that N was not 

a key limiting factor for nutrient acquisition in our conditions, the main issues being water scarcity or soil characteristics. 

We identified three potential nutritional deficiencies (P, Zn, and Fe), likely linked to the high soil pH. Furthermore, the 

thousand-grain weight correlated negatively with the mineral concentration in the grain, revealing the importance of 

grain shape. Our results support the notion that a dilution effect is a cause for the dwindling nutritional value of the grain 

in modern semi-dwarf wheat varieties. Among the 12 varieties tested, CH-Nara grains were highly nutritious making 

this variety a potential source of germplasm. To maximize the nutritional value of modern wheat varieties in 

Mediterranean semi-arid conditions and alkaline soils, the most effective strategy could be plant breeding, but with 

consideration of the local constraints (water, soil pH). The knowledge gained from this study will guide future breeding 

and agronomic practices in our region and contribute to guaranteeing food security in the context of climate change. 
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Special Session 3: 84562 

 

The zinc deficiency response in zinc hyperaccumulator species 

 

Feixue Liao and Ana Assunção 

University of Copenhagen 

 

feixue@plen.ku.dk  

 

Zinc (Zn) is an essential element for all living organisms. However, Zn-deficient soils are widespread globally and Zn-

deficient human diets affect about one-third of the world population. The Zn deficiency response in Arabidopsis thaliana 

is regulated by bZIP19 and bZIP23, two F group basic region leucine-zipper (F-bZIP) transcription factors which are 

also sensors of intracellular Zn concentration through their Zn-Sensor Motif (ZSM). Mutations in the ZSM of the A. 

thaliana bZIP19 lead to an increment in plant and seed Zn contents, suggesting that F-bZIPs might be an attractive target 

for Zn biofortification. Considering that Zn hyperaccumulator species naturally accumulate high concentrations of Zn 

in their leaves, it will be interesting to understand the F-bZIP-regulated Zn deficiency response in hyperaccumulator 

species and whether it can contribute to Zn biofortification in non-hyperaccumulator crops. Here, we identified and 

functionally characterized the F-bZIP homologs from two model hyperaccumulator species, Arabidopsis halleri and 

Noccaea caerulescens. Results indicate that the A. halleri AhbZIP23 and the N. caerulescens NcbZIP19/23 are the 

functional homologs of A. thaliana bZIP19/23. A phylogenetic analysis of Brassicaceae F-bZIPs reinforces their 

evolutionary conservation. The possibility that the F-bZIP-regulated Zn homeostasis might be involved in the Zn 

hyperaccumulation trait in A. halleri is discussed. 
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Special Session 3: 84612 

 

The effects of increasing doses of nitrogen on trace element content of some oriental tobacco varieties 

 

Biljana Jordanoska Shishkoska¹, Valentina Pelivanoska¹, Marija Srbinoska¹ and Viktorija Maksimova² 

¹ Scientific Tobacco Institute- Prilep, University “St. Kliment Ohridski”– Bitola, Republic of North Macedonia,           

² Faculty of Medical Sciences, Goce Delčev University, Štip, R. of North Macedonia 

 

biljana.jordanoska@uklo.edu.mk  

 

A number of soil properties, genetic potential, climate, stalk position, application of soil amendments affects the 

chemical composition of tobacco plants. Tobacco (Nicotiana tabacum L) is particularly sensitive to the quantities of 

nitrogen in soil. In the present study we evaluate the influence of increasing nitrogen rates to the chemical characteristics 

and trace element content of oriental tobacco varieties. Investigation was conducted on two different locations on 

colluvial soil type, in randomized complete block design with three replications, two nitrogen rates (20 and 30 kg/ha) 

with constant amount of phosphorus (60 kg/ha) and potassium (40 kg/ha) and four tobacco varieties (P-23, P-79, Basma 

and Elenski). Increasing content of nicotine, total nitrogen and mineral matter, and decreased content of the soluble 

sugars is observed in all varieties treated with higher nitrogen rate. In the group of 20 analyzed elements, higher doses 

of nitrogen fertilizers lead to linear increase only on the content of Ni, Fe and Co in all tobacco varieties. Zn and Cu 

content of the oriental tobacco leaves of all four variants decreased upon the lower nitrogen rate and decreased upon the 

higher dosage. The effects of nitrogen rates on the content of other elements were ambiguous, since there were uneven 

distributions without regularity. Compared to other varieties, it was found that Basma variety had the higher 

accumulation factors (BAF) for Cu, Zn, Mn and Ni. 
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Special Session 3: 84711 

 

X-ray microspectroscopy at ESRF beamline ID21: applications in plant science 

 

Hiram Castillo-Michel, Marine Cotte, Murielle Salome, Colocho-Hutarte Luis Carlos, Eduardo Villalobos-Portillo, Ida 

Fazlic and Gaetan Goulet 

European Synchrotron Radiation Facility (ESRF) 

 

castillo@esrf.fr 

 

Trace metal distribution and speciation in plants is an active research field, whether to understand metal biological roles, 

to improve food quality or to understand and prevent the accumulation of toxic metals in edible crops. This research 

domain is one of the core activities at beamline ID21 of the European Synchrotron. ID21 is a beamline dedicated to X-

ray fluorescence (XRF) mapping and X-ray absorption spectroscopy (XAS) in the tender X-ray range (2-11keV), this 

energy range allows detecting important nutrient elements (P, S, K, Ca, Mn, Fe, Cu, Zn) as well as rare earths and 

pollutants (Cd, Ag, Ce, La, Gd). A brand-new X -ray nanoscope is being installed at the beamline to complement the 

existing microscope, and it will be soon available to users. It will offer enhanced capabilities for nano-XRF mapping, 

nano XAS and hyperspectral XRF mapping. This new state-of-the-art instrument will offer higher lateral resolution 

(down to 100 nm) with better XRF detection capacities (sub-ppm), higher acquisition speed, an improved cryogenic 

sample environment, preserving user-friendless thanks to a new graphical user interface. Cryo-fixed plant samples can 

better cope with intense X-ray beams and the elemental distributions, chemical states, and sample morphologies are 

close to the in-vivo state under frozen-hydrated conditions. This presentation will highlight present and future 

capabilities at ID21 for the plant science user community. Some examples of research done at ID21 will be used to 

illustrate sample preparation protocols, and data acquisition and analysis strategies. 
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Special Session 3: 84776 

 

Antioxidant activity and metal micronutrient content of Croatian wines determined by electron spin 

resonance spectroscopy 

 

Irena Budić-Leto¹, Ana Boban¹, Kristina Smokrović² and Nadica Maltar-Strmečki² 

¹ Institute for Adriatic Crops and Karst Reclamation, ² Ruđer Bošković Institute 

 

irena@krs.hr  

 

Wine is a source of metal micronutrients in the human diet. We explored antioxidant activities and variations in the 

micronutrient content in red and wine wines produced from several commercial vineyards in the Croatian coastal region 

of Dalmatia. Samples were selected based on different grape varieties, origins, and winemaking methods. In this study, 

EPR (electron spin resonance) spectroscopy was applied because the most important feature of EPR is the ability to 

determine the concentration of radical species, such as metal ions, or the presence and reactivity of reactive species 

(ROS and/or RNS). Antioxidant activity is an expression of the amount or concentration of available antioxidants, and 

the EPR method is based on measuring the decrease in the EPR spectrum of relatively stable radicals as a result of their 

interaction with antioxidants. In this study, in all wine samples, the presence of manganese (Mn) and iron (Fe) as 

essential metal nutrients was detected by EPR spectroscopy. In addition, the optimal conditions for EPR investigation 

of the antioxidant activity of wine samples were investigated to evaluate the quality of wines. A significant difference 

in the decrease and rate of decrease of free radicals, Tempol and DPPH, was found in red wines compared to white 

wines. 
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Special Session 3: 85006 

 

Characterization of Arabidopsis zinc sensor mutants  

 

Siting Zhao, Grmay Hailu Lilay, Sjors Huizinga and Ana G.L. Assunção 

University of Copenhagen 

 

s-zhao@plen.ku.dk 

 

Zinc-deficient soils are widespread globally and human Zn malnutrition affects about one-third of the world’s population 

with a negative impact on growth, immune system and cognitive functioning, being more prevalent in populations that 

rely on cereal grains as staple food. Fundamental knowledge on the Zn deficiency response and Zn homeostasis 

regulation in plant crop species will contribute to developing crops with improved Zn nutritional content (biofortified) 

and improved resilience to Zn deficient soils. 

Arabidopsis F-bZIP transcription factors, bZIP19 and bZIP23, play a central role in the transcriptional regulation of the 

Zn deficiency response. Under Zn deficiency, they bind to Zinc Deficiency Response Elements (ZDRE) in the promoters 

of their target genes that are transcriptionally activated. Target genes include Zn homeostasis genes involved in Zn 

transport and distribution. In addition to being the regulators of the Zn deficiency response, Arabidopsis bZIP19 and 

bZIP23 also function as Zn sensors, through a direct binding of Zn2+ ions to their Zn-sensor motif (ZSM), i.e. a 

cysteine/histidine-rich motif at the protein N terminus. Under Zn sufficient conditions, the Zn binding to the ZSM halts 

the transcriptional activity of bZIP19 and bZIP23. Deletion or amino acid substitutions in the ZSM disrupt the Zn-sensor 

function of bZIP19/23, which leads to a Zn-insensitive and constitutive transcriptional activation of the bZIP19/23 target 

genes. Analysis of Arabidopsis mutant lines expressing bZIP19 with a deleted ZSM showed a significant increase in 

plant and seed Zn accumulation. Here, we investigate Arabidopsis mutant lines expressing bZIP19 with amino acid 

substitutions in the ZSM. We investigate the effect of these ZSM mutations in plants grown with different levels of Zn 

supply, and analyse Zn accumulation, ionomics and selected genes expression. 
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Special Session 3: 85258 

 

The effect of silicon on uptake and physiological process in plants exposed to arsenic and antimony 

 

Marek Vaculik¹, Miroslava Vaculikova¹, Adriana Misuthova², Rajpal Shetty², Nair CS Vidya³, Zuzana Lukacova², 

Boris Bokor², Alexander Lux², Ivana Fialova³ and Miroslava Luxova³ 

¹ Plant Science and Biodiversity Centre SAS & Comenius University in Bratislava, Faculty of Natural Sciences,          

² Comenius University in Bratislava, Faculty of Natural Sciences, ³ Plant Science and Biodiversity Centre SAS 

 

marek.vaculik@uniba.sk 

 

Silicon (Si) is the 2nd most abundant element in the Earth crust and considered as beneficial element in plant nutrition. 

Although Si is not considered as an essential element for plants in general, many plant species could take up large 

amount of this metalloid that exceed those of other essential macronutrients like phosphorus (P) or sulphur (S). 

Moreover, Si was found to ameliorate various forms of abiotic and biotic stresses. In the last decades, several reports 

documented that phytotoxicity effects induced by excess metals like Cd, Zn or Pb, as well as metatalloids like As and 

Sb could be mitigated by this beneficial element. The Si-based mechanisms allowing plants to cope with this type of 

abiotic stress has been developed at multiple levels in various plant species. Our research on various plant species, 

including maize, sorghum, Arundo donax, Nicotiana benthamiana and some other species showed that Si could affect 

the uptake of As and Sb by influencing the development of root apoplasmic barriers, and influencing the genes 

responsible for Si uptake. Additionally, several biochemical and physiological processes, like the activity of antioxidant 

enzymes, stability of cell membranes, photosynthesis and production of lignin are affected in those plants grown in the 

simultaneous presence of Si and toxic metalloids like As and Sb.  

 

Funding: This work was supported by the Slovak Research and Development Agency (grant number APVV-17-0164 

and APVV SK-CN-21-0034), and by Slovak Grant Agency VEGA (grant number VEGA 1/0472/22, VEGA 2/0103/21), 

and by a COST Action Nr. COST CA19116. 
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Special Session 3: 85259 

 

Insights into tellurium pollution impact over the bioavailability of selected trace metals from soil  

 

Katarzyna Kińska¹, Justyna Pietrak and Beata Krasnodębska-Ostręga 

¹ University of Warsaw 

 

kkinska@chem.uw.edu.pl  

 

Unlike many trace elements, the effect of technology-critical elements (TCEs) on living organisms has not been well 

documented to date due to their low concentrations and lack of a meaningful industrial role in the past. This is now 

changing, as several of these elements emerge as essential components in developing innovative technologies – displays, 

semiconductors, and new energy harvesting methods. Therefore, they are becoming more and more frequently 

mentioned as new xenobiotics. Most compounds of Te, classified as one of the TCEs, are considered toxic. Despite this, 

Te can be taken up by plants, from the contaminated soil, through the root system, together with the elements necessary 

for their proper functioning. Even though Te is the only metalloid in group 16 of the periodic table, it shows similar 

properties to other elements in this family, especially Se, located just above. And so, it was observed that plants known 

to accumulate Se are also prone to accumulate Te. Bioaccumulation, however, is a function of the bioavailability of 

elements from the soil. Therefore, a necessary part of the research was to investigate interactions of Te with soil, 

indicating physicochemical transformations in the soil environment and determining the mobility of different Te species. 

To achieve this, selected Te compounds were introduced into different types of well-characterized soil with distinct 

physicochemical properties. Based on fractionation data after incubation with tellurium species for 1-60 days, the level 

of mobility of the element and its bioavailability to plants was evaluated. Subsequently, we correlated the degree of soil 

contamination with tellurium with the bioavailability of selected trace metals, like Cu, Zn, and Ni. ICP-MS was used to 

determine the total content of analytes in the solutions after digestion, as well as in the obtained extracts. 
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Special Session 3: 85278 

 

Response of rhizosphere microorganisms to heavy metal stress in hyperaccumulator plant Solanum 

nigrum L.  

 

Tuantuan Cui  

Sun Yat-sen University 

 

cuitt5@mail2.sysu.edu.cn 

 

The area around plant roots (rhizosphere) is an important hot spot for studying soil formation and nutrient cycling. 

Rhizosphere microbial community structure is the result of a series of complex interactions and feedbacks among plant 

roots, microorganisms and soil physical and chemical environment. Root exudates, as an intrinsic driving factor to 

maintain root function and vitality of rhizosphere microecosystem, are important carriers of substance exchange and 

information transfer in soil-plant system. Root exudates can directly affect the transfer and transformation ability and 

bioavailability of heavy metals at the root-soil interface. Root exudes can change the rhizosphere microenvironment by 

recruiting some microorganisms, thus improving the plant's ability to adapt to the environment. Whether 

hyperenrichment plants can recruit related microorganisms through root exudates to change heavy metal resistance has 

not been studied. 
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Special Session 3: 94999 

 

Effects of zinc priming on activity of antioxidants and metabolites contents of waterlogged cucumber  

 

Malgorzata Czernicka¹, Weronika Jozwiak², Sylwester Smoleń³, Daniel Kielbasa³, Jakub Neupauer⁴, Joanna Pitala⁵, 

Adam Nawrocki² and Peter Kováčik⁴ 

¹ University of Agriculture in Krakow, ² PPC ADOB, ³ University of Agriculture in Krakow, ⁴ Slovak University of 

Agriculture in Nitra, ⁵ University of Agriculture in Cracow 

 

s.smolen@urk.edu.pl  

 

Abiotic stress is considered as major factor limiting crop yield and quality. The development of abiotic stress tolerant 

crops is one of the approaches to cope with this adversity, however, this approach is time consuming and requires big 

investments. The exogenous treatment of plants with chemical compounds can enhance abiotic stress tolerance. 

Chemical priming is believed to represent a promising strategy for dealing with abiotic stress in crop plants. The use of 

the mineral nutrients is considered one of the most promising approaches to diminish the effect of abiotic stress. The 

role of mineral nutrients, specifically Zn, is well understood in plant growth and development under normal conditions. 

However, Zn role in waterlogging tolerance is still poorly understood. The research was focused on the physiological, 

molecular and metabolic responses of Zn primed cucumber under waterlogging stress. The major objective of this study 

was to investigate the effect of foliar-applied Zn as ADOB® 2.0 Zn IDHA and ZnSO4∙7H2O on waterlogging tolerance 

in cucumber. The H2O2 content, the activity of antioxidants such as CAT, APX, POX, GR and ascorbate (ASC) have 

also been studied. Using HPLC-ICP-MS QQQ and LC-MS/MS QUTRAP we identified metabolites, and biochemical 

pathways with a possible role in the Zn-induced priming against the waterlogging stress. 

 
Acknowledgments: This study was subvented by the Polish Ministry of Science and Higher Education in 2021 and 

2022. 
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Special Session 3: 97758 

 

The effect of variable temperature on maize exposed to stress caused by antimony 

 

Nikola Tartaľová¹, Jana Kohanová², Zuzana Lukačová³ and Alexander Lux² 

¹ Comenius University in Bratislava, Faculty of Natural Sciences, ² Comenius University in Bratislava, ³ Faculty of 

Natural Sciences, Comenius University in Bratislava 

 

jana.kohanova@uniba.sk 

 

Antimony (Sb) causes various damage(s) in plants, including inhibition of growth of roots and shoots, changes in 

physiological processes and also decreases uptake of some essential elements. Antimony is released to water and soil 

solution mainly due to human activities, as a result of mining. As The other source, in past and unfortunately also 

recently due to wars, it is its use as an agent for metal hardening. The other serious problem for plant growth and 

agricultural production is rising soil and water temperature increasing with air temperature. This is greatly associated 

with climate changes. The plant root system responds to different temperature stimuli by developmental and 

physiological adaptation. Similarly, the presence of antimony in soil or water substrate caused growth inhibition related 

with some physiological and structural changes of roots. In our experiments we combined these two abiotic stresses – 

the presence of Sb and higher temperature, using two cultivars of Zea mays as experimental plants in hydroponic 

conditions. One of the effects of higher temperature was production of more lateral roots. This was connected with 

changes in anatomy of roots and physiological processes, mainly in plants cultivated in antimony conditions. We also 

observed changes in the uptake and translocation of Sb. 

 
Funding: This study was supported by Slovak Grant Agency VEGA No. 1/0472/22, APVV SK-CN-21-0034 and by 

the COST action CA19116 ´Trace Metal Metabolism in Plants–PLANTMETALS´. 
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Special Session 3: 98765 

 

GATA12 regulates iron deficiency responses by binding to the promoters of BHLH transcription 

factors in Arabidopsis 

 

Emre Aksoy¹, Amir Maqbool², Bayram Ali Yerlikaya³ and Allah Bakhsh⁴ 

¹ Middle East Technical University (METU), ² Nigde Omer Halisdemir University, ³ Ondokuz Mayis University,          

⁴ University of the Punjab 

 

emrebiot1@gmail.com 

 

The lack of iron (Fe), one of the basic micro-nutrients for plants, affects plant growth and yield and restricts agricultural 

productivity. Although the mechanisms involved in Fe uptake from the rhizosphere and root-to-shoot translocation have 

been understood well, the transcription factors controlling these mechanisms were only concentrated in the bHLH 

family. GATA transcription factors control cell differentiation, and leaf and root development in plants. GATA9 and its 

close paralog GATA12 are upregulated in Arabidopsis roots under Fe deficiency.  To determine the functions of 

GATA12 in Fe uptake and translocation, several responses of two gata12 T-DNA insertion mutants (gata12-1 and 

gata12-2) and two GATA12 overexpression lines (OE1 and OE2) were compared to the wild type Col-0 under Fe 

deficiency. Accordingly, mutant plants were more sensitive to Fe deficiency depending on the expression levels of 

GATA12, while GATA12 OE2 was more tolerant to Fe deficiency. This sensitivity in the roots was partially attributed 

to the decrease in ferric chelate reductase activity and FRO2 gene expression. While the amount of Fe accumulated in 

mutant roots was similar to Col-0, it was significantly decreased in the GATA12 OE lines. Following confirmation of 

the iron deficiency phenotype, RNA sequencing was performed to identify transcripts affected by Fe deficiency in the 

roots and shoots of gata12-1 and GATA12 OE plants. Bioinformatic analyses showed that GATA12 and its close 

paralogues GATA2, GATA4, and GATA9 formed a network together that connects the bHLH networks operating in 

the root epidermis and pericycle. Moreover, sulfur metabolism, and phenylpropanoid and flavonoid biosynthesis 

pathways were affected more by GATA12. Under Fe deficiency, 47 genes with expression levels of three and above 

were identified as regulated by GATA12. ChIP-RT-qPCR and EMSA analyses proved that GATA12 can bind the 

GATA motifs in the promoters of some of these genes, including FIT and PYE. In conclusion, it has been shown that 

GATA12 regulates Fe signaling above bHLH transcription factors. 
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Special Session 3: 98766 

 

PdTMT: A novel thiocyanate methyltransferase (TMT) from European Alkali Grass (Puccinellia 

distans) involved in selenium tolerance 

 

Kubra Budak¹ and M. AYDIN AKBUDAK² 

¹ AKDENIZ UNIVERSITY, ² Akdeniz University, Antalya, Turkiye 

 

akbudak@akdeniz.edu.tr 

 

Selenium is a metalloid that is found naturally in the environment, including in soil, water and air. While it is essential 

for proper plant growth and development, excess selenium can lead to toxicity in many plant species. However, some 

wild plant species, such as Astragalus spp. and Puccinellia spp., are more tolerant to selenium toxicity and are able to 

withstand higher levels of the element. In our research, we employed a yeast cDNA expression library screening method 

to identify genes in European Alkali Grass (Puccinellia distans) that may allow the plant to tolerate selenium toxicity. 

The yeast (Saccharomyces cerevisiae) transformants expressing different cDNAs were selected for their ability to 

survive under toxic selenium conditions (10 mM Na2SeO3). Phylogenetic analyses revealed that cDNAs isolated from 

resistant colonies showed approximately 90% sequence similarity with the predicted “thiocyanate methyltransferase” 

(TMT) genes of Triticum urartu, T. aestivum and T. dicocoides. Serial dilution experiments showed that yeast cells 

containing PdTMT cDNAs were able to survive at Na2SeO3 concentrations up to 50 mM, which is five times the toxic 

concentration for wild type cells. The expression of PdTMT in P. distans increased over time in response to selenium 

stress, reaching a maximum level of 5.27-fold (log2) after 48 hours of exposure to 80 µM Na2SeO3, which is a toxic 

concentration for this species. The expression of PdTMT was significantly increased by Na2SeO3 in yeast cells, reaching 

a maximum of 21.86-fold (log2) at a concentration of 10 mM. Thiocyanate methyltransferase (TMT) catalyzes the 

transfer of a methyl group from S-adenosyl methionine (SAM) to thiocyanate (SCN-) which is a toxic compound that 

can interfere with the function of certain enzymes and disrupt normal cellular processes. By methylating SCN-, TMT 

may help protect cells from the harmful effects of SCN-. This is the very first study to examine any TMT gene conferring 

tolerance to a metal/metaloid toxicity. It is thought that the results obtained will contribute to the development of 

varieties tolerant to metal/metalloid stress in breeding studies. 
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Special Session 3: 99288 

 

Root architecture of Artemisia plants under heavy metal and petroleum contamination  

 

Esmira Alirzayeva¹, Gunter Neumann² and Volker Roemheld²  

¹ Azerbaijan National Academy of Sciences, ² University of Hohenheim  

 

hh.esmal@hotmail.com  

 

Plant roots are the key component to improve resources acquisition under competitive nutritional status and tolerant 

plants develop the root foraging strategy through the morphological alteration. Root architecture of different Artemisia 

L. species and ecotypes from heavy metal (HM) and petroleum (PH) polluted areas as well as non-polluted area was 

comparatively studied on HM and PH contaminated soils. Although no significant difference was detected on root 

parameters of all species independence of origin and levels of HM contamination of soils and all plants tested 

demonstrated tolerance to all pollutants, some differences were observed in the root growth strategies of plants on soils 

with HM and PH pollution. In ecotype from PH polluted and non-polluted areas, root growth parameters were lower, 

but the average diameter (AD) was higher than in ecotypes from HM polluted areas when grown on the HM 

contaminated soils. Besides, all tested plants demonstrated similar accumulation capacity of HM, regardless of their 

type, origin and level. While the acceptable level of concentration of Zn and Cu were found in shoots, Cd concentration 

reached the toxic level. On PH contamination soils, the increase in number and decrease in length of root hairs in the 

ecotype from PH polluted area was observed. Non-adapted ecotype displayed higher development under HM than PH 

contamination with higher AD and less length and number of lateral roots. Plants from PH polluted area were found to 

develop thicker roots, consequently lower specific root length, also higher volume and surface area than the ones from 

HM contaminated and non-contaminated areas in their contrasted original habitats. This development traits can be 

considered as better establishment and penetration capacity of the roots for the exploration of the soil profile under 

imbalanced nutritional conditions. 
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Special Session 3: 99289 

 

(STSM) Metal isotopes training and networking  

 

Josip Jurković¹, Mattthias Wiggenhauser and Fernando Antônio Gomes Brito² 

¹ University of Sarajevo, Faculty of Agriculture and Food Sciences, ² ETH Zurich 

 

fgomes@ethz.ch 

 

The proposed Short Time Scientific Mission (STSM) has two main goals. The first goal is to acquire knowledge and 

training for a) Sample preparation for isotope analyses, b) concentration and isotope analyses with single collector ICP-

MS and multiple collector ICP-MS, and c) evaluation and quality control of isotope data. Isotope training will be 

conducted with cadmium (Cd). Hands-on sample preparation training will be conducted with a) digestion of plant 

material using a single reaction chamber microwave system b) sample purification using resin-based anion exchange 

chromatography, and c) isotope spiking using 113/111Cd double spike to correct for any artifacts during sample 

preparation and analyses. All these steps will be conducted in certified trace metal isotope laboratories to minimize 

sample contamination. In addition, very clean reagents and acid cleaned working material will be used to minimize 

sample contamination. Analysis of Cd isotopes s divided into two steps. In a first step, purified samples will be measured 

using single collector ICP-MS to control for the purity of the samples by measuring Cd and elements that cause 

molecular (Zn, Mo) and direct interferences (Sn). In a second step, isotope compositions will be measured using MC-

ICPMS in sample-bracketing mode to correct for potential plasma drifts. The second goal is networking based primarily 

with people from the ETH group of plant nutrition, and with researchers that are interested in bioaccumulation of heavy 

metals. The experience with Cd isotope training is in large part applicable to other isotopes research, which is important 

for the second goal. Recent study shows that silver birch bioaccumulates heavy metals in much higher concentrations 

than that in gold mine waste (Tl, In, Cu, Zn, Mn, Ni). The highest bioaccumulation factor was found for thallium (BCF: 

25). The research of thallium bioaccumulation is quite rare and uptake mechanism is rather unknown. 
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Special Session 4: 83828 

 

Green reuse of dredged sediment for power station navigation channel 

 

Dan Tsang and Yuying Zhang 

The Hong Kong Polytechnic University 

 

dan.tsang@polyu.edu.hk 

 

Dredged contaminated marine sediments (CMSs) have been a great challenge for coastal cities, including Hong Kong, 

due to the limited landfilling capacity. In this study, we investigated the use of high content of low-carbon supplementary 

cementitious materials (i.e., pulverized fly ash (PFA)) for the efficient solidification/stabilization (S/S) of high moisture 

CMSs to provide a way to reuse the wastes as filling materials. The results exhibited that the moisture content of CMSs 

was controlled at 59.34% by dry weight, and the air drying of the high moisture CMSs was required to attain good 

strength development. To maximize the use of CMSs in the filling materials, the ratio of furnace bottom ash (FBA)/PFA 

to sediment at 1:1 by volume was adopted. The role of FBA/PFA was to provide a better particle size distribution 

(especially the inclusion of coarser particles) to attain higher strength without using a higher amount of binder. 

Meanwhile, potentially toxic elements leaching tests confirmed that these treated filling materials induced no 

environmental risk. The formation of cement hydrates, including calcium silicate hydrate (C–S–H)/calcium aluminate 

silicate hydrate (C-A-S-H)/hydrocalumite/calcite, was mainly responsible for the strength development in the 

FBA/PFA-treated CMSs. At the construction site of the new power station navigation channel at Lamma Island 

Extension in Hong Kong, the deployment of site operations at several locations deemed suitable by HK Electric for 

sediment recovery as filling material was smooth and successful. Therefore, this study demonstrated that adopting high 

moisture CMSs and FBA/PFA as filling materials can ensure the low-carbon and green upcycling of different wastes. 
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Special Session 4: 84472 

 

Use of selected amendments for reducing metal mobility and ecotoxicity in contaminated bottom 

sediments 

 

Agnieszka Baran¹, Filip M. G. Tack², Antoine Delemazure², Jerzy Wieczorek¹, Patrycja Boguta³ and Kamil Skic³ 

¹ University of Agriculture in Krakow, Poland, ² Ghent University, Belgium, ³ Institute of Agrophysics, Polish 

Academy of Sciences, Lublin, Poland 

 

Agnieszka.Baran@urk.edu.pl 

 

Contamination of sediments with metals has significant implications for their management. Side products of industry 

that may end up as potential waste can be used as an amendment to further reduce the mobility and bioavailability of 

metals in sediments. Distinct properties of sediment and amendment should match to effectuate a decrease in metal 

solubility while preserving physico-chemical properties suitable for a bottom substrate of the water body. The aims of 

the studies were 1) to assess the suitability of selected amendments, cellulose waste, biochar, and dolomite, for reducing 

the mobility of metals in sediments through evaluating the effects on metal sorption capacity and 2), to assess the 

ecotoxicity of sediment/amendment mixtures. The amendments were used in the following proportions to sediment: 0% 

(only sediment, control), 5%, 25%, and 45%. 

The addition of cellulose waste, biochar, and dolomite to acidic, metal-contaminated sediments improved the properties 

of the mixtures, including an increase in the pH, sorption capacity, and a decrease in the mobility of metals (Cd, Zn). 

Applied additives variously modified the structure of the sediments in terms of content in negatively charged functional 

groups, pore size distribution, specific surface area, pore volume and average pore diameter. A significant part of 

amended samples showed a decrease in acidity of negatively dissociating functional groups and an increase in specific 

surface area and cumulative pore volume measured by N2 sorption. While most bioassays established a reduction of the 

ecotoxicity for amendments (except for all doses of cellulose waste for Allivibrio fischeri and for 5 and 25% doses of 

biochar for Heterocypris incongruens), dolomite performed best in this respect regardless of dose and test organism. 

The results stress that the mobility of metals from contaminated sediments can effectively be limited by reused industry 

side products, which could contribute to further closing the circular economy loop. 
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Special Session 4: 84640 

 

Assessment of mercury removal and retention in A-01 Constructed Wetland after more than 20 years 

of performance 

 

Anna Sophia Knox¹, Alex Kugler¹ and Nathaniel Losey² 

¹ Savannah River National Laboratory, ² Savannah River National Laboratory  

 

anna.knox@srnl.doe.gov 

 

The A-01 wetland treatment system (WTS) was designed to remove metals from the effluent at the A-01 National 

Pollution Discharge Elimination System outfall at the Savannah River Site, Aiken, SC.  This research investigated 

mercury (Hg) removal, distribution and retention in the A-01 WTS over a period of 20 years. These findings are critical 

for ensuring continued Hg sequestration in the A-01 WTSs over time, providing management guidance for constructed 

wetlands, and investigating changes in metal remediation effectiveness as the wetland ages. Total mercury 

concentrations in the system inflow are variable and have generally ranged between 50 and 100 ng/L. Mercury levels 

are sequentially reduced throughout the water path of the wetland system, and Hg concentration at the outfall compliance 

point is often below 10 ng/L.  Mercury removal is occurring through the entire water course of the system. Levels after 

passage through the first cell are typically reduced to 40 percent of the influent value and reduced by an additional 30 

to 40 percent after passage through the second cell in the series. Methylmercury production in the system in 2001 and 

2002 has shown a seasonal trend and has been a small component of the total mercury in the effluent. Methylmercury 

has increased during the warm summer months (2001-2002) but has never exceeded 10 percent of the total mercury at 

the discharge point. Wetland sediments often play an important role in maintaining water quality by removing 

contaminants from the water column.  However, subsequent contaminant remobilization from the sediment can keep 

dissolved contaminant concentrations elevated long after the initial source has been removed. This research will evaluate 

the long-term performance of a constructed wetland for Hg removal, including the efficiency of Hg removal, the 

retention of Hg in the wetland sediment, and processes that affect long-term performance. 
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Special Session 4: 85235 

 

Use of bioadsorbents to inmobilize Fe, Mn, Cu, Zn and Pb of a sediment from tailings of Pan de 

Azúcar mine (Argentina)  

 

Paula Pérez-Rodríguez¹, Marizol Giovana Flores-Colque, Mauricio Rodolfo Ormachea-Muñoz², Jesica Murray PhD³, 

David Fernández-Calviño⁴, Vanesa Santás-Miguel and Manuel Arias-Estévez⁴ 

¹ University of Vigo, ² Universidad Mayor de San Andrés, ³ Strasbourg University, ⁴ Universidade de Vigo 

 

paulaperezr@uvigo.es 

 

Polluted soils/sediments by heavy metals are often associated with mining activities. These heavy metals are released 

to the aquatic environments, and they pose increase in the environmental risks. Therefore, new alternatives are needed 

to remediate contaminated sediments in order to reduce the pollution. New sub-products provided from the agro-forestry 

industry are being tested as bioadsorbents to immobilize heavy metals at the same time they are re-used avoiding being 

disposed in nature. In this study, pine bark and crushed mussel shell were used to immobilize Fe, Mn, Cu, Zn and Pb in 

sediment collected from tailings of Pan de Azúcar mine (Argentina). Experiments were conducted in sediment columns, 

under four conditions: sediment alone, sediment treated with pine bark, sediment treated with crushed mussel shell and 

sediment treated with a mixture of both materials. Total concentrations of Fe, Mn, Cu, Zn and Pb in sediment were: 

7500, 162, 1207, 3000 and 4000 mg kg-1, respectively, while soluble concentrations obtained in saline solution extracts 

were 2285, 113, 550, 2170 and 0 mg kg-1, respectively. The dose of bioadsorbents applied was 48 g kg-1 both alone or 

as a mixture. Water (350 mL) passed through the columns by using a flux of 5.6 mL h-1. Eighty samples were collected 

per column with 4.3 mL each. The results show that initial and final concentrations were: in sediment alone, 1201-2.5, 

0-0, 108-0, 15.6-0.1 and 0.15-0 mg kg-1 for Fe, Mn, Cu, Zn and Pb, respectively; with pine bark, 140-0, 0-0, 0-0.1, 0-0 

and 0-0.1 mg kg-1, respectively; with crushed mussel shell, 0-0, 0-0, 0.3-0, 187-0 and 0.9-0.1 mg kg-1, respectively; and 

with the mixture of both materials, 88-0, 51-0, 140-0, 21-0 and 0.1-0.1 mg kg-1, respectively. The addition of tested 

amendments reduced significantly the release of contaminants from the treated sediment. The highest reduction in 

contaminant release was observed with application of crushed mussel shell. 
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Special Session 5: 84074 

 

Phorcus turbinatus and Patella sp. as biomonitors of trace elements (TEs) and rare earth elements 

(REEs) in ex-mining areas of Elba Island (Italy) 

 

Federica Fantozzi, Nicola Bianchi, Claudio Leonzio, Silvia Casini, Giacomo Mariotti and Stefania Ancora 

University of Siena 

 

stefania.ancora@unisi.it 

 

Trace elements, TEs (Ag, As, Be, Hg, Cd, Co, Cr, Cu, Mo, Mn, Ni, Pb, Sb, Se, Sn, V) and rare earth elements, REEs 

(La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Th, Tm, Yb, Lu, Sc, Y) were investigated in Patella sp. and P. turbinatus 

from Elba Island (Italy). The mining activity has left abandoned mines and waste dumps representing a potential source 

of pollutants due to the acid mine drainage (AMD) process enhancing metal mobility and bioavailability. Herbivorous 

gastropods molluscs are commonly used as bioindicators because of their ability to take up metals, from the dissolved 

phase and through ingestion, and to accumulate them. 

In order to provide information on contamination in the eastern coast of Elba Island, Patella sp. and P. turbinatus 

samples were collected from ex-mining areas (Seregola, Rio Marina, Punta Calamita), and control areas far from any 

direct AMD output (Topi Island, Cavo village). Elements concentrations were analysed in lyophilized soft tissue, after 

acid digestion, by using inductively coupled plasma-mass spectrometry ICP-MS. Almost all TEs and REEs showed the 

highest concentration in samples from the ex-mining areas, except for Ag in P. turbinatus and Cd in Patella sp. high in 

control areas (likely not related to the mining activity). Lu, Tb and Tm were not quantified in both gastropods.  

The analysed species revealed good suitability as bioincators, with Patella sp. reaching highest levels of Ag, Be, Cd, 

Co, Dy, Hg, and P. turbinatus showing highest levels of As, Cr, Cu, Mn, Ni, Sb, Se, Sn, V, La, Ce, Pr, Nd, Sm, Eu, Gd, 

Er, Yb, Sc, Y. Levels of TEs as Hg, Cu, Cd and Pb, were higher than reported in literature (for uncontaminated areas). 

REEs, poorly investigated, represent one of the first data set for both Patella sp. and P. Turbinatus. 
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Special Session 5: 84773 

 

Mapping the spatial dispersion of technology-critical elements Pt and Rh in surface sediments of a 

coastal lagoon to assess contamination levels and sources 

 

Carlos E. Monteiro¹, Bárbara C. Ribeiro¹, Rute Cesário¹, Mário Pacheco², João Canário¹, Margarida M. Correia dos 

Santos¹ and Antonio Cobelo-García³ 

¹ Environmental Biogeochemistry, Centro de Química Estrutural, Institute of Molecular Sciences, Department of 

Chemical Engineering, Instituto Superior Técnico, Universidade de Lisboa, ² Centre for Environmental and Marine 

Studies (CESAM) and Department of Biology, University of Aveiro, ³ Bioxeoquímica Mariña, Instituto de 

Investigacións Mariñas IIM-CSIC 

 

carlos.e.monteiro@ist.utl.pt 

 

Contaminants of emerging environmental concern such as platinum (Pt) and rhodium (Rh) have increased in the 

environment over the past decades as a result of increasing demand and supply to industries with several technology-

based applications. This work assesses the spatial dispersion and sources of Pt and Rh in the main channels of Ria de 

Aveiro coastal lagoon (Portugal, SW Europe), and their potential transfer to the Atlantic Ocean. Surface sediments ( < 

5-cm depth) collected in 119 stations covering possible different sources for both metals were analyzed by voltammetry 

and data compared with environmental parameters (temperature, pH, Eh, dissolved oxygen) and trace elements (e.g., 

Fe, Mn, Pb, Cu, Zn, Hg, etc). 

Concentrations of Pt and Rh were generally low in the sediments, ranging between 0.25–1.21 ng g−1 for Pt and 0.01–

0.53 ng g−1 for Rh. The ratio Pt/Rh varied between 1 and 64 pointing out the anthropogenic pressure from nearby 

industries, which introduce Pt in this system considering the lower Rh concentrations. Elevated Pt/Rh values depict 

some hotspots were linked to diverse industries operating as well as in the main commercial harbor. Positive significant 

correlations were found for Pt with Fe and other elements, suggesting a common source of contamination. In addition, 

relationships were also found with parameters such as Al/Si and LOI, indicating the more reactivity of Pt with the nature 

of particles that interplay on its distribution, whereas for Rh no significant correlations were found.  

Concentrations in sediments at the mouth of this coastal lagoon were similar to a ‘PGE-clean’ environment, suggesting 

that exchanges with the adjoining coastal area may be limited. Furthermore, hydrodynamic of the complex system of 

channels in Ria de Aveiro may be key on the transport of these emerging contaminants. 
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Special Session 5: 85084 

 

Determination of Ga(III) concentration in aqueous solutions using AGNES 

 

Adnívia S.C. Monteiro, Encarna Companys, Jaume Puy and Josep Galceran  

Universitat de Lleida and AGROTECNIO-CERCA 

 

josep.galceran@udl.cat 

 

With the increasing use of Ga in the areas of electronics and medicine, and its consequent gradual increase in the 

environment, attention is now turning to previously unexplored potential environmental impacts. According to the Free 

Ion Activity Model and the Biotic Ligand Model, toxicity of metals in water may better correlate to their free form than 

the total concentration. Therefore, it is timely to develop techniques to quantify free Ga(III) concentration. Absence of 

Gradients and Nernstian Equilibrium Stripping (AGNES) is an electroanalytical technique that has determined free Zn, 

Cd, Pb, In or Sn concentrations in different matrices such as rivers, seawater or dispersions of ZnO nanoparticles. 

AGNES can be an alternative for the determination of free Ga(III), for which a commercial selective electrode is not 

available. AGNES consists of two steps: (1) deposition at a given deposition potential (which prescribes a “gain” or 

preconcentration factor) until equilibrium is reached, (2) stripping: quantification of the analyte accumulated in the 

electrode. The study of gallium faces challenges such as electrodic irreversibility and the large extent of Ga hydrolysis. 

Initially, for the implementation of AGNES we confirm the attainment of equilibrium indicated by a plateau in a 

"trajectory" (i.e. stabilized charges for increasingly longer deposition times) and that charges of the plateaus are 

proportional to the gain. To verify that AGNES is correctly measuring the free Ga (III) concentration, tests with ligands 

such as NTA and oxalate are performed. 

 
Acknowledgement: Support from the Spanish Ministry of Science and Innovation (Projects PID2019-107033GB and 

PID2020-117910GB-C21 funded by MCIN/AEI/10.13039/501100011033) and from María Zambrano scholarship to 

ASCM (Ministerio de Universidades, Spain, funded by the European Union via NextGenerationEU). 
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Special Session 5: 99518 

 

Spatial and temporal influences of Technology Critical Element interactions with marine biota: 

lessons from three field studies for Platinum Group Elements 

 

Melina Abdou¹, Carlos E. Monteiro², Miguel Santos³, Alexandra Coynel⁴ and Miguel Caetano⁵ 

¹ Interdisciplinary Centre of Marine and Environmental Research (CIIMAR), University of Porto, Porto, Portugal, ² 

IST-ID – PT509830072 - Associação do Instituto Superior Técnico para a Investigação e Desenvolvimento, ³ Ciimar 

and University of Porto, ⁴ University of Bordeaux, ⁵ IPMA, Instituto Português do Mar e da Atmosfera 

 

melina.abdou@ciimar.up.pt 

 

Continuously increasing mining, use and release of Technology Critical Elements (TCEs) pose growing concerns 

regarding their environmental dispersion, fate, and ecotoxicology in coastal reactive systems. Within this group, 

Platinum Group Elements (PGEs), which include platinum (Pt) and rhodium (Rh), are of emerging concern considering 

their extensive use in a variety of applications. While little data exists for platinum (Pt), almost no environmental studies 

provide Rh concentrations in marine matrices, especially in marine biota. 

The present work is based on field campaigns performed in two urbanized estuarine systems located NW Portugal which 

are the Douro and the Ave estuaries. Macroalgae (various species) were collected in summer and winter seasons (July 

2021-January 2022), in contrasting estuarine and coastal sites, while wild mussels were sampled on the coastline, 

together with seawater (< 0.2 µm). Platinum and Rh concentrations were determined in both dissolved samples by 

Adsorptive Cathodic Stripping Voltammetry (Ad-CSV), and biota samples by Inductively Coupled Plasma-Mass 

Spectrometry (ICP-MS). Spatial and seasonal variabilities of PGE concentrations reflected the degree of “urban 

exposure” to marine organisms. The determination of Pt/Rh ratios in biological samples partly reflected the influence 

of different PGE sources that include traffic emissions, hospital/domestic effluents, and industrial activities. 

Preliminary results from another field study performed in the Arcachon Bay (SW France), historically impacted by trace 

metal and nutrient pollutions are also reported. Phytoplankton (20 µm) and seawater (< 0.2 µm) were sampled hourly 

(May 2022) for a diel cycle of > 30 hours performed at a fixed sampling point under marine influence and suggested 

changes in PGE partitioning and carrier phases at short temporal scale. Bioaccumulation and biosorption of emerging 

metal contaminants such as PGEs and other TCEs in aquatic organisms may be used as integrative tools in environmental 

monitoring and ecotoxicological assessment studies. 
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Special Session 6: 83758 

 

Trace elements in particulate and sub-micron aerosol fractions in snow from the Athabasca 

Bituminous Sands (ABS) region in Alberta, Canada 

 

Fiorella Barraza¹, Muhammad Babar Javed², Judy Schultz¹, Tommy Noernberg¹ and William Shotyk¹ 

¹ Department of Renewable Resources, University of Alberta, ² Hatfield Consultants  

 

barrazac@ualberta.ca 

 

Approximately 95% of the oil reserves in Canada occur in three bitumen deposits in Alberta, the largest of which is the 

Athabasca Bituminous Sands (ABS) region. Open pit mining of the shallow deposits generates large volumes of dust 

including fine aerosols from combustion of fossil fuels (coke) for upgrading and coarse aerosols from mechanical 

processes such as rock crushing, quarries, and construction. In regard to potentially toxic trace elements (TEs), these 

two size fractions should exhibit very different chemical reactivity and bioaccessibility. The aim of this study was to 

determine the total, particulate (> 0.45 um) and «dissolved» (< 0.45 µm) concentrations of TEs in snow deposited along 

the Athabasca River (AR) which bisects the industrial region. To characterize wintertime deposition, snow samples 

were collected at 25 sites in total, upstream and downstream from industrial operations, as well as at a control site 

(UTK), located 264 km SW. Following metal-free, ultra-clean procedures, the snow was melted, directly digested or 

filtered and then analyzed using ICP-MS. The particulate fraction was characterized using SEM and XRD.  

Conservative, lithophile elements (Al, Y, La, Th), elements enriched in bitumen (V, Ni, Mo) as well as the potentially 

toxic chalcophile elements (Pb, Tl, As, Cd, Sb) were overwhelmingly found in the particulate fraction (70-99%). The 

solids were dominated by quartz and S-rich particles which are attributed to coarse dust particles. The snow data was 

compared with the corresponding values for AR waters. Except for V in the dissolved fraction of snow, the 

concentrations of almost all TEs were lower than their concentrations in the AR in the spring, when snowmelt exerts its 

greatest influence. Although the net loadings of TEs (µg/m2/year) calculated from modelled snow water equivalent data 

were greater at the AR sites compared to UTK, their overall contribution to the surface waters is insignificant. 
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Special Session 6: 84302 

 

Rare earth element (REE) fractionation during co-transport of REEs3+ and biochar nanoparticles in 

porous media 

 

Quan Wan¹, Miaoyue Zhang² and Rongliang Qiu¹ 

¹ South China Agricultural University, ² Sun Yat-sen University 

 

wan.q@outlook.com 

 

The transport of REEs from the mining area to the surrounding soil and water was found to be the main route for the 

spread of REEs contamination. In recent years, biochar (BC) has been widely used in contaminated water and soil 

remediation due to its large specific surface areas, abundant functional groups, and porous structure. However, the 

effects of BC (especially BC NPs and aged BC NPs) on the transport of REEs3+ are largely unknown. The present study 

investigated the co-transport behavior of three REEs3+ (La3+ (a light REE, LREE), Gd3+ (a middle REE, MREE), and 

Yb3+ (a heavy REE, HREE)) with and without biochar nanoparticles (BC NPs) in saturated porous media. The presence 

of REEs3+ enhanced the retention of BC NPs in quartz sand (QS) due to decreased electrostatic repulsion between BC 

NPs and QS, enhanced aggregation of BC NPs, and the contribution of straining. The distribution coefficients (KD) in 

packed columns in the co-transport of BC NPs and three REEs3+ were much smaller than in batch experiments due to 

the different hydrodynamic conditions. Note that the REE fractionation during co-transport was driven by the interaction 

of REEs3+ with QS and BC NPs, which was subject to the lanthanide contraction. The aging of BC NPs led to increased 

oxygen-containing functional groups of BC NPs, which inhibited the transport of REEs3+ and changed the REE pattern 

during co-transport. This study elucidates novel insights into the fate of BC NPs and REEs3+ in porous media and 

indicates that (i) mutual effects between BC NPs and REE3+ and the aging effects of BC NPs should be considered when 

BC was applied to REE-contaminated aquatic and soil systems, and (ii) REE fractionation should be deeply investigated 

and considered in hydrogeochemical research in the soil and water. 
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Special Session 6: 84384 

 

Abiotic legacies mediate plant-soil feedback during primary succession on waste deposits from rare 

earth mines 

 

Shichen Zhu¹, Wenshen Liu¹, Yetao Tang¹, Yuanqing Chao¹, Rongliang Qiu² and Jean Louis Morel³ 

¹ Sun Yat-sen University, ² Sun Yat-sen University, South China Agricultural University, ³ Université de Lorraine 

/INRA / Laboratoire Sols et Environnement 

 

zhushch3@mail2.sysu.edu.cn 

 

An increasing number of studies has demonstrated how feedback interactions between plants and soil properties may 

influence primary and secondary succession. However, very little is known about such plant-soil feedbacks (PSFs) on 

rare earth elements (REEs) deposits, which can be heavily contaminated by toxic minerals.  

In a two-phase PSF experiment we investigated biotic (changes in bacterial and fungal community) and abiotic legacies 

(changes in chemical properties) of three pioneer grass species, and examined feedback effects to three grasses, two 

legumes and two woody plants with different root traits on REE mine waste spills (also named mine tailing soils).  

Positive PSF was found in Miscanthus sinensis, Paspalum thunbergii and Tephrosia candida, and neutral PSF was 

observed in other plants. These effects corresponded with an increase of nutrients and TOC, as well as a decrease of 

acidity and extractable Al and REEs, which might be due to root exudate and decomposition. While there were fewer 

signs of biotic changes in the conditioned soils. Correlation analysis suggested a relationship between responses to soil 

legacies and root traits, as well as root economics spectrum. At the mine spills, grasses with higher specific root length 

appeared to have greater potential for positive feedback. 

Our study demonstrated that PSF during early succession at rare earth mine tailings may be positive as a result of 

pioneer-induced abiotic improvement of the substrate. Therefore, our results suggest that early succession on polluted 

substrate may result into a more positive PSF than predicted based by results from successional gradients on non-

polluted soils. 
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Special Session 6: 84542 

 

Vertical distribution of heavy metals, nutrient, enzyme activity, and microorganisms at a zinc 

smelting slag site revegetated with two herbs: implications for direct revegetation  

 

Youfa Luo¹, Zuyan Wan¹, Yonggui Wu and Pan Wu 

¹ Guizhou University 

 

yfluo3@gzu.edu.cn 

 

Zinc smelting slag without any remediation measures are vulnerable to bio-weathering and physical erosion when they 

exposed to environmental factors (e.g., variable pH environment, acid deposition, and rhizosphere-like organic acids). 

Under these exposure scenarios, heavy metals in zinc smelting slag exhibited higher geochemical instability would be 

continuously released into surrounding soil and water environment, which might cause potential risks to the local 

residents and ecosystem. Direct revegetation is an important measure to immobilize heavy metals and improve 

biological properties of zinc smelting slag sites; however, limited depth (surface) amendment of zinc smelting slag may 

constrain root development in the unamended zinc smelting slag. Thus, more information on the vertical distribution 

characteristics of heavy metals, nutrient, and microecological characteristics in the directly revegetated zinc smelting 

slag is required to understand the phytoremediation efficiency of direct revegetation strategies. Here, vertical distribution 

of heavy metals, nutrient, enzyme activity, and microbical properties at a zinc smelting slag site directly revegetated 

with two herbs (Lolium perenne and Trifolium repens) were investigated. The results showed that nutrient contents, 

enzyme activity, and microbial properties in the slag decreased with increasing slag depths after revegetation of the two 

herbs. The nutrient contents, enzyme activity, and microbial properties at the surface slag revegetated with Trifolium 

repens were greater than those in the slag revegetated with Lolium perenne. The vertical distribution of total heavy metal 

contents in the slag revegetated with the two herbs without obvious change. The relative higher available heavy metal 

contents at the surface slag. Moreover, the available heavy metal contents in the slag revegetated with Trifolium repens 

were lower than that in the slag revegetated with Lolium perenne. Overall, the greater phytoremediation efficiency of 

the two herbs occurred at the surface slag, and the phytoremediation efficiency of Trifolium repens higher than that of 

Lolium perenne. The findings would beneficial for understanding of phytoremediation efficiency of direct revegetation 

strategies for metal smelting slag sites. 
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Special Session 6: 84663 

 

Distribution, enrichment and recovery potential of rare earth elements in coal mine drainage of 

southwest China 

 

Xuexian Li and Pan Wu 

Guizhou University 

 

xxli5@gzu.edu.cn 

 

Strategic rare earth elements (REEs) resources are extremely important in economic development and defense security. 

Coal mine drainage (CMD) has been considered as promising alternative sources for REEs due to the high concentration 

of REEs. The long-term coal mining activities in southwest China have produced large amounts of CMD, which may 

be a potential source of REEs that has been neglected. The distribution and enrichment of REEs in CMD in main coal 

mining areas of southwest China were investigated, and the experimental study on the recovery of REEs in CMD was 

further conducted. The results showed that the contents of the REEs in CMD were highly variable, ranging from 0.02 

μg/L to 29.8 mg/L. Approximately 32% of the acidic CMD (pH ≤ 5.5) contained more than 1000 μg/L of REEs, and the 

proportion of critical-REEs (Nd, Eu, Tb, Dy, Er and Y) was as high as 68.2%. Additionally, the outlook coefficient 

(Coutl) for REY recovery in acidic CMD ranged from 0.48 to 4.14, with an average of 1.69, which is much higher than 

the values previously reported for other coal mines worldwide, indicating that CMD with pH≤5.5 has considerable 

prospect of resource recovery. CMD containing 29.8 mg/L of REEs with a pH value of 2.54 was collected and utilized 

as a raw material for REEs recovery tests. The results indicated that more than 85% of the REEs in CMD could be 

recovered by sequential precipitation - oxalic acid selective precipitation methods. A product containing 97% of a rare 

earth oxide was obtained by roasting of the precipitate at 750℃. Based on these findings, the CMD in southwest China 

is promising alternative source of REEs that can be effectively recovered and concentrated by staged precipitation. 
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Special Session 6: 84701 

 

Metal nanocolloids:  New forms, new risks of contamination of soil-plant systems 

 

Jingjing Li, Tenghaobo Deng and Rongliang Qiu 

 

jingjingli0910@163.com 

 

Where metal contamination in soil is a prominent global problem, and where enriched metals may be taken up, 

transported and accumulated by plants and ultimately endanger human health through the food chain, identifying the 

environmental behavior of metals in soil and their transport and transformation patterns by plants can help to 

scientifically assess their ecological and health risks. It has been shown that in addition to the dissolved state of the soil, 

metals in nanocolloid form can also be taken up, transported and accumulated by plants as a new form of contamination. 

The results of this study showed that in the soil 61.1% of the chromium was present in colloidal form, 26.8% in ionic 

form and 12.1% in precipitated form, indicating that most of the Cr was agglomerated into colloids. Moreover, plants 

have different uptake patterns and use efficiency for different forms of Cr. Colloidal Cr is taken up by rice through 

endocytosis, while ionic Cr is taken up through low affinity cation channel proteins. Based on the results of this study, 

it is important to separate out metal nanocolloids in subsequent studies of the biogeochemical behaviour and 

bioavailability of metal contamination in soils, rather than classifying them as dissolved. However, the environmental 

and human health risks of this new state of contamination are still poorly understood. This study will provide a 

theoretical basis for the transport and release of metal nanocolloids and their contribution to plant uptake. 
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Special Session 6: 84766 

 

Chloroplast autophagy and mitochondrial dysfunction caused by thallium stress are mediated by the 

activation of oxidative damage in rice 

 

Chwan-Yang Hong, Jian-Zhi Huang, Chin-Yu Wu and Min-Yu Yang 

National Taiwan University 

 

cyhong@ntu.edu.tw 

 

Thallium (Tl) is the most hazardous metal. However, its toxicity to rice remains largely unknown. To explore the toxic 

effect of monovalent Tl on rice seedlings, we treated hydroponically grown 2-week-old rice seedlings with 0.1 to 100 

μM TlNO3. Plant growth was severely inhibited by TlNO3 > 1 μM. Tl enhanced total protein degradation and increased 

the accumulation of reactive oxygen species (ROS) and malondialdehyde (MDA), especially in young leaves. Total Tl 

concentration was about 5 to 15 times higher in roots than leaves and was higher in young leaves than mature leaves. 

Ultrastructural analysis showed that Tl promoted chloroplast autophagy and caused swelling and cristae degradation in 

mitochondria in rice. Mutation of the chloroplast- and mitochondria- dual localized antioxidant enzyme glutathione 

reductase 3 revealed a significantly lower photosynthetic efficiency and rapid degradation of chloroplast proteins under 

Tl stress as compared to WT. Analysis of mitochondrial ROS by flow cytometry with MitoSOX revealed strong 

fluorescence in Tl-treated rice protoplasts. Transgenic rice overexpressing AOX1a, the primary gene responsible for 

mitochondrial ROS scavenge, markedly increased Tl tolerance, further evident that Tl-induced the high accumulation 

of ROS in mitochondria. Together, these results indicate that Tl-induced toxicity enhances reactive oxygen species 

production in chloroplasts and mitochondria, thereby causing chloroplast autophagy and mitochondrial dysfunction in 

rice. 
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Special Session 6: 84767 

 

Simultaneously knocking out OsPht1;9 and OsPht1;10 gene based on CRISPR/Cas9 technology 

decreases arsenic accumulation in rice grains 

 

Huayuan Feng and Yue Cao 

Sun Yat-sen University 

 

fenghy27@mail.sysu.edu.cn 

 

Arsenic (As) accumulation in rice grains poses health risk to humans. Plants including rice take up arsenate via 

phosphate transporters. In this study, we investigated the roles of rice phosphate transporter OsPht1;9 and OsPht1;10 in 

arsenate uptake and transport. On the basis of transcriptome database and quantitative real-time polymerase chain 

reaction (qRT-PCR), we found that the expression of OsPht1;9 was stable under As exposure. And OsPht1;10 expression 

levels were up-regulated 4.7 times under As exposure. In yeast mutant strain EY917 (lacking all five phosphate 

transporters), compared with OsPht1;4, the growth of yeast that expressed OsPht1;9 or OsPht1;10 was significantly 

inhibited by As(V). Consistent with this result, yeast that expressed OsPht1;9 or OsPht1;10 accumulated more As(V), 

suggesting that OsPht1;9 and OsPht1;10 showed strong affinity and transport capacity for arsenate. Further, we 

constructed OsPht1;9 and OsPht1;10 double knockout rice mutants by CRISP-Cas9 technology for endogenous 

experiments. When cultivated in medium (+P or -P) with As(V), the tolerance of rice mutants to As(V) was enhanced 

compared with the wild type. The shoots arsenic accumulation in rice mutants decreased by 46% to 66% under 

hydroponics. Analysis of the xylem sap showed that As(V) concentrations in rice mutants were 16.5%-34.8% lower 

than WT controls. These results indicated that OsPht1;9 and OsPht1;10 may mediate As(V) uptake and translocation. 

When grown in the pot soils with As, the As concentrations in grains and straws of rice mutants were reduced 

significantly, especially the grain As accumulation decreased by 24%-39%. More importantly, knocking out of OsPht1;9 

and OsPht1;10 had minimal effects on phosphorus content and yield of rice. The results of this study showed that 

knocking out OsPht1;9 and OsPht1;10 gene could reduce rice grain As accumulation without affecting its utilization of 

phosphorus nutrition and growth and yield. This study shed light on engineering low-arsenic rice and improving food 

safety. 
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Special Session 6: 84960 

 

Phosphorus effect on rare earth elements phytoextraction and REE-plant interaction 

 

Youssef LAMWATI¹, Blanche COLLIN¹, Mouna Fahr², Abdelaziz SMOUNI², Clément LEVARD¹, Bernard 

Angeletti¹, Manuel Le Bris³, Tao CELCE¹, Catherine KELLER¹ and Stéven CRIQUET³ 

¹ Aix Marseille Univ, CNRS, IRD, INRA, Coll France, CEREGE, Aix-en-Provence, France, ²  Laboratoire de 

Biotechnologie et Physiologie Végétales, Faculté des Sciences, Université Mohammed V, ³ Aix Marseille Univ, Univ 

Avignon, CNRS, IRD, IMBE, Marseille, France 

 

lamwati@cerege.fr 

 

Rare earth elements (REE) are essential and critical metals for high technologies. Due to the increasing demand in these 

elements over the world, some metallurgical residues may constitute secondary and alternative resources in REE. 

Bauxite residues (BR), produced during alumina extraction processes, are rich in REE. Their extraction through classical 

hydrometallurgical methods may be harmful for environment because of the strong acid solutions employed. Some 

plants, such as Phytolacca Americana (PA), are known to hyperaccumulate REE. Thus, phytoextraction potential of 

these plants, through root absorption and translocation mechanisms to aerial parts, could be used as an eco-friendly 

alternative for REE extraction from industrial residues. The potential of PA to extract and translocate REE from BR was 

thus investigated. Because of their high pH and salinity values and their lack of nutrients, it was necessary to Modify 

BR (MBR) with gypsum and organic amendments (sewage sludge SS or compost COMP) to allow plant growth.  Results 

showed that MBR, particularly those amended with SS, were well adapted to PA growth. Unfortunately, REE contents 

in both roots and aerial parts were low, the main hypothesis being that the speciation of REE in BR, especially stable 

REE-phosphate phases, do not allow their efficient absorption by roots. New experiments were conducted to investigate 

this hypothesis, focusing on REE speciation with Yttrium (Y) taken as model. PA was grown on solid media with or 

without different concentrations of YPO4 (0 to 250 µM) to evaluate its solubilizing capacity through low molecular 

weight organic acid (LMWOA) or other chelating molecules investigated by metabolomic tools. Results of this 

experiment refer to Y plant contents, plant morphological traits (root architecture, above and belowground plant 

biomasses), plant stress indicators, rhizosphere LMWOA contents and plant metabolomic signatures. 
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Special Session 6: 85097 

 

Effect of reactive minerals on arsenopyrite dissolution and arsenic release mechanism 

 

Haojie Qu, Shizhong Wang and Rongliang Qiu 

Sun Yat-Sen University 

 

quhj3@mail2.sysu.edu.cn 

 

The world is commonly facing the arsenic contamination problem such as in mine drainage and underground aquifers, 

which caused by oxidative dissolution of arsenic-containing sulfide minerals. The oxidative processes and the arsenic 

fate are strongly affected by the weathering of geologic materials especially the reactive minerals pyrite (Py) and calcite 

(Cal). To elucidate the effects of reactive minerals on arsenic mobilization in the condition of complex geological 

composition, this bench-scale study examined arsenic mobilization from arsenopyrite (FeAsS) in the presence of 

different proportions of pyrite and calcite for 60 days. The results showed that the environmental risk of arsenic is lower 

in systems where pyrite and calcite coexist than in systems where they exist separately. Interestingly, in co-existing 

systems arsenic shows a pattern of release stage, fixation stage and re-release stage over time. Most notably, in the re-

release stage, the higher the ratio of pyrite to calcite, the lower the concentration of aqueous arsenic at the re-release 

stage, which represents a lower environmental risk. By combining various characterization methods of arsenopyrite 

coupons and powder particles, the secondary precipitates goethite and hematite were detected in Py and Cal co-existing 

systems and increased with the increase ratio of Py : Cal, which compensated the promoting impact of promoted 

dissolution, competitive adsorption and galvanic interaction on arsenic release. These new observations based on 

reactive mineral perspective provide a strong support for understanding the geochemical behavior of arsenic release in 

the various natural environments and propose here a viable, practical mechanism for reduced arsenic release from 

oxidative dissolution of arsenic-containing sulfide minerals through controling the proportion of coexisting reactive 

minerals. 
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Special Session 6: 85115 

 

Natural source of Cr(VI) in soil: The anoxic oxidation of Cr(III) by Mn oxides 

 

Shizhong Wang, Ming Ao, Shengsheng Sun and Rongliang Qiu 

Sun Yat-sen University 

 

wshizh2@mail.sysu.edu.cn 

 

Cr(VI) from oxidation of geogenic Cr(III) minerals is gradually becoming the primary source of Cr(VI) in soils and 

groundwater instead of direct emissions. Thermodynamically, natural oxidants of Cr(III) are limited to O2 and Mn 

oxides. The oxidation of Cr(III) occurs commonly in oxic soils but the difference in the oxidative dissolution of Cr(III) 

by Mn oxides in different redox soils (especially under anoxic conditions) is not fully understood and field evidence is 

lacking. Here, the relationship between Cr(VI) and Mn oxides in basalt-origin soil profiles under three different redox 

conditions (anoxic, suboxic and oxic) was studied. The oxidative dissolution of chromite was validated by synthesising 

δ-MnO2 that was close to biogenic Mn oxides under anoxic and oxic conditions. In anoxic soils, high levels of Cr(VI) 

were detected in the same horizons as those where Cr(III)-minerals co-existed with Mn(III/IV) oxides, suggesting an 

exclusive pathway for Cr(VI) generation through oxidation by Mn oxides where there was a deficiency of other oxidants, 

such as O2. In oxic soils, the highly abundant Fe oxides combined with Cr(III) to form Cr(III)-Fe(III) oxyhydroxides 

and Cr(VI) was generated mainly via slow oxidation by O2. The chromite oxidation experiment results also indicated 

that a high abundance of Mn oxides could promote chromite oxidative dissolution to generate Cr(VI), even under anoxic 

conditions. Additionally, the form of Cr and the reactivity and abundance of Mn oxides and reducing agents controlled 

the net content of Cr(VI) in the soil. This study showed that, even under reducing conditions, Cr(III) is readily oxidised 

by Mn oxides to generate Cr(VI) in reductant-deficient and Mn-rich soils, which may lead to the continuous introduction 

of Cr(VI) into groundwater and agricultural soils. 
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Special Session 6: 85137 

 

Biological aqua crust mitigates metal(loid) pollution and the underlying immobilization mechanisms 

in mining areas 

 

Guobao Wang¹, Yongqiang Yuan¹, Jean-Louis Morel², Zekai Feng; Daijie Chen¹, Chunfeng Lu¹, Meina Guo¹, Chong 

Liu¹, Shizhong Wang¹, Yuanqing Chao¹, Yetao Tang¹, Dongye Zhao³, Shi Xiao¹, Weixian Zhang⁴ and Rongliang Qiu¹ 

¹ Sun Yat-sen University, ² Université de Lorraine, ³ Auburn University, ⁴ Tongji University 

 

wanggb25@mail.sysu.edu.cn 

 

Biocrust-mediated in situ bioremediation could be an alternative strategy to mitigate metal(loid) pollution in aquatic 

habitats. To better understand the roles of biocrusts in regulating the fate of metal(loid)s, we examined the morphology, 

composition and structure of biological aqua crusts (BAC) developed in the mine drainage of a representative Pb/Zn 

tailing pond, and tested their effectiveness for immobilizing typical metal(loid)s. Unlike terrestrial biocrusts, BAC 

results from an assembly of compounds produced by the strong microbial activity and mineral compounds present in 

the aquatic environment. The BAC exhibited a unique flexible, spongy and porous structure with a specific surface area 

of 12-22 m2/g, and was able to effectively concentrate various metal(loid)s (e.g. Cd, 0.26-0.60 g/kg; Pb, 0.52-0.66 g/kg; 

As, 10.4-24.3 g/kg). The concentrations of metal(loid)s (e.g. Cd and As) in the BAC were even three to seven times 

higher than those in the source tailings, and more than 98% of immobilized metal(loid)s were present as the highly 

stable non-EDTA-exchangeable fraction. Adsorption on the well distributed micro-particles of the clay minerals (e.g. 

kaolinite) and the organic matters (2.0-2.7 wt.%) were found to be the major mechanisms for BAC to bind metal cations, 

whereas adsorption and coprecipitation on Fe/Mn oxide (e.g. FeOOH), was proposed to be the dominant pathway for 

accumulating metal(loid)s, especially As. The decrease in aqueous concentrations of the metal(loid)s along the drainage 

could be attributed in part to the scavenging effects of the BAC. These findings therefore provide new insights into the 

possible and efficient strategy for metal(loid) removal from water bodies, and highlighted the important role of BAC as 

a nature-based solution to benefit the bioremediation of mining area. 
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Special Session 6: 85222 

 

Potential mechanisms of Fe mineralization and metal(loid) immobilization mediated by microalgae in 

mine drainage 

 

Daijie Chen¹, Guobao Wang¹, Shizhong Wang¹ and Rongliang Qiu² 

¹ Sun Yat-sen University, ² South China Agricultural University 

 

1332839027@qq.com 

 

Fe minerals are of great significance in the immobilization of metal(loid)s in mine drainage. Photoautotrophic 

microalgae widely existed in mine drainage, and the coexistence of microalgae and Fe minerals was generally found. 

However, research on Fe mineralization has been limited to oxygen-driven chemical oxidation or oxidizing-bacteria-

induced biomineralization, with few endeavours linking it to microalgal physiological activities. Based on analyses in 

simulated mine drainage containing individual microalgae (or microalgal-bacterial consortia), metal(loid)s with 

different environmental behaviors (As and Cd), and Fe(Ⅱ), the mechanisms of Fe mineralization and metal(loid) 

immobilization induced by microalgae were revealed. Studies showed that after 90 days of cultivation, only consortia 

group precipitate more than 97% As and Cd, with jsut 26% removal of Cd in the presence of bacteria and 88% removal 

of As in the blank control. At the beginning of cultivation, microalgae can increase their tolerance to toxic metal ions 

by interacting with bacteria. Then, the increase of pH (> 10) caused by microalgal photosynthesis can precipitate Cd by 

hydrolysis as well as remove As by accelerating Fe mineralization. Meanwhile, our research also showed that the 

phycosphere of microalgae can specifically recruit prokaryotic microorganisms related to metal(loid) immobilization, 

such as Fe-oxidizing bacteria to form biogenic Fe minerals with higher As adsorption capacity, or sulfate-reducing 

bacteria to form CdS precipitation. Taken together, our findings newly suggest that microalgae-induced Fe 

mineralization is a universal mode of contaminant attenuation, which may provide theoretical support for geochemistry 

of metal(loid)s in mine drainage. 
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Special Session 6: 85297 

 

Regional differences in distribution and association of metal(loid)s on soil nanoparticles in 

contaminated agricultural soils 

 

Kengbo DING, Miaoyue Zhang, Chao Jin, Xi Zhong, Volker Nischwitz, Yuanqing Chao, Shizhong Wang, Erwin 

Klumpp, Ye-tao Tang and Rongliang Qiu 

 

dingkb3@mail.sysu.edu.cn 

 

Binding of metal(loid)s by soil nanoparticles (SNPs) can strongly influence the biogeochemistry of metal(loid)s in soil, 

while climatic factors can affect the formation of SNPs. Compared to the temperate climate in northern China (NC), 

subtropical climate in southern China (SC) is more favorable for the formation of SNPs and thus increase the enrichment 

of Pb, Zn, Cu, Cd, and As on SNPs. In addition, a small SNP fraction (1-20 nm) that mainly composed of organic carbon 

and Ca, and a large SNP fraction (50-150 nm) that composed of minerals and organic matter were ubiquitously existed 

in these agricultural soils. Abundances of the small and large SNP fractions, as well as the masses of the metal(loid)s in 

these two SNP fractions, were also found higher in SC than that in NC. Moreover, Cu was evenly distributed on both 

SNP fractions, while Pb and As were more distributed on the large SNP fractions, which could possibly result in the 

differences of their bioavailability. These results highlight the significance of SNPs for the biogeochemistry of 

metal(loid)s, contamination management, and soil remediation. 
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Special Session 7: 83995 

 

Selection of iron-based nanomaterials for soil remediation through a novel approach based on 

pollutants leachability and toxicological assessments 

 

Diego Baragaño¹, Alberto Soto-Cañas², Lorena Salgado³, Carlos Rumbo², Rubén Forján³, Rocío Barros² and José Luis 

R. Gallego³ 

¹ University of Cantabria, ² ICCRAM, Universidad de Burgos (Spain)., ³ University of Oviedo 

 

diego.baragano@unican.es 

 

The application of Fe-based nanoparticles for metal(loid)s polluted soil remediation has become a popular technology 

in order to achieve pollutants immobilization, especially in As-polluted soils. While various types of these nanoparticles 

are readily available in the market, the selection of the most suitable nanomaterial for a specific study case is not clearly 

defined. Furthermore, the potential risks of the nanomaterials to human health when present in soil have yet to be 

explored. In light of this, we present a novel methodology according to pollutants monitoring and toxicological 

parameters to determine the appropriate type of Fe-based nanoparticles for a specific soil. The process includes analysing 

soil pH, electrical conductivity, pollutants leaching (TCLP extraction), phytotoxicity, As bioaccessibility (RBA), and 

also performing in vitro tests through different model organisms (the human cell line HepG2 and the yeast 

Saccharomyces cerevisiae) by analysing leachates obtained from soils. To test this approach, four different Fe-based 

nanoparticles were selected: zero-valent iron nanoparticles (nZVI, from NANOIRON), sulfidized zero-valent iron 

nanoparticles (S-nZVI, from NANOIRON), magnetite nanoparticles (from Sigma Aldrich), and goethite nanoparticles 

(from ColFerroX). The nanomaterials were applied in four different types of soil: two industrial soils with varying levels 

of As contamination, a mining soil contaminated with As and Cu, and another mining soil contaminated with As and 

Pb. Our results revealed that nZVI and S-nZVI were more effective for immobilizing As in industrial soils, indeed 

decreasing both phytotoxicity and cytotoxicity. On the other hand, ColFerroX performed poorly in most soils, but 

excelled in the mining soil polluted with As and Cu. Finally, magnetite nanoparticles were only successful in the As/Pb-

polluted mining soil. In conclusion, our approach enables to determine the most suitable Fe-based nanomaterial for soil 

remediation by evaluating not only the effectiveness in reducing pollutants leachability, but also by addressing the 

toxicological potential of the soils for the human health and the environment. 
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Special Session 7: 84335 

 

Removal of heavy metals from water by sulfidated nanoscale zero-valent iron (S-nZVI) 

 

Martin Lichovník and Jan Filip  

Regional Centre of Advanced Technologies and Materials, Czech Advanced Technology and Research Institute 

(CATRIN), Palacký University Olomouc 

 

martin.lichovnik@upol.cz 

 

Sulfidation of nanoscale zero-valent iron (nZVI) particles generally affects their interaction with pollutants. In this study, 

we examined the differences in the removal of Pb(II), Cu(II), Ni(II), Cd(II) and As(V) by sulfidated (S-nZVI) and non-

modified nZVI particles. For the synthesis of S-nZVI, we applied an easily scalable process, treating commercially 

available pyrophoric nZVI in the form of a powder with a solution of sodium sulfide. The nominal S/Fe mass ratio was 

set at 0.01. Contrary to most of the published research on S-nZVI, this process avoids the use of sodium borohydride as 

a reducing agent, making it more suitable for real applications. The effect of sulfidation on the removal of heavy metals 

was studied through: (i) removal efficiency and kinetics in short-term (120 min) batch tests, (ii) evolution of 

physicochemical parameters (pH and oxidation-reduction potential) and (iii) heavy metal speciation on (S-)nZVI 

particles after the reaction. The reaction systems consisted of a 100 mg/L aqueous solution of the respective heavy metal 

ions to which a freshly prepared 20% (S-)nZVI dispersion was added to reach the concentration of 1 g/L (S-)nZVI. 

Deoxygenated deionized water was used in all experiments. In a series of long-term experiments, we also evaluated the 

effect of sulfidation on the remobilization (leaching) of heavy metals. We applied X-ray photoelectron spectroscopy 

(XPS) and X-ray powder diffraction (XRD) to gain information about the removal mechanisms (e.g., reductive 

deposition and surface precipitation). The results of these characterization techniques helped us understand the 

differences in the observed removal efficiencies between S-nZVI and nZVI and consider the usefulness of S-nZVI for 

the remediation of water polluted with the respective heavy metals. 
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Special Session 7: 84361 

 

Use assessment of tailor-made and commercial iron nanoparticles in soils:  Effects on the growth of 

Lolium perenne 

 

Daniel Arenas Lago, Rocío González Feijoo, Andrés Rodríguez Seijo, David Fernández Calviño and Manuel Arias 

Estévez 

Universidade de Vigo 

 

darenas@uvigo.es 

 

The use of nanoparticles (NPs) and their application in industry, agriculture, and the environment have increased 

considerably in recent decades. Specifically, FeNPs are used to mitigate the effect of metal pollutants in water and soils. 

However, there is a severe concern about the possible adverse effects of NPs on the environment, so it is necessary to 

know their behavior and fate in the different ecosystem compartments. In this study, we investigated the behavior of 

three FeNPs (commercial hematite and maghemite, and synthesized hematite) in soils and their effects on the growth of 

Lolium perenne. An experiment was carried out in pots where L. perenne seeds were sown in soil previously treated 

with different concentrations of FeNPs (0 to 5 %). The pot assay was carried out in a climatic chamber for three weeks 

before harvesting. The same procedure was carried out for two growth cycles. Different parameters related to the growth 

of this species were determined, such as total biomass and Fe content in the aerial part in two growth cycles. Also, the 

available Fe contents in the soil and Fe in L. perenne were determined. The main results showed that hematite NPs 

(regardless of concentration) did not affect the germination, growth, and development of L. perenne. However, the 

highest contents of maghemite NPs negatively affected L. perenne growth. Low contents of available Fe in soils treated 

with NPs indicated that the NPs were chemically stable and do not undergo a dissolution process. Besides, Fe can be 

accumulated in the aerial part of L. perenne without showing toxicity. This species is tolerant to high contents of hematite 

and maghemite NPs in the soil. Therefore, L. perenne might be very effective as a vegetation cover in soils where these 

NPs are used for nanoremediation ends. 
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Special Session 7: 84543 

 

Migration of nano-zero-valent iron: Surface modification effect 

 

Veronika Veselská¹, Jan Šembera, Petr Parma and Jan Filip 

¹ Palacky University 

 

veronika.veselska@upol.cz 

 

The nanoscale zero-valent-iron (nZVI) particles are suitable for remediation technologies but their utilization is limited 

by their low chemical stability. Hence, new strategies are evolving in the recent years to modify nanoparticles surface 

leading enhancement of their mobility and dispersibility. Controlled surface modification of nZVI (oxidation, 

sulphidation, modification by biodegradable agents) and synthesis of advanced nZVI-based materials such as iron 

nitrides, represent efficient tools for increasing the capability of nZVI to reduce a wide range of contaminants in the 

environment. However, detailed study regarding fate, transport and ecotoxicological effects of these materials should 

become a key issue in future research. This study is intended to fill a missing gap in a complex view on the nZVI 

behavior highlighting migration in saturated porous media. Five differently modified types of nanoparticles have been 

investigated in model setting while simulating the optimal set-up during their field utilization. Transport was monitored 

in long-column (2 m, i.d. 20 mm) periodically scanned for changes in ferromagnetic susceptibility of the quartz sand 

with penetrated nZVI. Deposition and release of nanoparticles have been simulated with kinetic coefficients using 

software package MNMs 2018 (Micro- and Nanoparticles transport, filtration and clogging Model - Suite). Flow 

velocity and ionic strength dependent transport has been modeled with two interaction sites by a set of partial differential 

equations in 1D Cartesian coordinates. A coupled experimental - modeling approach emphasizes comparing of various 

sets of nanoparticles via non-destructive quantification in the column and direct prediction of deposition-release 

dynamics. The attachment and detachment parameters have been estimated combining linear, ripening, blocking or 

straining mechanisms. Sulfidation and nitridation of nZVI are expected to aid in targeted surface design of nZVI for its 

optimal migration during application. The results of this investigation could promote both pertinency of further 

commercial use and prevention of side effects related to nZVI utilization. 
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The effect of dynamic redox conditions on metal(loid) immobilisation using nZVI and biochar: New 

insight into soil remediation efficiency 

 

Aikaterini Mitzia¹, Martina Vítková¹, Xing Yang², Sabry Shaheen² and Jörg Rinklebe² 

¹ Ghent University, ² Jimma University, ³ KU Leuven, ⁴ Cornell University 

 

mitzia@fzp.czu.cz 

 

Immobilisation of metals and metalloids in soils using amendments such as biochar (BC) and nano zero-valent iron 

(nZVI) is very popular but most of the studies are based on rather simple laboratory experiments. Flooding events which 

are likely in the field may provoke fluctuations in the Eh and pH and therefore can significantly affect the metal(loid) 

mobility [1]. A microcosm experiment under changing redox conditions can simulate field conditions in the laboratory 

and give us insight about the immobilisation efficiency of soil amendments.  

A real multi-element contaminated soil from the Czech Republic was individually incubated for 3 months with 2 wt.% 

of i) a woody BC, ii) a commercial product of nZVI and iii) a composite of the two (nZVI-BC). An untreated sample 

was included as control. After the incubation period the soil treatments were used for a microcosm experiment [2]. The 

soil samples were individually placed in closed reactors in flooded condition and were continuously stirred for 3 weeks 

while the Eh was adjusted by the inflow of N2 and O2. Sampling of soil slurry was conducted at specific Eh windows 

and the concentrations of major and risk elements and carbon contents were determined.  

The effect of the redox changes on metal(loid) mobility was more prominent than the effect of the amendment.  The 

mobility trend of each risk element was similar for all the treatments, yet nZVI-containing treatments showed increased 

efficiency compared to BC. Arsenic was almost completely immobilised by nZVI and nZVI-BC, significant decrease 

by the nZVI-containing treatments was observed for Pb concentrations, while Zn concentrations were only slightly 

lower in the nZVI-treated soil compared to control. These results are supporting for the nZVI-containing treatments 

although more research with focus on redox oscillations is necessary to validate our findings.   

 
References: 

[1]. Ponting, J. et al., (2021). DOI:10.1016/j.scitotenv.2020.142040 

[2]. Yu, K., & Rinklebe, J. (2011). DOI:10.1016/j.ecoleng.2011.08.017 
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Special Session 7: 84838 

 

The application of S-nZVI for elimination of chlorinated hydrocarbons in contaminated aquifer: A 

long-term field study 

 

Jana Oborná¹, Ondřej Lhotský², Jan Slunský³ and Jan Filip¹ 

¹ Ghent University, ² Jimma University, ³ KU Leuven, ⁴ Cornell University 

 

jana.oborna@upol.cz 

 

A surface modification of nanoscale zero-valent iron (nZVI) with low-valent forms of sulfur compounds is a relatively 

new practice in the field of groundwater remediation. Sulfidation of nZVI (S-nZVI) particles provides more stability 

and enhanced electron transfer of nZVI to decontaminate chlorinated contaminants. Nowadays, many research groups 

over the world deal with the elimination of various pollutants using S-nZVI. Nevertheless, in situ application of S-nZVI 

for the chemical degradation of chlorinated hydrocarbons (CHCs) was reported scarcely in the literature. Herein we 

report results from a pilot application of 150 kg commercial S-nZVI (NANOFER 25DS purchased from NANO IRON, 

Czech Republic). The nanomaterial was injected as an aqueous suspension (concentration approx. 3 g/L) employing the 

pressure injection into the permanent wells. The soil and groundwater are characterized by a high concentration of 

CHCs, namely trichloroethylene, reaching up to ten mg/L. S-nZVI application increased pH, an evolution of gaseous 

products of CHCs degradation (ethane, ethene, acetylene) and decreased redox potential. Long-term monitoring of 

contaminated groundwater has proven the decrease of CHCs sum for six months in the highly contaminated deeper 

horizons. XRD analysis from the recovered solid samples from monitoring wells also indicates high stability of applied 

nanomaterial for at least 11 months, where trebeurdenite was observed as the main degradation product of S-nZVI. 
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Surface treatment of biochar with zero-valent iron nanoparticles and amorphous manganese oxides: 

Contrasting metal capture behavior in aqueous solutions and soils 

 

Barbora Böserle Hudcová, Martina Vítková, Petr Ouředníček and Michael Komárek 

Department of Environmental Geosciences, Faculty of Environmental Sciences, Czech University of Life Sciences 

Prague, Kamýcká 129, Praha - Suchdol, 165 00, Czech Republic 

 

hudcovab@fzp.czu.cz  

 

Although there are a number of studies dealing with biochar-based composites using different coatings including zero-

valent iron and manganese oxides, many questions still remain unanswered. Specifically, the necessity of material 

activation before their application not only at different conditions but also in different time horizons, as well as the effect 

of the selected active phase on the overall efficiency of materials at the same conditions (including the equal amount of 

active phase on the biochar surface). For the purposes of this study, wood biochar (BC) was selected, on which 

nanoparticles of zero-valent iron (nZVI/BC) and amorphous manganese oxides (AMO/BC) were synthesized, and their 

effectiveness against Zn and Cd in aqueous solutions and further in real metal-contaminated soils was tested. Material 

characterization (XRD, SEM/EDX, FTIR, XPS) and individual experiments (adsorption in aqueous solutions and 

incubation in soils) were performed both for untreated materials and for materials activated in a dense aqueous 

suspension. According to assumptions, the effect of activation on the material structure was negligible for BC and 

AMO/BC, but in the case of nZVI/BC, the appearance of new phases related to the oxidation of materials was evident. 

Also, the efficiency of Zn and Cd capture increased in the case of activated nZVI/BC showing the important role of 

activation before application to aqueous solutions. On the other hand, the differences in effectiveness in soils were not 

significant. When comparing the effectiveness of individual materials, AMO/BC showed significantly better sorption 

properties in aqueous solutions. However, the effectiveness of nZVI/BC in soils was almost comparable, sometimes 

even higher. The results of this study, therefore, point not only to the (un)necessity of material activation before their 

application but also to the fact that comprehensive studies of the effectiveness of materials in laboratory conditions in 

both water and soil conditions are necessary to evaluate the usability of materials before their application on a wider 

scale. 

 

 
 
 
 
 

 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 550



 

 

Special Session 7: 84972 

 

Sediments accumulated in mining dams - contamination risks versus natural attenuation potential  

 

Patrícia Gomes and Teresa Valente 

ICT, Pole Minho, University   of Minho 

 

patriciagomes@dct.uminho.pt 

 

The clogging of mining dams, due to the accumulation of sediments, is a known problem that brings with it several 

disadvantages, from the decrease in the capacity to store water, to its contamination, such as that of the surrounding 

environment. 

The present work proposes the study of sediments that are deposited along the fluvial system, in one of the largest 

metallogenic provinces in the world – the Iberian Pyrite Belt. These, obtained through drilling, represent materials that 

have undergone transport and that eventually show manifestations of mineralogical and geochemical evolution. For this 

purpose, techniques such as X-ray diffraction were applied in order to obtain representative diffractograms and 

indicators of the mining waste evolution process. The same sediments were also subjected to chemical and 

morphological analyses, using ICP-MS, SEM, and TEM. 

The mineralogy showed evidence of clay minerals degradation, a sign of chemical instability justified by the acidity. 

The finest fraction is characterized by clays, iron oxyhydroxides and other newformed minerals. The sediments 

geochemistry demonstrates the influence of the contamination inherited from the exploitation, through the high 

concentrations of elements with a typical source of mining (such as Fe, As and Pb), allied to the mineralogy of the host 

rocks. 

The metallic concentrations in the sediments are related to the proximity to the most reactive waste-dumps, that have 

higher concentrations of potential toxic elements. The existence of accumulation factors > 1 and the risk indices applied, 

reveal that the elements are more concentrated in the finest fraction, and may be adsorbed in minerals such as clays, iron 

oxyhydroxides and jarosite. This enrichment can contribute to an additional ability to disperse pollutants. However, 

depending on the stability of secondary minerals, risk contamination could be reduced by scavenging the toxic elements. 

Therefore, monitoring and containment studies through remediation measures are urgent for the affected area. 
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Special Session 7: 85229 

 

Effectiveness of three commercial iron-based nanoparticles for immobilizing metal(loid)s in polluted 

soils 

 

Diego Baragaño¹, Juan Alonso², Verónica Peña³, J.R. Gallego³, M. Carmen Lobo² and M. Mar Gil-Díaz² 

¹ Universidad de Cantabria/ University of Cantabria; ² IMIDRA; ³ Universidad de Oviedo 

 

mar.gil.diaz@madrid.org 

 

Metal(loid) soil pollution is a worldwide issue. Unlike organic pollutants, metal(loid)s do not show degradation and can 

persist in soils for long periods of time. Typically, the total concentration of metal(loid)s in soil has been used in the 

risk assessment of polluted sites, but this method provides limited information on their potential impact on soil 

organisms. Bioavailability (the fraction of metal(loid) that can potentially be absorbed by living organisms) is becoming 

a more widely used indicator of environmental risk. However, there is no consensus on analytical methods for evaluating 

metal(loid) bioavailability in soils, and more research is needed. Recently, nanotechnology has enabled the generation 

of cost-effective and environmentally friendly remediation materials, including iron nanoparticles that have been used 

successfully to immobilize metal(loid)s in polluted soils. The goal of this study was to evaluate the effectiveness of three 

commercial iron nanoparticles for immobilizing metal(loid)s in polluted soils using three single extraction methods. 

Soil samples were collected from two areas (A and B) in the surroundings of Avilés (NW Spain), a town with a large 

harbor and various industries including steel production, Zn hydrometallurgy, fertilizer production, and glass 

manufacturing. Both soils showed high concentrations of Zn, but soil A was also contaminated by As and Cu, while soil 

B revealed the presence of Cd and Pb. Soil samples were treated with different doses of the nanoparticles (nanoscale 

zero-valent iron, nanogoethite and nanomagnetite), and metal(loid) availability was evaluated using CaCl2, TCLP and 

EDTA reagents. The study also evaluated the efficiency of the nanoremediation treatments in reducing soil phytotoxicity 

using a germination assay. Overall, the results revealed different extraction capacity among protocols, 

EDTA>TCLP>CaCl2. The effectiveness of metal(loid) immobilization depended on the nanoparticle and metal(loid). It 

is remarkable that the nanogoethite was the most effective for immobilizing As, but it caused higher phytotoxicity than 

the other nanoparticles. 
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Remediation of As-contaminated soil using coal ash 

 

Hun Ho LEE¹, Se Jin Oh, Min Woo Kang, Jong Cheol LEE¹, Dong Hwan Shin, Linzhi Li Sang, and Sang Soo LEE¹ 

¹ Yonsei University 

 

hun777@yonsei.ac.kr 

 

Mining activities, smelter discharges, and sludges are the major sources of heavy metal contamination to soils. Arsenic 

is an important environmental problem because it is harmful as it moves and accumulates into organisms through various 

channels. The objective of this study was to determine the efficiency of magnetite and bottom ash derived from coal ash 

in remediating As-contaminated soil. An incubation experiment was conducted for 10 weeks. Magnetite and bottom ash 

at different rates and ratios were applied to each plastic bottle repacked with 1,000 g of dried As-contaminated soil. 

After 3-weeks of incubation, the concentrations of available As were measured by using Mehlich-3, SBET, and 

sequential extraction methods. All of the subjected soil amendments resulted in significant decreases in available As 

concentration compared to the controls. The addition of magnetite at the highest rate was the best to stabilize As in the 

soils; however, the values of As concentration varied with the extraction methods. To ensure the stabilization accuracy 

of heavy metals in soil, both single and sequential extractions are recommended. The magnetite derived from fly coal 

ash can also be applicable as a heavy metal stabilizer for the As-contaminated soil.  

 
Funding: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean 

government (MSIT) (No. 2022R1A4A1029632). 
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Special Session 8: 84249 

 

The soil-air mercury release characteristics and mechanisms in the greenhouse with fertilization 

 

Rongguo Sun, Jun Wang and Li Fan 

Guizhou Normal University 

 

srg@gznu.edu.cn 

 

The release process of soil Hg(0) from soil interface to atmosphere was researched after amended with organic fertilizer 

in the greenhouse. With organic fertilizer dosage increased, the soil-air Hg(0) release fluxes and GEM were shown a 

decline tendency. The GEM in greenhouse are predominantly come from soil-air Hg(0) release, and the soil Hg(0) is an 

important species for the soil Hg release across soil-air interface. After the soil amending with organic fertilizer, ambient 

environment conditions (light intensity, soil temperature, and soil moisture) are no longer the key factors for the soil-air 

Hg(0) release fluxes, superseded were the soil properties (pH, SOM, and Eh). The transform of Hg(0), Hg(I), and Hg(II) 

were influenced due to the variation soil properties amending with organic fertilizer, resulting in the release process of 

soil Hg(0) can be affected. Besides, the organic fertilizer can adsorb soil Hg(0), immobilization the soil Hg(II), promote 

the oxidation process of soil Hg(0) via the Hg(0)/Hg(I) and Hg(I)/Hg(II), and the reduction process of soil Hg(II) was 

inhibited. Ultimately, reducing the soil-air Hg(0) release fluxes and GEM. Meanwhile, the organic fertilizer could 

simulate the survival of Hg-resistant microbial, and decreased Hg-sensitive microbial, which the generated Hg(0) by 

soil microbial were quickly adsorbed and oxidized with the organic fertilizer, contributed to the soil Hg(0) release was 

inhibited. This study can provide theoretical basis for process of the soil-air Hg(0) release in greenhouse soil amending 

with organic fertilizer. 
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Mercury loss balance after a prescribed fire in a scrubland from NE Portugal 

 

Melissa Méndez-López¹, Andrea Parente-Sendín¹, Noemi Calvo-Portela¹, Felicia Fonseca², Leonardo Kipper-Alves², 

Renecleide dos Santos², Tomás de Figueiredo², Juan Carlos Nóvoa-Muñoz¹ and Flora Alonso-Vega¹ 

¹ University of Vigo, ² Polytechnic Institute of Bragança 

 

edjuanca@uvigo.gal 

 

Soils are considered net sinks of atmospheric Hg, although some external disturbances such as wildfires can transform 

them into Hg sources. Prescribed fires, as a tool to prevent and mitigate wildfire damages, may also disrupt Hg cycling 

in soils to some extent. The main consequence of burning is the release of Hg to the atmosphere by volatilization, but 

also its mobilization to watercourses by erosion. 

This study assesses Hg losses due to prescribed fire in a scrubland area in NE Portugal (Bragança). The flux of Hg by 

volatilization was estimated by analyzing total Hg in soil samples collected at 11 sites and different depths (organic 

horizon and 0-3, 3-6, 6-10, 10-20 cm mineral soil layers) before (BF) and after (AF) the prescribed fire. Secondly, the 

post-fire mobilization of Hg by erosion was assessed by analyzing total Hg in sediments collected in six erosion plots 

(4 m2) after six rainfall events during eight months since burning. 

The average content of Hg in the organic horizon decreased significantly (p < 0.05) from 53 to 42 µg kg-1 BF and AF, 

respectively, representing Hg losses at 3-70% and a mean flux of Hg to the air of 38.6 µg m-2. In the mineral soil, total 

Hg content did not vary significantly AF compared to BF, although some 0-3 cm layers total Hg increased AF. This 

could result from the mobilization of Hg-containing ashes originated from the combustion of the overlying organic 

horizon. 

The mean amount of Hg mobilized by erosion for eight months after the prescribed fire was 4.8 µg m-2 and it was 

positively correlated with the accumulated precipitation (rs = 0.443; p < 0.01; n = 36). Although Hg mobilized by erosion 

was 8 times less than that volatilized, Hg transported by sediments after fires deserves much more attention due to its 

side effects on freshwater ecosystems. 
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Special Session 8: 84485 

 

May biochar be a suitable amendment to mitigate mercury availability from contaminated sediments? 

Preliminary evidences from leaching and incubation experiments 

 

Elena Pavoni¹, Elisa Petranich¹, Federico Floreani¹, Matteo Crosera², Giovanna Marussi², Nicolas Greggio³, Beatrice 

Campanella⁴ and Stefano Covelli¹ 

¹ University of Trieste, Department of Mathematics and Geosciences, Italy, ² University of Trieste, Department of 

Chemical and Pharmaceutical Sciences, Italy, ³ University of Bologna, Department of Biological, Geological, and 

Environmental Sciences, Italy, ⁴ Institute of Chemistry of OrganoMetallic Compounds (CNR-ICCOM), National 

Research Council, Italy 

 

epavoni@units.it 

 

Mercury (Hg) methylation and methylmercury (MeHg) production in sediments represent an environmental issue of 

concern due to potential bioaccumulation of MeHg along the trophic chain. These processes are especially enhanced in 

semi-confined aquatic systems where scarce water circulation, high organic matter production and frequent 

hypoxia/anoxia events may promote Hg mobility and methylation. In this context, the application of sustainable sorbent 

amendments may be an affordable and low impact remediation approach to mitigate Hg bioavailability. 

This study is focused on the Marano and Grado Lagoon (northern Adriatic Sea, Italy), which is known to be 

contaminated with Hg from the second largest Hg mine worldwide (Idrija, Slovenia) and from a decommissioned chlor-

alkali plant. Although the biogeochemical behaviour of Hg has been intensively investigated in this area, key 

information is lacking to understand if in situ sustainable remediation may be successfully employed to mitigate Hg 

mobility in porewaters and potential MeHg production. 

The aim of this study is to preliminary evaluate the application of vineyard pruning residues biochar on Hg contaminated 

sediments at a selected fish farm, one of the most productive sites devoted to aquaculture in the lagoon. Leaching tests 

were performed on biochar to evaluate the potential release of major and potentially toxic elements (PTEs) in solution. 

For porewater and sediment characterisation, two short sediment cores were collected and the surface sediment layers 

(0-5 cm) were extruded under an inert atmosphere: one was amended with biochar (3 % w/w) and one was untreated 

(control sample). Both samples were divided into different aliquots and incubated until 6 months. Porewaters were 

periodically extracted from both untreated and amended sediment samples and chemical analyses were performed on 

solid and dissolved fractions to evaluate the effect of biochar on the mobility of Hg, MeHg and other PTEs. 
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The importance of adsorbed mercury for future oil and gas decommissioning projects  

 

Lhiam Paton¹, Peter Crafts², David Clases¹, Raquel Gonzalez de Vega¹ and Joerg Feldmann¹ 

¹ University of Graz; ² Genesis Energies 

 

lhiam.paton@uni-graz.at  

 

The decommissioning of oil and gas infrastructure over the coming decades is inevitable; as a result of increased 

transition towards renewable energy sources or as resource fields are depleted. Any decommissioning strategies should 

be both cost effective and environmentally sound. As such, it is necessary to evaluate which contaminants are present, 

in which concentrations they are present and how to neutralise any risk posed to the local and wider environment. 

Mercury is a contaminant in oil and gas reservoirs which is known to be toxic, in several forms, and to bioaccumulate. 

Mercury is removed from hydrocarbon process streams by mercury removal units; however, this does not consider 

mercury which has adsorbed to transport pipelines.  

The aim of our work is to evaluate: the extent to which mercury is likely to have adsorbed on subsea pipelines, in which 

forms it is expected to be present and what impact this could have on local marine environments. Analysis by cold 

vapour atomic fluorescence spectrometry found that Hg adsorption onto a corroded carbon steel surface (0.12 ± 0.01 g 

Hg/m2) was four orders of magnitude higher than the adsorption levels on non-corroded carbon steel (1.4 x 10-5 ± 

0.04x10-5 g Hg/m2). Subsequent analysis by laser ablation inductively coupled plasma mass spectrometry highlighted 

co-location of Hg and Fe on the corroded steel surface and that removal of the corrosion layer sees a drop of 

approximately 80 % in mercury intensity.  

The levels of Hg adsorbed on the corroded steel surface suggest that the thousands of kilometres of pipeline which will 

be decommissioned over the coming decades hold a significant amount of mercury which could greatly affect oceanic 

mercury concentrations should is be allowed to leach into the surroundings. Further work, on the impact of HgS 

formation and cleaning strategies, is underway.   
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Variations in mercury concentration bioaccumulated in crayfish (Procambarus clarkii) in a transect of 

Valdeazogues River basic, Almadén Hg mining district 

 

José Ignacio Barquero Peralbo¹, Marta Lazzaroni², Jose María Esbrí³, Efrén Garcia-Ordiales⁴, Orlando Vaselli², Pablo 

Cienfuegos⁵ and Pablo Higueras¹ 

¹ Universidad de Castilla-La Mancha, Spain, ² Università degli Studi di Firenze, ³ Universidad Complutense de 

Madrid, ⁴ Fundación Universidad de Oviedo (FUO), ⁵ Universidad de Oviedo 

 

joseignacio.barquero@uclm.es  

 

The Almadén mercury mining district, located in South-central Spain, has been the most important producer of this 

element worldwide, until the cessation of exploitations in year 2007. The environmental consequences of this activity 

affects an area of some 250 km2, coincident both with a geological structure (the Almadén syncline) and a river basin 

(the Valdeazogues River). The old cinnabar (HgS) mines and mineral showings are scattered in the syncline and in the 

basin, favouring a wide distribution of the elements in the soils and sediments, as reported by previous publications from 

this team.  

 

Crayfish (Procambarus clarkii) is an exotic river crab, with has replaced the autochthonous one (Austropotamobius 

pallipes) due to its voracity. It is very common al along the Valdeazogues River and subsidiaries, and it is captured and 

consumed by local population in summer time, when it is easily captured in the ‘tablas’, water accumulated in river pods 

during the cessation of water running due the stational drought. Preliminary data on the Hg contents in this species, 

obtained in year 2005 in three localities on the area, reach up to 9060 ng/g (in muscle) and 26,150 ng/g (in 

hepatopancreas), as reported by one of the previous publications.  

 

In this communication we present new data on this issue, obtained during year 2022 all along the Valdeazogues River 

and in some of the subsidiaries. The general results showed maximum values of 36753 ng/g of total Hg in muscle, with 

and average value for the district of 2608 ng/g. Respect the methylmercury, this organic fraction varies between 60 to 

97% of the total Hg. Between males and females, males presented higher average values for total Hg (2916 ng/g) than 

females (2023ng/g) while the average percentage of methylmercury in both genders was quite similar (86% males and 

82% female). 
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Mercury in the Antarctic coastal zone (Admiralty Bay) 

 

Dominika Saniewska¹, Aleksandra Cichecka¹, Małgorzata Jarzynowska¹, Ewa Korejwo², Patrycja Płońska¹, Jacek 

Bełdowski², Piotr Bałazy², Michał Saniewski³ 

¹ University of Gdańsk, Poland, ² Institute of Oceanology, Polish Academy of Sciences, ³ Institute of Meteorology and 

Water Management – National Research Institute 

 

dominika.saniewska@ug.edu.pl  

 

Recent studies have found that the Antarctic is a sink for mercury (Hg). However the Hg cycle in this region is poorly 

understood. The aim of the research was to identify Hg sources in Antarctica and determine their potential for 

accumulation in the marine trophic web. Sampling was conducted in the Admiralty Bay, King George Island in 

2018/2019. As part of the research selected terrestrial (rock, soil, flora) and marine samples (water, SPM, plankton, 

benthos) were collected. Total mercury and methyl mercury were determined.  

The correlation between the concentration of Hg in volcanic rocks and the soil was observed. However the main factor 

causing the increase of Hg concentration both in soil and in vascular plants was the presence of animals. Melting glaciers 

were important source of particulate Hg in the sea. However, this form of Hg was deposited to the sediment close to the 

glacier. Therefore, this process was important for benthic organisms in the vicinity of melting glaciers. Hg concentration 

in plankton (50 um) was ten times lower than in SPM and was mainly controlled by occurrence of dissolved Hg in sea 

water. Among benthic organisms, accumulation and biomagnification of Hg was observed. The highest concentration 

of Hg was measured in starfish (Odontaster validus). In the case of starfish, an increase in Hg concentration was 

observed with the size of the organism. 

 
Acknowledgement: This study has been performed within the framework of a National Science Center projects No. 

2019/33/B/ST10/00290 and No. 2017/27/N/ST10/02230. 
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Mercury binding in riverine suspended particulate matter and the role of sampling techniques: A 

mercury thermo-desorption and FTIR-spectroscopy approach  

 

Alexandra Alten¹, Andreas Breidenbach², Lorenz Gfeller², Stephan Krisch², Jan Wiederhold² and Harald Biester¹ 

¹ Technical University of Braunschweig, ² German Federal Institute of Hydrology (BfG) 

 

a.alten@tu-braunschweig.de  

 

Mercury (Hg) uptake from sediment or suspended particulate matter (SPM) is the major pathway for Hg accumulation 

by fish in river systems, but little is known about how Hg is bound in SPM. A crucial question here is how Hg binding 

in SPM differs from that in sediments and if binding of Hg is changed during sediment resuspension. In this study, we 

aim to determine Hg binding forms in different fractions (organic versus mineral) of SPM from the historically 

contaminated Elbe River (Germany) by using a new approach of combining Hg-pyrolytic-thermo-desorption-AAS 

(PTD) and FTIR-spectroscopy. We investigated riverine SPM sampled from sedimentation boxes (SB) and by on-site 

flow-through centrifugation (FTC). Hg binding forms were analyzed by means of PTD, whereas the chemical 

components in the SPM samples were characterized by FTIR-spectroscopy. FTIR analyses allowed to distinguish algae 

derived and humified organic matter as well as a mineral fraction. The case of SPM being dominated by algae could 

only be detected in FTC samples. PTD allowed discrimination of different Hg fractions according to the SPM 

components revealed by FTIR-spectroscopy indicating that Hg binding to algae is weaker than that in more degraded 

organic matter. Centrifugation of SPM samples in the laboratory enabled separation of the different SPM components 

based on density. Total Hg analyses show highest Hg concentrations in the degraded organic matter fraction and lowest 

concentration in the mineral fraction. Our results indicate that Hg binding in SPM sampled by FTC is different from 

that by SB. Moreover, SPM obtained by FTC does more likely represent the Hg compounds entering the food chain 

through the water phase, whereas SPM from SB does rather reflect the sediment pathway. Thus, SPM sampling 

technique is crucial to distinguish Hg uptake pathways in rivers. 
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Microbial communities associated with mercury methylation in river wetlands across China 

 

Yurong Liu¹, Yawen Jiang and Kun He 

¹ Huazhong Agricultural University 

 

yrliu@mail.hzau.edu.cn  

 

Mercury (Hg) can be converted into potent bioaccumulative neurotoxic methylmercury (MeHg) by certain anaerobic 

microorganisms in the environment. Wetland sediments are one of the great reservoirs of various anaerobic 

microorganisms; however, the microbial coomunities and influencing factors associated with Hg methylation in the 

sediments are poorly understood. Here, we collected sediments of 29 typical river wetlands at a continental scale across 

China. We used metagenomic analysis to investigate the diversity and distribution of putative microbial Hg-methylators 

and to elucidate potential associations between Hg methylators and environmental parameters. Our results showed that 

Deltaproteobacteria, Syntrophales, Desulfuromonadales and Anaerolineales were the predominant putative taxa of Hg 

methylating microorganisms carrying hgcA genes, and the abundance of hgcA genes in the bottom bulk sediments is 

overall higher than that in the surface sediments. According to Random forest analysis, Planctomycetes were identified 

as an important predictor of MeHg accumulation. The correlation analysis revealed that MeHg concentration had 

strongest correlation with organic matter (OM) in the sediments, indicating that OM may affect the production of MeHg 

by affecting the growth and metabolism of microbial communities associated with Hg methylaton in wetland sediments. 

Further, the relative abundance of hgcA was significantly positively correlated with Fe contents, while negatively 

correlated with the content of sandy soil. Sediments with higher clay content generally have higher hgcA abundance. In 

addition, we identified 10 MAGs containing hgcA genes from the 148 reconstructed metagenome-assembled genomes 

(MAGs). Our findings provide new insights into distribution and environmental drivers of Hg-methylating 

microorganisms in river wetlands across China. 
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Understanding HgSe formation in the livers of cetaceans through bioimaging and single particle 

analysis 

 

Lhiam Paton¹, Maria Angels Subirana², David Clases¹, Dirk Schaumloeffel² and Joerg Feldmann¹ 

¹ University of Graz, ² Université de Pau et des Pays de l'Adour, IPREM 

 

lhiam.paton@uni-graz.at 

 

The biomagnification of mercury (Hg) throughout trophic levels, typically, results in cetaceans accumulating 

concentrations far exceeding 100 mg Hg kg-1 d.w. in their major organs; the highest concentrations are found in the 

liver. Throughout the food chain methylmercury (MeHg) is a dominant form of mercury which is found. MeHg is 

neurotoxic and a linear relationship is found between MeHg concentration and the age of the animal [3]. However, while 

cetaceans have the highest concentrations of mercury, the percentage of the total mercury which is present as MeHg has 

been shown to decrease with age (in pilot whales). This phenomenon appears to be a detoxification step which involves 

the demethylation of MeHg and the formation of nano-sized mercury selenide clusters. The steps involved in this process 

are still not well understood. The complexity of this process requires a wide range of analytical techniques and methods 

to understand the formation of these HgSe clusters.  

NanoSIMS analysis of two whale livers (sperm whale and Sowerby’s beaked whale) identified a co-location of mercury, 

selenium and iron in distinct hotspots in the liver of both whales. The presence of all three elements was confirmed by 

both single particle inductively coupled plasma time-of-flight mass spectrometry (spICP-TOF-MS) and asymmetric 

flow field-flow fractionation-ICPMS (AF4-ICPMS) and further to this; AF4-single particle ICPMS analysis identified 

that increasing particle size is not an indicator for increasing Hg mass in the particle, suggesting that mercury makes up 

a small part of a larger structure. Given that this detoxification mechanism occurs in the liver and a high concentration 

of Fe is found alongside Hg, it is possible that the iron is an indicator for ferritin molecules present within Kupffer cells. 

The next stage of this analysis should include tagging experiments to specifically identify both Kupffer cells and ferritin 

by nanoSIMS analysis. 

 
 
 
 
 
 
 

 
 
 

 

 

September 06 – 10, 2023  |  University of Wuppertal, Germany 
562



 

 

Special Session 10: 92574 

 

Impact of planktonic communities from two alpine lakes in the fate of inorganic and methyl mercury: 

a species-specific isotope tracer approach 
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¹ Univerrsity of Geneva, ² University of Geneva, ³ Universite de Pau et des Pays de l’Adour, ⁴ University de Pau et des 

Pays de L'Adour, IPREM, ⁵ University of Geneva / Department F.-A. Forel 

 

joao.rodriguespereirasantos@unige.ch 

 

Mercury is a persistent contaminant that can cause severe damage to human and environmental health. Despite the low 

concentration levels, mercury can bioaccumulate in aquatic organisms, and in the case of organic mercury, it can be 

biomagnified through the aquatic food web posing serious health issues to fish consumers. In the current study, we 

investigated the sequestration and transformation capacity of inorganic and methylmercury in the photic zone by natural 

planktonic communities (ranging between 0.4 – 230 µm) from the mesotrophic Lake Geneva and the eutrophic Lake 

Greifensee, Switzerland. Sequestration and transformation were followed thanks to the species-specific approach used, 

where an enriched isotope mix of 199Hg(II) and 201MeHg (ratio 10:1) was spiked to the collected plankton. To fully 

comprehend the results obtained, 16S/18S sequencing analysis of the prokaryotic and eukaryotic communities present 

in each sampled lake were assessed.  

Results highlighted clear differences in Kmet and Kdeme on the different lakes. Lake Grienfensee planktonic cultures, 

when incubated with mixed isotopes, promoted both methylation and demethylation, while in the case of Lake Geneva, 

that was not seen. However, when assessing the abiotic contribution in both Lakes, we could detect both methylation 

and demethylation in Lake Geneva, while no transformations were registered for Lake Greifensee. The current data 

highlighted the importance of different in situ communities and physicochemical parameters toward the Hg 

biogeochemical cycle. 
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Special Session 11: 83518 

 

Spatiotemporal patterns and drivers of phytoplankton primary productivity in the lakes and 

reservoirs of China 

 

Kun Sun, Shuoyue Wang¹, Junjie Jia¹ and Yang Gao 

¹ Institute of Geographic Sciences and Natural Resources Research Chinese Academy of Sciences 

 

gaoyang@igsnrr.ac.cn 

 

Phytoplankton primary productivity (PP) plays an important role in the carbon (C) balance of aquatic ecosystems. 

Phytoplankton PP and its environmental control factors have been widely studied in various lake systems of China, 

while most of the studies were focused on individual lakes, and a large knowledge gap still existed on the spatiotemporal 

patterns and drivers of phytoplankton PP in the nationwide lakes and reservoirs of China. In this study, we evaluated 

the spatial and temporal dynamics of phytoplankton PP and carbon sequestration capacity (CSC) in Chinese 

lakes/reservoirs by building a vertically generalized production model based on long term in situ water quality 

monitoring data. Generally, phytoplankton PP presented a seasonal pattern of higher in spring and summer, and lower 

in autumn and winter. The annual phytoplankton CSC was estimated to be 18.69±10.7 Tg C yr-1, nearly half of which 

was contributed by the lakes/reservoirs in continental basin and Yangtze river basin. The relative contributions of eleven 

environmental variables to the spatiotemporal changes of phytoplankton PP were quantified for all nine basins using a 

multiple generalized linear model regression analysis. Of the eleven potential driving factors, chlorophyll content, 

nutrients of nitrogen and phosphorus, and turbidity were recognized as the major driving forces of phytoplankton PP. 

This study provides the first nation-scale estimate of phytoplankton PP in Chinese lakes/reservoirs, which would be 

conducive to the understanding of C budget in aquatic ecosystem of China. 
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Special Session 11: 85156 

 

Antimony and arsenic release during flooding of mining-impacted soil: The role of microbial sulfate 

reduction 

 

Kerstin Hockmann¹, Edward D. Burton², Britta Planer-Friedrich³ and Stefan Peiffer³ 

¹ University of Bayreuth, ² Southern Cross University, ³ University of Bayreuth 

 

kerstin.hockmann@uni-bayreuth.de 

 

Antimony (Sb) and arsenic (As) are priority pollutants that often co-occur at mining-impacted sites. Despite their 

chemical similarities, Sb mobility in anaerobic soils is poorly understood in comparison to As. In particular, Sb 

behaviour under strongly reducing conditions has not been resolved. Such conditions are characteristic of wetland soils 

and sediments and typically involve microbial sulfate reduction.  

In this study, we examined the effect of microbial sulfate reduction on the behaviour of Sb and As during flooding of a 

contaminated soil collected from the abandoned Pezinok mine (Slovakia). Soil samples were incubated in air-tight serum 

bottles at a solid:liquid ratio mimicking flooding at circumneutral pH. The incubation experiments employed two 

contrasting levels of sulfate availability (i.e. with 0 or 20 mM sulfate amendment) under the influence of microbial 

activity or under abiotic conditions. Antimony and As aqueous-phase species as well as dissolved iron (Fe) 

concentrations were tracked during the 92 day-incubation period. Solid phases recovered from selected microcosms 

were characterized using a combination of spectroscopic and wet chemical extraction techniques. 

Speciation analysis by liquid-chromatography ICP-MS showed that both Sb(V) and As(V) were quickly (~2 days) 

reduced to their trivalent counterparts, with antimonite and arsenite dominating in the aqueous phase. The formation of 

thiolated Sb or As species was minor ( < 5%) in all treatments. X-ray absorption spectroscopy experiments proved the 

dominance of reduced Sb and As species also in the solid phase. In all treatments, Fe(III) and sulfate reduction occurred 

concomitantly, with pyrite accumulating in the solid phase. Iron(III) reduction was much more pronounced in 

microcosms with an external sulfate source. The reductive dissolution of Fe(III) oxides triggered a release of co-

associated Sb and As. 

Besides providing novel insights into the behaviour of Sb and As in redox-dynamic environments, our results may 

facilitate more accurate risk assessment and remediation strategies for contaminated sites that are subject to changes in 

redox conditions as induced by flooding, seawater inundation, or waterlogging. 
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Special Session 11: 85300 

 

Remediation of textile effluent by an integrated system of floating and constructed wetlands 

 

Shafaqat Ali¹, Shafaqat Ali¹, Muhammad Afzal² and Muhammad Rizwan¹ 

¹ Government College University Faisalabad 38000 Faisalabad Pakistan, ² National Institute for Biotechnology and 

Genetic Engineering (NIBGE), Faisalabad, Pakistan 

 

shafaqataligill@yahoo.com 

 

Fresh and pure water is one of the most important things on this planet for the survival of all types of living organisms. 

The water is being contaminated wildly by different anthropogenic activities including industrial, sewage and 

agrochemical wastes. Such activities have triggered the severe shortage of clean water on this earth. Therefore, it is 

obligatory to design and develop effective methods for the treatment of contaminated water to cope with current 

alarming water scarcity level. Most valuable technology Floating treatment wetlands (FTWs) also constructed wetlands 

(CWs) are very effective, ecofriendly, cost effective, and sustainable methods for the treatment of contaminated water. 

However, the remediation potential of these two techniques in integrated form is not evaluated yet. Therefore, in current 

study these two techniques were successfully integrated with each other in order to enhance the wastewater remediation 

efficacy of these systems. Phragmites australis, generally known as common reeds, was used for the vegetation of these 

wetlands because of its extensive root system, and resistance against harsh conditions. Three endophytic bacteria 

namely:, Acinetobacter junni NT-15, Pseudomonas indoloxydans NT-38 and Rhodococus NT-39, were augmented in 

these wetlands. The efficacy of this integrated system was checked by testing different physical, chemical and biological 

parameters of treated wastewater. This integrated system efficiently reduced the color (90%), TDS (38%), TSS (87%), 

TOC (90%), COD (90%) and BOD (95%) of contaminated textile wastewater within 96 h. Moreover, the augmented 

bacteria in water, roots and shoots of the plant showed persistence. This study exposed that the integrated FTWs and 

CWs is an efficient system for the treatment of textile wastewater. 

 

Keywords: Constructed wetland, Floating Wetlands, Phytoremediation, Textile wastewater Dyes 
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Special Session 11: 92791 

 

The impacts of sea-level-rise induced salinization and redox oscillations on phosphorus cycling in 

coastal soils 

 

Chunhao Gu¹, Sunendra Joshi¹, Matthew Fischel, Elizabeth J. Tomaszewski and Donald Sparks² 

¹ University of Delaware, ² Univ of Delaware 

 

gchunhao@udel.edu 

 

Global sea level rise is causing saltwater intrusion into coastal soils at an increasing rate, leading to simultaneous 

salinization and redox changes. These changes could impact phosphorus (P) availability, speciation and transformation 

in coastal soils and further affect water quality. However, P molecular speciation, that largely determines its 

bioavailability and transformation in coastal sandy soils remains unknown. We assessed the impacts of saltwater 

intrusion on P availability and transformation using X-ray absorption spectroscopy (XANES) and modified Hedley 

sequential fractionation. A salinity gradient from Delaware Rehoboth Bay consisting of five sites was selected to 

represent different degrees of saltwater intrusion in coastal sandy soils. With decreasing distance from the bay, both soil 

salinity (29.3 – 0.07 mmhos cm-1) and P concentrations (683.1 – 304.0 mg kg-1) decreased. Sequential fractionation 

showed that occluded P (i.e., P in residue after 1 M HCl extraction) accounted for 86.9 – 89.5% of total P. With 

increasing salinity, labile P (i.e., the sum of water extractable and NaHCO3 extractable P) increased initially, reached a 

plateau, and then decreased. HCl-P, representing presumably Ca-P, increased with increasing salinity. Qualitative 

analysis of bulk XANES spectra showed that soil P was likely dominated by Al-P. Hence, with increasing salinity, soil 

P became increasingly accumulated in the occluded pool mainly as Al-P. Qualitative analysis of µ-XANES spectra 

revealed that Ca-P existed in hotspots of the highest salinity soil while Fe-P or Al-P existed in hotspots of low salinity 

soil, consistent with the greater HCl-P (presumably Ca-P) in the former soil. Results demonstrate that saltwater intrusion 

markedly altered P cycling in coastal soils. 
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Legacy effects of past viticulture in long-term apple orchard 

 

Marco Signorini¹, Rita Noto¹, Giulio Genova¹, Alessia Bani², Georg Niedrist³, Andreas Hilpold³, Alex Dumbrell², 

Stefano Cesco¹, Ulrike Tappeiner⁴, Tanja Mimmo¹ and Luigimaria Borruso¹ 

¹ Faculty of Science and Technology, Free University of Bolzano, ² University of Essex, ³ EURAC Research, 

 ⁴ University of Innsbruck 

 

tanja.mimmo@unibz.it 

 

In the present study, we investigate the edaphic and biological soil legacy effects due to the conversion of a critically 

Cu-contaminated vineyard to long-term apple orchard. Three close plots ( < 1 ha) were converted from vineyards to 

apple orchards 2016, 1970, 1922, respectively. Fifteen soil samples were collected from each plot to assess the chemical-

physical soil characteristics (e.g., pH, soil texture, soil organic matter, total nitrogen, heavy metal content, available 

mineral nutrient content) and soil biodiversity via DNA metabarcoding (16S rRNA; ITS2; COI). Soil chemical 

composition discriminated the plots and could predict the conversion history (Anova on PCA components p < 0.01). 

The soils were severely contaminated with Cu (641 to 893 mg kg-1) indicating legacy effects of past viticulture during 

current apple cultivation. This negatively influenced the bacterial, protozoa, micro, and mesofauna richness, decreasing 

after reaching a diversity climax across the gradient (Kruskal Wallis p < 0.05). In addition, soil pH, TOC and texture, 

Cu also influenced the ecological organization of soil microbial and fauna communities across the conversion gradient, 

contributing to the beta-diversity differences detected (CAPscale p-value < 0.001). These results suggest the need to 

include soil biodiversity among soil quality indicators, particularly in perennial tree crops, where the land's agricultural 

history (e.g. heavy metals) strongly influences soil biodiversity. 
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Efficient models for predicting the non-compliance of food crops to regulation limits for metallic 

contaminants 

 

Christophe Nguyen¹, Laurence Denaix², Emma Vivien², Rupert Hough³, Jean-Yves Cornu, Agathe Roucou⁴ and Benoît 

Méléard⁴ 

¹ INRAE, ² INRAE, Bordeaux Sciences Agro, UMR1391 ISPA, F-33882, Villenave d’Ornon Cedex, France, ³ James 

Hutton Institute, ⁴ Arvalis - Institut du Végétal, Boigneville, France 

 

christophe.nguyen@inrae.fr 

 

Food safety is threatened by the excessive accumulation by crops, of toxic trace elements (TEs) naturally occurring in 

agricultural soils. Among these contaminants, cadmium (Cd) is an important issue because for this harmful metal, the 

excessive exposure of humans through food products has been pointed out by health authorities. Therefore, the 

regulation limits for Cd in food products have been recently revised to be more strict (EC1323/2021) and different 

sectors have already brought up alerts indicating the non-compliance of some harvests with the new limits. Apart Cd, 

lead (Pb) has also been recently regulated more strictly (EC1317/2021) and Ni might also be regulated, based on a 

putative significant risk for health, in particular for children. 

We present a statistical modelling approach to predict the risk for a food crop to not comply with the European regulatory 

limits for regulated TEs. We initially concentrated on Cd in durum wheat but the approach is also extended to different 

other crops and contaminants. The modelling uses machine learning methods to predict a probability of non-compliance. 

The number of input variables are limited and they are easily measurable in the field for the practical use by the 

stakeholders. The models were built from databases derived from research projects and from data from literature. The 

model performances are good since for Cd and durum wheat, for example, based on cross-validation, around 80% of 

non-compliant samples are detected. For durum wheat, the model is currently freely available as a web service 

(https://ispa.bordeaux.inra.fr/services/blesur/) and it can readily be used by the agricultural sector. Extending this work 

to other crops and contaminants is under progress. 
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The prediction of cadmium and zinc uptake by the hyperaccumulator Sedum plumbizincicola using a 

dynamic geochemical model 

 

Simin Li¹, Jiawen Zhou¹, Xueyuan Gu², Longhua Wu¹, Peter Christie¹ and Ruben Kretzschmar³  

¹ CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of 

Sciences, ² State Key Laboratory of Pollution Control and Resource Reuse, School of Environment, Nanjing 

University, ³ Institute of Biogeochemistry and Pollutant Dynamics, ETH Zurich  

 

smli@issas.ac.cn  

 

Phytoextraction with hyperaccumulators is an environmentally friendly and cost-effective technique to clean up polluted 

heavy metals in soil. While the relatively longer remediation time often limits its application. Thus, the development of 

an accurate prediction model for metal bioaccumulation to hyperaccumulators will help policymakers and engineers 

better evaluate and adopt this technique in practice. Here, we present a study to develop mechanistic multi-surface 

models (MSMs) to predict the bioaccumulation of cadmium (Cd) and zinc (Zn) in Sedum plumbizincicola using both 

lab and field experimental data. Besides the ‘general’ setting of MSM, the unique rhizosphere properties of 

hyperaccumulators, like rhizosphere pH and DOC, were specially considered in the model. Moreover, MSMs were 

further incorporated with time to form a dynamic model to predict phytoextraction efficiency and duration. Results 

showed that MSMs calculated dissolved Cd and Zn had the best correlation relationship with the accumulated Cd and 

Zn in S. plumbizincicola (Cd: R2 = 0.801, Zn: R2 = 0.816). The dynamic-MSM combined models built links from the 

soil-soil liquid interfaces to the aboveground shoots and allowed the prediction of Cd/Zn phytoextraction efficiency and 

duration over a wide range of soil properties. The predicted soil total Cd/Zn concentrations after each phytoextraction 

were well correlated with the measured values (Cd: R2 = 0.976, Zn: R2 = 0.988). Our results expanded the application 

of MSMs on multiple metals and hyperaccumulators, and the developed dynamic-MSM combined models showed great 

potential in field phytoremediation. 
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Joint use of multi-surface mechanistic and empirical models for the study of soil-solution distribution 

of cadmium in agricultural soils 

 

Yoann Viala¹, Christophe Nguyen¹, Sylvie Bussière¹, Cécile Coriou¹, Benoît Benoît Méléard², Laurence Denaix¹ and 

Valérie Sappin-Didier¹ 

¹ INRAE, Bordeaux Sciences Agro, ² Arvalis - Institut du Végétal, Boigneville, France 

 

valerie.sappin-didier@inrae.fr  

 

The objective of the work was to understand and predict the soil-solution distribution of Cd in agricultural soils by 

combining geochemical and statistical modelling. The geochemical  multi-surface model (WHAM v7.0) was 

parameterized according different scenarios where different pools of Cd extracted by water, CaCl2, NH4NO3, oxalate, 

pyrophosphate, HNO3 were associated to different reactive phases for sorption (organic matter, clays, CEC, and metallic 

oxides) in equilibrium with the soil solution composition (Ca, Mg, Cd, Cu, pH, soluble organic matter). The modelling 

has been evaluated with respect to the comparison between the predicted and the measured free Cd (Cd2+) concentrations 

in 70 soil solutions.  

In parallel, we tested different statistical models predicting total or free Cd2+ concentrations from the variables used in 

the geochemical models that were combined according to hypothesized dominant mechanisms: non-specific sorption, 

complexation onto the soil solid phase and in solution as well as between-ion competition.  

Accurate free Cd predictions were obtained from the geochemical modelling associating a mobile pool of Cd as extracted 

by 1M NH4NO3, ion exchange with surface sites related to the soil CEC, and oxide-associated surface complexation 

(AlO/MnO) (RMSE=0.170). Consistently, the best statistical model for Cd2+ relied on pH, Cd extracted by NH4NO3, 

Ca concentration in solution and MnO as predictors (RMSE=0.160).  

Combining the geochemical and the statistical approaches allowed to both, gain better insight into the major mechanisms 

governing Cd soil-solution partitioning in agricultural soils and to have higher confidence in the predictions of the 

statistical model, which is much easier to use for practical predictions. Further work should now concentrate on testing 

the working hypotheses used in the geochemical modelling. 
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Synthesis of thiol-functionalized black Carbon and application for the removal of Chromium (vi) 

from aqueous solution 

 

Kamonchanok Huangmee and Yu-Ting Liu 

National Chung Hsing University 

 

kamonchanokbird@gmail.com 

 

To secure the clean water, environmentally acceptable and low cost adsorbents for Cr(VI) remediation are urgently 

needed. In this study, we synthesized thiol-functionalized black carbon (S-BC) for Cr(VI) removal. Black carbon was 

combined with thioglycolic acid (TGA) at various ratios of 1:20, 1: 30, 1:40, which was labeled as S-BC20, S-BC30, 

and S-BC40, respectively. The objectives are to (i) synthesize and characterize thiol-functionalized black carbon; (ii) 

optimize the adsorption of Cr(VI); and (iii) determine the mechanisms for Cr(VI) removal in relation to changes of Cr 

speciation and S-BC structures. At pH 3.5, the maximum Cr(VI) adsorption capacities were as follows: S-BC20 (214.63 

mg/g), S-BC30 (218.97 mg/g), and S-BC40 (220.31 mg/g). According to XPS results, adsorption of Cr(VI) onto S-BC 

leads to the reduction of adsorbate and various chemical changes of adsorbent functional groups. Additionally, a high-

performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS) was exploited to 

differentiate Cr(III) from Cr(VI) and thereby the fluctuation of Cr species upon the adsorption. Mechanistic assessment 

revealed that the adsorption of Cr(VI) on thiol-functionalized black carbon could be attributed to electrostatic attraction, 

complexation, and redox reactions. The findings show that adsorbents made from thiol-functionalized black carbon can 

efficiently remove Cr(VI) from aqueous solutions. This research proposes a new strategy to modify black carbon using 

thiol functional groups as possible sorbents for heavy metal ion removal in polluted water. 
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Do soluble trace metals in composite soil samples represent their average concentrations in the field? 

 

Hui Gao, Liping Weng, Gerwin Koopmans and Rob Comans 

Wageningen University & Research 

 

hui.gao@wur.nl 

 

The distribution of trace metals as well as soil properties like pH and organic matter (OM), which affect their behavior, 

can be spatially heterogenous. To reduce cost, sampling guidelines for soil pollution studies often prescribe collection 

of composite soil samples instead of discrete samples, as measurements obtained using composite samples are assumed 

to represent average values for the respective field. Biological risks of metals in soil are related to their bioavailability, 

which can be assessed through the measurement of soluble metal concentrations in weak salt extracts. To date, the 

effects of compositing soil samples on metal solubility have received little attention. We investigated whether soluble 

metal concentrations measured in 0.01 M CaCl2 extracts of composite soil samples are representative for the average of 

the corresponding discrete samples. To this end, we analyzed soil samples from a mining field contaminated with 

multiple metals and performed three laboratory batch experiments in which an uncontaminated soil was manipulated to 

create a range of discrete samples varying in Cu loading, pH, and OM content. The soluble metal concentrations 

measured in composite field samples are consistently lower than the averages of the discrete samples. The same results 

were found for soluble Cu when mixing discrete soil samples with different compositions in batch experiments. 

Nonlinear Cu sorption behavior and the pH-dependent solubility of Cu and OM explain the effects of compositing soil 

samples with varying Cu loading and pH. The effect of OM content can be attributed to the redistribution of OM between 

the solid (SOM) and soluble (DOM) phase, which results in a nonlinear decrease in soluble Cu with an increase in OM 

addition. Our study indicates that the use of a composite soil sampling strategy can mask the risks of metal-contaminated 

soils. 
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Tailored Biochar induced changes in heavy metals behavior, microbial community, and dissolved 

organic matter in highly Pb and As polluted mining soil: soil pore water scale 

 

Jing Qiu 

Ghent University, Ghent, Belgium 

 

qiu.jing@ugent.be 

 

Tailor-made combined feedstock biochar produced from co-pyrolysis of pig manure and invasive Japanese knotweed 

(P1J1), as well as pure pig manure (PM) and pure Japanese knotweed (JK) derived biochar, were applied to the Pb and 

As contaminated soil to evaluate the different biochar-induced effects on soil properties, microbial activity, DOM, and 

metal and metalloids solubility throughout the pore water scale. PM, P1J1, and JK-treated soils had mainly an increase 

of Gram-negative bacteria by 56%, 52%, and 50%, respectively, compared to the control. Three fluorescent components, 

C1 (long wavelength humic-like), C2 (short wavelength humic-like), and C3 (protein-like), were identified in the pore 

water DOM and were dominant respectively in the P1J1, JK, and PM-added soil. Biochar-driven reduced soluble Pb, 

whereas enhanced the As mobility, the increased soil pH after biochar addition played a fundamental role in reducing 

the solubility of Pb, as revealed by their significant negative correlation (r = -0.990, p < 0.01). In contrast, the release of 

dissolved P had a strong positive influence on As mobilization (r = 0.949, p < 0.01), especially in P-riched PM and P1J 

treatments, while JK showed a marginal effect in mobilizing As. The principal component analysis further confirmed 

that PM and P1J1 performed similarly in improving soil alkalinity, creating an environment conducive to nutrient release 

(pore water P and Mg, EC), providing labile carbon (DOC) and specific dissolved components (C1 and C3), while 

simultaneously increasing As availability. JK, on the other hand, announced more effective changes related to organic 

matter/carbon and greater available K and Ca. 
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Effect of the biochar dose on the availability of heavy metals during co-composting with sewage sludge 

 

Aleksandra Rombel, Katarzyna Jędruchniewicz and Patryk Oleszczuk 

Maria Curie-Skłodowska University 

 

aleksandra.rombel@mail.umcs.pl 

 

Sewage sludge (SL) is one of the most abundant wastes obtained worldwide. In addition to the high content of organic 

matter, nitrogen, and phosphorus, it may contain hazardous substances, including toxic and non-biodegradable heavy 

metals (HMs). Biochar (BC) as a material with a highly developed specific surface area can be used as an adsorbent of 

HMs from SL. Co-composting of SL and BC can bring additional benefits compared to composting of SL alone. During 

composting the sanitization of SL is provided, while BC affects HMs mobility and deeply improved the whole process. 

The aim of this work was to evaluate the effect of BC’s dose (1% vs 5%) (obtained from wood chips) on the 

bioavailability of HMs during SL composting. The total content of selected HMs (Fe, Ni, Zn, Mn, Cu, Pb) and their 

speciation forms (based on BCR extraction) in compost collected at various stages of composting were examined. The 

total content of HMs increased during the composting due to the loss of organic matter. The bioavailability of particular 

metals has been changing. Regardless of the BC’s dose, the inaccessible fraction (residual) increased during composting 

for almost all HMs. Compared to the control (compost without BC), the most effective reduction in the bioavailability 

of metals was observed for the compost with the 1% BC addition. During composting, the content of exchangeable and 

reducible fractions were reduced by up to 51% and 44% for Fe and Ni, respectively. In the case of Mn, a decrease in 

percentage of the exchangeable fraction by 5% to 11% was observed during composting, depending on BC’s dose. 

Based on the performed experiment, the addition of 1% BC seemed to be the most advantageous variant and sufficient 

to reduce the bioavailability of investigated HMs. 
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Quantitative estimation on Carbon sequestration effect of manure-derived biochar 

 

Se-Eun Jang, Ga-Been Lee, Won-Gune Jeong and Kitae Baek 

Jeonbuk National University 

 

jjjangseun1234@naver.com 

 

 

Treatment of livestock manure is an important environmental issue. Livestock manure has been used as compost and 

soil amendment agent because of plentiful organic matter and nutrients. However, organic matter in manure can be 

decomposed easily and can lead to the emission of CO2. Biochar, which is a residue of pyrolysis, can be a solution for 

converting unstable organic matter of manure into stable forms. Biochar has a stable carbon structure that can store 

carbon in the soil for a long time, which means, “carbon sequestration”. However, to investigate exactly the carbon 

sequestration effect of biochar, it is necessary to consider carbonaceous gases generated by the decomposition of organic 

matter during pyrolysis. In addition, biochar has unstable fractions, which can be decomposed by weathering process in 

the environment. Until now, the carbon sequestration effect of biochar has been investigated through incubation 

experiments. However, incubation is time-consuming and has no standard methods. To overcome these disadvantages, 

chemical oxidation has been proposed. Chemical oxidation can distinguish between the stable and unstable fractions of 

biochar in a short time, but it has not fully elucidated the decomposition of unstable fractions by the weathering process. 

 Therefore, in this study, we investigated the correlation between chemical oxidation and incubation in terms of the 

decomposition of the unstable fraction. It is hypothesized that chemical oxidation can distinguish stable and unstable 

forms of biochar, and the unstable carbon fraction will be decomposed in soil. To prove these hypotheses, we oxidized 

chemically biochar several times to quantify unstable fractions of biochar. Furthermore, we incubated biochar to 

correlate the chemical oxidation with the biological mineralization of biochar during incubation. Ultimately, based on 

these results, the carbon sequestration through biochar production was evaluated by considering the carbon balance in 

the entire process of biochar production as well as weathering in the soil. 
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Evaluation on stabilization mechanism and long-term stability of endogenous heavy metal in manure-

derived biochar 

 

Gabeen Lee, Se-Eun Jang, Won-Gune Jeong and Kitae Baek  

Jeonbuk National University 

 

leegabeen@naver.com 

 

The number of livestock has increased due to the rapidly growing population and gradual increase in meat consumption. 

Accordingly, livestock manure generated by the livestock industry also has increased. Most manures have been applied 

to agricultural land as organic fertilizer. To promote livestock growth and to prevent diseases, the usage of feed additives 

including zinc oxide, copper sulfate, and manganese carbonate is increasing gradually. However, only 10-20% of feed 

additives were absorbed and others were excreted into manure. Thus, the long-term application of livestock manure 

containing heavy metals to the soil can cause heavy metal pollution. Therefore, the heavy metals in the manure should 

be treated before application to agricultural land. Pyrolysis is one of the ways to treat livestock manure, which can 

reduce the volume of manure, and decompose pathogens and organic pollutants. The pyrolysis process can alter the 

stability of endogenous heavy metals in biochar, and the concentration of heavy metals can increase due to mass loss. 

Although several stabilization mechanisms on endogenous heavy metal in biochar have been proposed, including the 

formation of metal-organics and phosphate-metal binding, further research must be needed to elucidate the mechanism 

clearly. In addition, the fractionation of endogenous heavy metals may be changed through aging or weathering. 

Therefore, it is necessary to evaluate the effect of aging on the stability of heavy metals with a long-term perspective. 

In this study, the stabilization mechanism of endogenous heavy metals in swine manure-derived biochar was evaluated 

in terms of fractionation, leachability, and crystallinity of metals. From a long-term perspective, the stability of 

endogenous heavy metals was evaluated through the accelerated aging process. In particular, fractionation analysis 

indicates that ion-exchangeable-carbonate and iron-manganese-hydroxide bonds in unstable form decrease, and the 

organic-sulfide bonds and residues in stable form increase as pyrolysis temperature increases. In addition, the 

leachability and phyto-availability of heavy metals were significantly reduced. This result means that pyrolysis 

contributes greatly to the stabilization of heavy metals. 
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Sludge Characteristics on Stability of Endogenous Heavy Metals in Sewage Sludge-derived Biochar 

 

Gabeen Lee¹, Se-Eun Jang¹, Won-Gune Jeong¹, Yiu Fai Tsang² and Kitae Baek¹ 

¹ Jeonbuk National University, ² The Education University of Hong Kong 

 

leegabeen@naver.com 

 

During the sewage treatment process, a large amount of sludge is generated, and the final disposal of the sludge is an 

important environmental issue. In addition, some sewage sludge contains various potentially toxic substances, such as 

heavy metals, pathogens, pesticides, and organic-pollutants, which can cause secondary environmental pollution when 

discharged without proper treatment. In particular, heavy metals released from sewage sludge can pollute the 

surrounding environment, including soil, water system, and groundwater, and adversely affect human health through 

food-chain. Pyrolysis is one of the sewage sludge treatment techniques that can convert sewage sludge into syngas, bio-

oil, and biochar. In addition, pyrolysis by-products are more useful than incineration ash because they can be used as 

fuel and soil amendment. However, pyrolysis increases the total content of heavy metals in biochar due to enrichment, 

but it is known to convert unstable fractions of endogenous heavy metals into stable fractions, reducing their leaching 

potential. In addition, different treatment processes may affect the stability of heavy metals in sewage-sludge-derived 

biochar because of the different properties of sewage sludge. Therefore, the stability and fraction of heavy metals after 

pyrolysis should be evaluated according to the sewage treatment process. In addition, the stability of heavy metals in 

sewage-sludge-derived biochar and incineration ash should be compared to evaluate the stabilization effect and 

applicability of biochar. In this study, the stability of endogenous heavy metals in incineration ash and biochar was 

compared in terms of leachability and fractionation. In addition, sewage sludge characteristics on the stability of 

endogenous heavy metals were evaluated using sewage sludge from chemical-enhanced-primary-treatment and 

biological-treatment. The results showed that Cu and Zn in sludge from chemically-advanced-primary-treatment were 

mainly stabilized into iron-manganese hydroxide bonds under the influence of iron chloride used as a treatment agent. 

In addition, Cu and Zn in sludge from biological-treatment were stabilized into iron-manganese hydroxide bonds and 

residual fraction, which means that the stabilization is affected by the sewage treatment method. 
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Eco-efficiency fertilization methods to improve the bacterial communities, cadmium and nutrient 

contents of paddy soils 

 

Sainan Liu  

 

boyhoodm@163.com 

 

This study investigated the effects of four different eco-efficiency fertilization modes on the microbial communities, 

cadmium and nutrient content in paddy soils. A field experiment was performed, using five treatments: CK, conventional 

fertilization treatment; SR, rice straw incorporation treatment; BR, rice straw biochar addition treatment; BF, biochar-

based fertilizer treatment; and CF, coated-release-fertilizer treatment. The results showed that the BR treatment 

increased the pH and CEC, as well as the OM, TP, TK, Avai. N, Olsen P, and Excrac K content, but decreased cadmium 

content of the paddy soils. The relative abundance of the Sphingomonas genes in the BR treatment was significantly 

increased, while the SR treatment increased the paddy soil CEC and the OM, TP, Avai. N, Olsen P, and Excrac K 

content. Thiobacillus were positively correlated with Avai. N and Olsen P content and are involved in nutrient cycling. 

The relative abundance of the members of Bacteroidetes, Firmicutes, and Actinobacteria in the CF treatment were 

significantly increased. In general, the BR and SR treatments had more positive impacts on the nutrient contents of the 

paddy soil. Under the same fertilization conditions, the application of biochar was better than the equivalent biomass of 

rice straw for improving the physical and chemical properties of the soil. It can be inferred that biochar can be used to 

improve polycyclic aromatic hydrocarbon polluted soil and straw can be used to improve relatively barren soil with poor 

nutrient availability. Furthermore, the slow release of nutrients should be considered in the research and development 

of new amendments or fertilizers. 
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Iron-modified phosphorus- and silicon-based biochars exhibited various  influences on arsenic, 

cadmium, and lead accumulation in rice and enzyme  activities in a paddy soil 

 

Xing Yang1, Ergang Wen, Chengjun Ge, Ali El-Naggar, Huamei Yu, Shengsen Wang, Eilhann E. Kwon,             

Hocheol Song, Sabry M. Shaheen2, Hailong Wang and Jörg Rinklebe2 

¹ Hainan University, ² University of Wuppertal 

 

xing.yang@hainanu.edu.cn 

 

Contamination of paddy soils with potentially toxic elements (PTEs) has become a severe environmental issue. 

Application of functionalized biochar for rice cultivation has been proposed as an effective means to reduce 

environmental risks of these PTEs in paddy soils. This work was undertaken to seek the positive effects of a rice husk-

derived silicon (Si)-rich biochar (Si-BC) and a pig carcass-derived phosphorus (P)-rich biochar (P-BC), as well as their 

Fe-modified biochars (Fe-Si-BC and Fe-P-BC) on the enzyme activity and PTE availability in an As Cd-Pb-

contaminated soil. A rice cultivation pot trial was conducted using these functionalized biochars as soil amendments for 

the alleviation of PTE accumulation in rice plants. Results showed that Si-BC decreased the concentrations of As in rice 

grain and straw by 59.4 % and 61.4 %, respectively, while Fe-Si-BC significantly (P < 0.05) enhanced plant growth, 

increasing grain yield (by 38.6 %). Fe-Si-BC significantly (P < 0.05) elevated Cd and Pb accumulation in rice plants. 

P-BC enhanced the activities of dehydrogenase, catalase, and urease, and reduced grain-Pb and straw-Pb by 49.3 % and 

43.2 %, respectively. However, Fe-P-BC reduced plant-As in rice grain and straw by 12.2 % and 51.2 %, respectively, 

but increased plant-Cd and plant-Pb. Thus, Fe-modified Si and P-rich biochars could remediate paddy soils 

contaminated with As, and enhance the yield and quality of rice. Application of pristine P-rich biochar could also be a 

promising strategy to remediate the Pb-contaminated paddy soils and limit Pb accumulation in rice. 
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Catalytic oxidation of lignite by Pt/TiO2 can enhance Cadmium adsorption capacity 

 

Jing Hu, Bing Han, Clayton Butterly, Jizheng He, and Deli Chen 

University of Melbourne 

 

jhhu5@student.unimelb.edu.au 

 

In the context of global warming, finding an alternative application for coal is one solution to reducing greenhouse gas 

emissions. As the lowest rank coal, lignite has been modified as an adsorbent to adsorb environmental pollutants such 

as heavy metals, however, the existing technology has certain limitations due to cost and modification efficiency. This 

work develops a new technology for lignite modification, specifically catalytic oxidation by co-heating with lignite and 

Pt/TiO2 catalyst. The adsorption capacity of Cadmium (Cd) on modified lignite, the mechanism for catalytic oxidation, 

and the adsorption process were also evaluated. We found that the enhancement of catalytic oxidation of lignite 

adsorption capacity on Cd is significantly enhanced compared with that of raw lignite. Chemical characterization 

indicated superoxide and peroxide might be involved in the catalytic oxidation, whilst the abundance of oxygen-

containing functional groups of lignite has significantly increased. The potential adsorption mechanism for modified 

lignite on Cd adsorption is cation exchange, complexation, and cation-π interaction. These outcomes provide insights 

into the catalytic oxidation of lignite for the adsorption of Cd, and show promise for the future application of catalytic 

oxidized lignite in Cd-polluted wastewater and soil systems. 
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Sorption mechanisms of trivalent antimony by oxygen vacancy-enhanced nano Mg(OH)2-loaded 

biochar in aqueous solutions: spectroscopic investigation 

 

Jianhong Li¹, Jingmin Zhang², Zhengwei Hou², Qingjie Zhao², Wei Luo¹ and Qinghuo Lin¹ 

¹ Chinese Academy of Tropical Agricultural Sciences, ² Hainan University 

 

303113772@qq.com 

 

Oxidation of trivalent antimony [Sb(III)] to pentavalent antimony [Sb(V)] and its removal is a potential way to reduce 

the risks of Sb(III) to eco-environment and human health. Herein, oxygen vacancy-enhanced nano Mg(OH)2-loaded 

biochar were used to remediate Sb(III) in aqueous solutions. Different spectroscopic techniques including X-ray 

diffraction, transmission electron microscopy combined with energy dispersive X-ray spectroscopy, X-ray 

photoelectron spectroscopy, and electron spin resonance were used to explore the spatial distributions and retention 

mechanisms of Sb(III) on coconut shell-derived biochar (CSB), nano Mg(OH)2-loaded CSB (nHCSB) and nano MgO-

loaded CSB (nOCSB). Results showed that the sorption amount of Sb(III) on nHCSB and nOCSB was significantly 

increased to 218.9 and 220.0 mg g−1 as compared to that on CSB (8.8 mg g−1). However, the oxygen vacancies of the 

prepared nHCSB was significantly enhanced by the treatment that the nano Mg(OH)2 loaded on the surface of CSB was 

partially decomposed into nano MgO under argon environment. Thus, in the process of Sb(III) sorption, the nHCSB can 

oxidize a large amount of Sb(III) into Sb(V) and form compounds such as Sb2O5, Mg4Sb2O9 and Mg2Sb2O7 to more 

efficient oxidation and adsorption removal of Sb(III). While, the sorbed Sb(III) on nOCSB (with a few oxidation of 

Sb(III) into Sb(V)) was mainly formed as Sb2O3. Oxygen vacancy-enhanced nHCSB has a higher efficiency in the 

remediation of Sb(III) pollution in water environment compared with nOCSB. 
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Development of Biochar Adsorbent for the Remediation of Multiple Contaminated Soil 
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Heavy metals and oil are one of the challenges of environmental management. It is necessary to introduce new 

adsorbents to prevent damage to organisms and ecosystems caused by heavy metals and oil. Biochar has a high 

adsorption capacity and has attracted a lot of interest as a new type of adsorbent. In this study, the synthesis and 

evaluation of biochar and iron oxide produced 800°C were reported to remediate the multiple contaminated soil. The 

adsorption characteristics of the synthesized adsorbent were analyzed by measuring FT-IR, BET. The contaminant 

adsorption capacity and time, the reusability of the adsorbent, and the plant toxicity assessment were demonstrated by 

batch experiments. The absorption capacities of the adsorbent were found to be 0.447g/g for gasoline oil and 0.474g/g 

for diesel. Also, the material reached maximum absorption capacity after only 30 seconds, providing one of the fastest 

minimum contact times reported of all oil absorbent materials. In addition, due to the magnetism of the adsorbent, it is 

easy to collect and can be used repeatedly. As a result of applying adsorbent to soil contaminated with lead, cadmium, 

and arsenic, the concentrations of lead, cadmium, and arsenic decreased by 83.1, 98.2, and 22.7%, respectively. Plant 

toxicity analysis was conducted through a growth experiment using corn (Zea Maize L.). As a result of adding the 

adsorbent to the heavy metal contaminated soil, the growth rate increased by 11.8% compared to the control. It is 

analyzed that the addition of adsorbents reduced the content of heavy metals that cause toxicity to plants, thereby 

increasing the plant growth rate. The adsorbent synthesized with biochar and iron oxide can be used as an eco-friendly 

and economical adsorbent.  

 

Keywords: Adsorbent, Biochar, Contaminated soil, Iron oxide, Remediation 

 

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 

government (MSIT) (No. 2021R1A2C1094047). 
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Immobilization of Pb in soils amended with standard biochars 

 

Yoora Cho¹, Avanthi Deshani Igalavithana, Geonwook Hwang¹, Suho Han, Ondřej Mašek and Yong Sik Ok² 
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In this study, we evaluated the lead (Pb) immobilization efficiency of biochar in contaminated agricultural soil. 

Representing the wide range of biochar properties derived from different feedstocks and pyrolysis temperatures reported 

in previous studies, a standard biochar produced by the UK Biochar Research Centre was selected. Ten types of standard 

biochar were derived from five different feedstocks, namely softwood, miscanthus straw, rice husk, oilseed rape straw, 

and wheat straw, and pyrolyzed at 550 ℃ and 700 ℃. A microcosm was designed in an incubation bottle containing 

100 g of Pb-contaminated soil obtained from agricultural land near an abandoned mine with 2.5% (w w−1) biochar; its 

water content was maintained at 70% of the water holding capacity. The microcosm incubation was sustained for 21 d 

at room temperature. After incubation, soil properties, such as pH, electric conductivity (EC), total nitrogen, soil organic 

matter content, available phosphate, exchangeable cations, and available Pb, were analyzed. After standard biochar 

treatments, the highest immobilization of available Pb occurred in the soils amended by oil seed rape biochar 700 ℃ 

(OSR 700), with the soils exhibiting significant changes in pH, EC, and exchangeable cation contents. Therefore, the 

morphological properties of the OSR 700 biochar surface were observed to determine its porous structure. The results 

of the physicochemical analysis suggest that OSR 700 was the most efficient biochar for Pb immobilization in soil. 

Additionally, the unique biochar properties derived from different production factors led to considerably varied Pb 

immobilization capacities in soils. As the standard biochar represents the major types of biochar produced worldwide 

in recent decades, the results of this study provide guidelines for the appropriate utilization of biochar as soil amendment. 

Moreover, the efficient usage of biochar can lead to the achievement of Environmental, Social, and Governance goals 

in climate change mitigation and the UN Sustainable Development Goal (SDGs), such as SDG12: Responsible 

consumption and production, SDG13: Climate action, and SDG15: Life on land. 
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Sustainable biochar: market development and commercialization to achieve Environmental, Social 

and Governance (ESG) goals 
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Biochar has been primarily used as soil amendment owing to its benefits, including its ability to improve soil carbon 

content and aggregate stability. Gradually, during the past decades, its applications have expanded to renewable energy 

generation (such as H2 production), climate change mitigation, and textile, construction, and semiconductor industries. 

However, the performance of biochar depends on feedstock quality, biochar quality, and its application usage. As the 

quality of biochar feedstock is critical, identifying the most suitable material for the application is important. The 

feasibility of technologies for biochar production can be determined by conducting a techno-economic analysis as such 

evaluation is based on costs, benefits, risks, uncertainties, and timeframe. Further, supporting these technological 

innovations can potentially reduce production costs. We identified several drawbacks, such as the lack of universally 

accepted biochar standards, insufficient industrial-scale data on biochar production and application, and limitation of 

biochar-related policies to some countries such as Korea, the USA, and Australia. Moreover, biochar has a limited 

customer base as it is not economically competitive against established products such as vermiculite, zeolite, and perlite. 

Policies on the financial incentives for biochar production and application, such as tax credits, loan guarantees, and 

subsidy supports for infrastructure installation, could enhance the development of the biochar market. In addition, 

collaborations between the government, industries, biochar producers, raw material suppliers, academic institutions, and 

primary consumers could eventually facilitate the growth of the industry. Considering the general environmental 

benefits and ecosystem services provided by biochar, a successful and sustainable biochar market could be achieved in 

the near future by overcoming the abovementioned challenges. Hence, this study aimed to identify the major policy 

considerations in feedstock management, production process and capacity, application suitability, and product 

distribution value chain of biochar necessary to establish a sustainable market. 
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Mining activities lead to the release of harmful elements such as antimony into the surrounding environment, which 

increases the risk of antimony pollution. Antimony pollution has become a typical environmental issue in karst areas of 

Southwest China. Accumulation of antimony in the soil around the mine was very obvious, and the content of antimony 

was tens to hundreds of times higher than the background value of antimony in the regional soil. Due to the high total 

concentration of antimony in the soil, the available antimony still had a relatively high absolute content, resulting in a 

high environmental risk of antimony. The proportion of carbonate bound antimony was relatively high in the karstic 

soil, indicating that carbonate bound antimony is the main form that determines the ecological risk of antimony. In the 

karst water environment, very high contents of antimony were often detected in mine drainage, most of which exceed 

10 ppm. Antimony can migrate for a long distance when antimony-containing wastewater enters into surface water. The 

natural attenuation of antimony in the water environment depends on the dilution of the large flow of tributary water. 

Combined with the geochemical properties of antimony and the characteristics of weak alkaline geological background 

in karst area, the experimental study of soil antimony pollution control technology showed that deep ploughing with soil 

improvement, soil stabilizer application, and agronomic regulation have good effects on the treatment and remediation 

of soil antimony pollution. The study of antimony pollution control measures in karstic mine water showed that the 

multi-coupling roadway filling technology based on natural dynamics has a significant effect on reducing antimony 

content in adit water. This technical scheme has the characteristics of low cost and simple operation and maintenance, 

and is easy to achieve the goal of reducing antimony pollution at the source of mine water. 
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Adsorption, co-sorption, and coprecipitation of antimony with Fe(III) (oxyhydr)oxides as a function of 

particle size 
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Fe(III) (oxyhydr)oxide minerals such as goethite (α-FeOOH) and hematite (α-Fe2O3) are ubiquitous in nature and may 

control the mobility of antimony(Sb) by sorption and co-precipitation processes. Depending on environmental 

conditions during formation, mineral particle size may range from nanometers to micrometers, impacting mineral redox 

reactivity and sorption capacity. Beyond changes in specific surface areas, size-dependent behavior is often non-linear 

and affected by molecular-level interactions; therefore, it is difficult to predict the properties of nanometer-sized 

minerals based on comparison to bulk minerals. Here, we study the size-dependent reactivity of goethite and hematite 

with respect to antimony [Sb(OH)6
-], an element of emerging concern. We synthesized goethite and hematite with a 

range of different sizes (20-1000 nm for goethite and 5-400 nm for hematite). We conducted adsorption experiments to 

understand the sorption capacity of Sb(V) to different-sized Fe(III)  (oxyhydr)oxides. In addition, we performed co-

sorption experiments (with nickel (Ni2+) as a co-absorbent) to determine the sorption behavior in the presence of a co-

occurring, cationic species. After normalization of surface area, we found that hematite has higher sorption capacities 

than goethite and that all Fe(III) (oxyhydr)oxides can adsorb more Sb when it coexists with another cation compared to 

individual sorption of the Sb to the same particle size mineral counterpart. Additional co-precipitation experiments of 

Fe(III) (oxyhydr)oxides in the presence of Sb showed that Sb can be incorporated into nanometer-sized Fe(III) 

(oxyhydr)oxides particles, inducing phase and morphological transformations based on XRD, Mössbauer spectroscopy, 

and electron microscopy. In particular, Sb inhibited the formation of highly crystalline Fe(III) (oxyhydr)oxides below 

100 nm and showed a tendency to be more incorporated into goethite than hematite according to the Sb/Fe molar ratios 

determined from acid dissolution experiments. Our work allows to elucidate size-dependent interactions between Fe(III) 

(oxyhydr)oxides and Sb during and after particle formation, providing insights into Sb biogeochemical cycling. 
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Paving the way for gallium recycling: Can biotechnology join forces with process engineering? 
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Gallium, a refractory metal, which is prevalently utilized in displays, LEDs, backlights, etc. is enlisted as one of the 

critical raw metals by the European Commission in 2020. As it was found that Gallium is more abundant in LED waste 

than natural ores, LEDs garnered attention for this purpose. However, the low concentration of Gallium in a highly 

complex matrix challenges ongoing recovery methods such as pyrolysis, and hydrometallurgy to meet the optimal 

recycling efficiencies on a lab scale. These aforementioned not only require a high amount of input energy but also 

produce secondary pollution, endangering the environment. To upend these shortcomings, Bioleaching and Phytomining 

emerge as promising approaches for intended scale-up recycling processes. Phytomining technologies take advantage 

of hyperaccumulator plants to extract valuable metals for commercial returns. In the study, the macrophyte of Lemna 

minor was exposed to Gallium nitrate solution and results showed an accumulation of up to 10 % of Gallium in the 

fronds. Whereas, Bioleaching revolves around the principle of inducing mass transfer from solid to liquid phase via 

biogenic solutions generated by microorganisms. The toxicity index study conducted on the filamentous fungi 

Penicillium simplicissimum revealed a metal tolerance of up to 3000 ppm of Gallium in a wide spectrum of pH, ranging 

from 2 to 12. The important parameters affecting the recovery yield for both methods include cultivation conditions, 

temperature, pH, inoculum size, and adaptation to metal concentrations. The pretreatment procedures of metal waste 

also have a great influence on recycling efficiency. To the best of our knowledge, never before has any study investigated 

the leaching of Gallium via Phytomining and Bioleaching while considering the pretreatment methods of precursor 

material. This study compares both novelty methods in terms of Gallium recycling efficiency while incorporating 

mechanochemical pretreatment of the precursor. 
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Lignin nanoparticles/MoS2 nanoflowers as a bio-derived additive to lubricants 
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Recently, nanoparticles and hydrocolloids have been explored as components in many engineering and life science 

applications. While aiming to maintain the multifunctionality of the final products, nanoparticles derived from fossil 

raw materials need to be gradually replaced by new bio-based alternatives. In this context, the emergence of lignin 

hydrocolloids as bio-based building blocks has opened new opportunities for value-added applications. Against this 

background, we report on the preparation of internally crosslinked nanoparticles from hydroxymethylated lignin (HL) 

via a facile solvent shifting precipitation and hydrothermal curing, while preserving the phenolic groups of the lignin. 

In our search for inorganic components for the decoration of lignin nanoparticles (LNPs), we were interested in 

molybdenum disulfide (MoS2), a material that has been used extensively in research for friction reduction and wear 

resistance. However, as a friction-reducing material, MoS2 exhibits a low friction coefficient because this inorganic 

compound is more charged within the layers compared to other common 2D nanomaterials. Therefore, MoS2 tends to 

agglomerate under electromagnetic action in a conducive environment, which makes its dispersion difficult while 

weakening its lubricating effect. Via the hydrothermal growth of MoS2 nanoflowers using stable hydroxymethylated 

lignin nanoparticles (HLNPs) as substrates, we have developed a hybrid material that combines the structural stability 

of the organic phase with the lubricating effect of the inorganic component. By solving the problem of agglomeration 

of MoS2, hybrid MoS2-HLNPs proved to be an excellent bio-derived additive to lubricants. While the use of HLNPs as 

additives resulted in an 18% reduction in wear volume, hybrid MoS2-HLNPs were responsible for a 71% reduction. 

These unprecedented results open up possibilities for a versatile and under-researched field that may pave the way for 

a new class of circular bio-based lubricants. 
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Assessment of the effects of organofluorine compounds on the quantitative and qualitative 

characteristics of soil organic matter 
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Per and poly-fluoroalkyl substances are fluorinated organic compounds with a high diversity in structure that are known 

for their high surface activity and unusual persistence against chemical, biological, and thermal changes. Moreover, due 

to their amphiphilic characteristics, they have extraordinary chemical behavior in soil matrix. Previous research have 

shown that among various environmental factors, soil organic matter (SOM) has a dominant role in the retention and 

fate of PFAS in soil. Although, there are commanding studies in literature about soil particles interactions with PFAS 

which expand our knowledge about PFAS chemical behavior in soil matrix, because of excessive accumulation of PFAS 

in soil throughout world it is needed to investigate possible PFAS effects on carbon cycling in soil and SOM quality. 

The present study aims at identifying the interference of PFAS with the carbon cycle and changes in SOM quality, which 

in turn can affect soil functions. In present study, impact of three organofluorine compounds, namely 

Perfluorooctanesulfonic acid (PFOS), Perfluorooctanoic acid (PFOA), and Perfluorobutanoic acid (PFBA) on leaching 

and quality of organic matter are investigated in two soils: natural peat with more recalcitrant organic matter and 

artificially produced soil from compost, wastewater treatment biosolids and sand, which is used in urban environment 

with more degradable organic matter. The soil samples were mixed with PFAS-spiked solution at various PFAS 

concentrations, and qualitative and quantitative changes in SOM are being investigated applying UV, FTIR and a solid-

state NMR spectroscopic techniques. The results will be presented during the conference.   
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Impact of perfluoroalkyl compounds (PFAS) on gas exchange and xylem hydraulics in hydroponically 

grown willow plants 
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Poly- and perfluoroalkyl substances (PFAS) are among the most common pollutants derived from anthropogenic 

activities causing worldwide environmental contamination. More than 4700 aliphatic compounds are currently classified 

as PFAS, whose structure comprises a partially or fully fluorinated carbon chain and a functional group, which confer 

both hydrophilic and lipophilic properties. The high chemical and thermal stability provided by this structure makes 

them extremely resistant to degradation. PFAS are known to translocate across water and accumulate inside living 

organisms, causing metabolic alterations. Willow plants can accumulate large amounts of PFAS, with a minor impact 

on their growth and photosynthesis activity, hence they are potential candidates for phytoremediation. PFAS were 

previously detected in the xylem tissue of wetland plants, however, there is still limited knowledge about the PFAS 

effects on the plant vascular system and physiology. Here, we investigated whether the accumulation of PFAS in willows 

may affect the hydraulic properties of their conductive elements. Willow cuttings were hydroponically grown and 

exposed to a PFAS mixture of eleven compounds at 100 µg/L each for one week, after that PFAS content in roots, stems 

and leaves was determined, and gas exchange parameters and xylem vulnerability to embolism were measured. Large 

amounts of PFAS were found in roots and leaves, depending on the chain length and functional group, whilst small 

amounts were detected in wood samples. Stomatal conductance and transpiration rate were both significantly decreased 

in treated plants, but this reduced the photosynthesis efficiency only slightly compared to controls. According to the 

hydraulic vulnerability curves, PFAS-exposed plants were characterized by an increased susceptibility to xylem 

embolism under drought conditions. These results suggest that PFAS can adhere to the inner walls of xylem conduits, 

increasing their hydrophobicity and causing a decrease in adhesion forces. This enhances the vulnerability to embolism 

and decreases the stomatal opening, thus altering the plant water balance. 
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Less is more: influence of crosslinking agent concentration on PFOS adsorption in chitosan 

 

Philipp Wittwer, Philipp Roesch, Christian Vogel, Lennart Gehrenkemper, Fabian Simon, Björn Meermann and  

Franz-Georg Simon 

Bundesanstalt für Material- forschung und -prüfung (BAM) 

 

philipp.wittwer@bam.de 

 

PFAS Adsorption is an important concept for both their remediation and their analysis, for example for the Adsorbable 

Organic Fluorine (AOF) sum parameter. It is therefore paramount to investigate new potential adsorbers and improve 

known ones. In this work we investigated via Combustion Ion Chromatography (CIC) the PFOS adsorption potential of 

chitosan. Till now the influence of the crosslinking agent concentration during the chitosan synthesis on its PFAS 

adsorption capacity had not been investigated in the literature. We found that higher concentrations of the crosslinking 

agent epichlorohydrin is inversely proportional with the PFOS adsorption capacity of the crosslinked chitosan, with the 

highest capacity for non-crosslinked chitosan. The decrease of the adsorption capacity during the crosslinking step is 

likely connected to a change in morphology (loss of membranes), as revealed by SEM imaging, in addition to the 

expected decrease of available hydroxide groups. We then compared the improved chitosan with activated carbon, 

optimized for PFAS adsorption, in a rapid small scale column test regarding their PFOS adsorption at same volume of 

adsorption material. Both materials were tested without modification and after being milled to a fine powder. The test 

showed that regarding the adsorption material weight the AC has less PFOS adsorption capacity than the chitosan, but 

regarding the adsorption material volume the clean-up potential is better, as its eluent PFOS concentration is lower, 

especially if it is milled. 
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PFAS mass balance analysis in ski wax, snowmelts and alpine soil 

 

Viktoria Müller¹, Larissa Cristine Andrade Costa², Filipe Soares Rondan², Eleonora Eleonora Matic¹,                  

Marcia Foster Mesko², Andrew Kindness³ and Joerg Feldmann¹ 

¹ University of Graz, ² Universidade Federal de Pelotas, ³ The James Hutton Institute, Aberdeen, UK 

 

viktoria.mueller@hutton.ac.uk 

 

Per and polyfluoroalkyl substances (PFAS) are common additives in ski waxes for their water repellent characteristic. 

Abrasion of ski wax leaves PFAS on the snow surface, however, little is known about the distribution and concentration 

of PFAS in snow and soil due to skiing. In this study we analysed different ski waxes, snowmelts from skiing areas and 

soil from remote alpine location using targeted high performance liquid chromatography tandem mass spectrometry 

(HPLC-MS/MS) analysis to understand more about PFAS distribution in the environment. We found that PFAS was 

present in all analysed media. The sum of all target PFAS ranges between < 0.003 ng/g and 0.14 ng/g in snowmelt, < 

0.62 ng/g and 5.35 ng/g in soil and < 1.89 and 874 ± 240 ng/g in ski wax samples. Total fluorine content of the ski 

waxes is determined by ion chromatography after microwave-induced combustion digestion was found to be several 

orders of magnitude higher and varied between < 16 and 31210 ± 420 mg/g. Mass balance of organic fluorine was 

conducted using combustion ion chromatography (CIC). Extractable organic fluorine concentrations ranged up to 2.12 

± 0.2 mg/g (wax samples). We also showed that the sum of all target PFAS accounts for only a few % in extractable 

organic fluorine content, indicating that target LC-MS/MS cannot give a reliable measure of the pollution originated 

from ski waxes. Results indicate that ski waxes can be a source for PFAS contamination in snow and soil and that non-

target analysis is needed to get a better overview on PFAS distribution. 
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Total fluorine and PFAS determination in make up for eye region 

 

Marcia Foster Mesko¹, Filipe Soares Rondan²; Alisson Aline da Silva, Fernanda Pitt Balbinot², Viktoria Müller³ and  

Joerg Feldmann³ 

¹ Federal University of Pelotas (UFPel), ² Universidade Federal de Pelotas, ³ University of Graz 

 

marciamesko@yahoo.com.br 

 

Despite the few existing analytical strategies for this purpose, there are no official methods for fluorine determination 

in cosmetics, even though this element have the allergenic potential for the human skin and mucous membranes. Thus, 

in this study, a new strategy for total fluorine determination in eyelash mascara and liquid eyeliner was developed. 

Additionally, per and polyfluoroalkyl substances (PFAS) were also determined in these samples. For this, extraction 

and combustion methods were optimized to obtain suitable and reliable results on total fluorine and its organic species. 

The use of the microwave-induced combustion (MIC) method for sample preparation allowed obtaining digests 

compatible with ion chromatography (IC), ensuring the feasible acquisition of results regarding the total concentration 

of fluoride in cosmetics. The total F concentration varied in a wide range in the eyelash mascaras and liquid eyeliners 

of different origins, colors, and brands, from 15 to 1132 mg kg-1. The results presented suitable precision (relative 

standard deviations for repeatability less than 10%) and a suitable limit of detection (3 mg kg−1). These findings 

demonstrate the rising need for fluorine determination and its species in cosmetics quality control. 
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First evidence of silver stable isotope signatures in soils contaminated by historical mining/smelting 

activities 

 

Ales Vanek¹, Maria Vankova², Martin Mihaljevič² and Vojtěch Ettler² 

¹ Czech University of Life Sciences Prague, ² Charles University 

 

vaneka@af.czu.cz 

 

Silver isotopic fractionation during metallurgical processes (or other high-T processes) and during its fate in mining- 

and smelter-affected environments, Ag-contaminated soils/sediments remain entirely unknown. Regarding the Ag-ore 

processing (roasting/smelting technologies), it can be assumed that, similarly to other isotopic systems (e.g., Tl and Cu), 

the isotopically lighter Ag (enriched in 107Ag) enters the smelter emissions (fly ash), and isotopically heavier Ag 

(enriched in 109Ag) remains in the residual metal phase. Our preliminary data from the Ag-contaminated soils around 

a former primary Ag-smelter at Příbram (Czech Rep.) indicate an apparent variability of ε109Ag within soil profiles. 

The identified ε109Ag values presented for the forest soil profile recorded ~0 in the organic horizon (O), ~0-+1 in the 

organo-mineral horizons (A1 and A2), and up to +7 in the mineral horizon (B). This finding suggests both the 

isotopically-lighter Ag fraction present in the topsoil, as well as enhanced 107Ag release during high-T smelting 

operations, i.e., relative to geogenic Ag (local ore). However, the question that clearly remains to date is to which degree 

the alteration/chemical processes in soil could have produced the Ag isotopic fractionation and which type of 

mechanisms (e.g. Ag(I)->Ag0) could represent the key geochemical controls. 
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Iron isotope fractionation in Gleysols profiles during biogeochemical weathering 

 

Qian Zhang 

 

zhangqian@igsnrr.ac.cn 

 

Iron (Fe) isotope is an effective tool for tracing Fe transformation, migration, and biogeochemical cycling in the Earth's 

surface system. In this study, the Fe content and stable isotope composition (56Fe/54Fe) in two Gleysol profiles (M1 

and M2) were investigated to distinguish the potential mechanisms and processes of controlling the Fe isotope 

fractionation during weathering in the Mun River Basin (MRB), Northeast Thailand. The δ56Fe composition (relative 

to the IRMM-014 standard) of soils ranged from −0.18‰ to +0.54‰ in the M1 profile and from +0.04‰ to +0.27‰ in 

the M2 profile, and the Fe isotope composition was extremely light in the Fe nodule-containing zone. The lowest δ56Fe 

value was measured in the Fe nodule-containing zone likely resulted from the formation of iron (hydr)oxides in Fe-rich 

groundwater with a light Fe isotope composition. The positive correlation between δ56Fe and chemical index of 

alteration (CIA) values suggests that strong weathering of sandstone induces Fe mobility and isotope fractionation in 

soils without oxide nodules. However, the Fe content and δ56Fe composition of the Fe nodule-containing zone are 

mainly controlled by redox processes. Leaching is likely an important factor leading to a decrease in Fe content and the 

enrichment of heavy Fe isotopes in the topsoil of the M1 profile. However, in addition to the leaching process, organic 

matter plays a crucial role in Fe isotope fractionation, resulting in the enrichment of light Fe in the organic matter-rich 

topsoil of the M2 profile. Our findings provide new insight into the Fe isotope compositions of Gleysols and elucidate 

the controlling factors and procedures related to Fe isotope fractionation, which will aid in the understanding of Fe 

cycling during weathering in the MRB. 
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Pb contamination of agriculture soils adjacent to traffic roads – the old legacy 

 

Adéla Šípková, Vladislav Chrastný and Blanca Astray 

Czech University of Life Sciences Prague 

 

sipkovaa@fzp.czu.cz 

 

We systematically sampled the locality near frequented highway D5, Czech Republic. This part of D5 was built and 

opened several years before phasing out of leaded gasoline in the Czech Republic. We analyzed metal content, 

polyaromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). According to the literature, we have been 

trying to recognize three contamination levels as follows: (i) near the traffic road – 10 m from the edge of the road; (ii) 

the most exposed level – 50 m from the edge of the road, and (iii) the pristine area – 400 m from the road. During the 

first sampling campaign, we found significant contamination of Pb (up to 549 mg kg-1 below the arable layer and up to 

431 mg kg-1 in the arable layer). The individual level of each PAHs and PCBs and the sum of the congeners was far 

from the Czech limits (Nr. 153, 2016). We arranged a sampling transect for the second sampling campaign to find the 

Pb contamination range. We also used Pb/Sr stable isotope tracing method and the PAHs congeners diagnostic ratio tool 

to learn more about the sources of contamination. The Pb contamination has the maximum at approx. 180 -200 m from 

the edge of the D5 road. The possible source of that contamination would be the leaded gasoline as the old legacy. From 

the PAHs congeners diagnostic ratios, we found that both petrogenic and pyrogenic sources impacted the soils and the 

local burning of grass, wood, and coal. We also analyzed the crops cultivated here (colza and winter wheat) and both 

were over the limits (EU 1275/2013) in terms of Cd and Pb for utilizing them for the food industry or as animal feed. 
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Estimating Cd stable isotope ratios in samples with low Cd amounts using a standard addition method 

 

Blanca Astray Uceda¹, Vladislav Chrastný², Gildas Ratié³ 

¹ Czech University of Life Sciences Prague, Faculty of Environmental Sciences ² Czech University of Life Sciences 

Prague (CZU), ³ ISTO-Orleáns 

 

astray_uceda@fzp.czu.cz 

 

Cadmium (Cd) is a toxic trace element, mainly mobilized by anthropogenic activities such as combustion, industry, and 

mining. Identifying its sources and mobility is, therefore, essential. The study of stable Cd isotopic composition is 

suitable for this purpose, as the natural and industrial isotopic signals differ significantly. Snow is an interesting indicator 

of atmospheric contaminants as it gathers metal-bearing particles and aerosols. We sampled and filtered snow in 

industrial and remote areas: Ostrava (Czech Republic) and Nuuk (Greenland), keeping the particulate and 50 mL of the 

dissolved fraction. The maximum Cd amount in filtrate samples was 5 ng, while particulate contained 10 to 70 ng. These 

relatively low amounts of Cd make the analysis of Cd isotopic composition challenging, reducing the analysis feasibility 

and reliability, and limiting the number of replicates. To ensure the successful determination of δ114Cd in these samples 

by Thermal Ionization Mass Spectrometry (TIMS), we propose a method of standard additions that increases the 

analyzed Cd artificially. By adding a standard solution of known δ114Cd to the sample, the Cd isotope signature of the 

sample may be calculated by isotope mass balance. To test this hypothesis, we measure the δ114Cd values in mixtures 

containing increasing proportions of a standard sample (NIST-SRM-2711a Montana-II-Soil (SMII)) and a standard 

solution (BAM-I012) to determine the minimum sample percentage required for measurement. BAM-I012 was selected 

because of its heavy isotopic composition (-1.30‰), far from environmental samples. The long-term δ114Cd values 

measured in our laboratory in 2022 for SMII is 0.55 ± 0.014‰. From mixtures of 0, 5, 10, and 20% SMII and the 

corresponding amount of BAM-I012 to reach 500 ng of Cd, the estimated δ114Cd value is 0.66‰, with broad ± 0.4‰ 

prediction intervals. These preliminary results suggest the need to increase the sample percentage to estimate more 

reliable δ114Cd values in snow samples with low Cd amounts. 
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