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Supramolecular Structure of NOM 
and EfOM: Analytical Evidence

Martha J. M. Wells1

	 1	 EnviroChem Services, 2613 Cherington Drive, Auburn, Alabama, USA 36832
		  info@envirochemservices.net or mjmwells@tntech.edu 

During the past quarter century, 
conceptualization of the supramolecular 
structure of fulvic and humic acids in soil 
science has developed, championed by 
the pioneering and ongoing research 
of Piccolo [1–3]. Advances in analytical 
instrumentation and techniques have 
likewise driven the quest for better 
understanding of the architecture of 
aquatic natural organic matter (NOM) 
and not-so-natural effluent organic 
matter (EfOM).

The supramolecular view of aquatic 
OM aggregates was expanded to 
a conceptual model [4–5] of a dual 
metachemical—physical hydrogel 
structure arranged in a hierarchical 
“supramolecular within supramolecular” 
self-assembling architecture in 
which metachemical hydrogels (≤1 
μm diameter) are corralled within a 
dispersible physical hydrogel scaffold 
(>1 μm diameter). Moderate and strong 
H-bonding in addition to weak H-bonds, 
van der Waals forces, entanglement, 
and metal bridging are proposed 
to participate in supramolecular, 
self-assembled aggregation. The 
dispersible physical hydrogel scaffold 
was observed to form, dissipate, and 
spontaneously reform over turbulent/

quiescent cycles (shearing) indicating 
reversible and reproducible abiotic 
self-assembly. Beyond the existence of 
the supramolecular character of humic 
substances, interest in understanding its 
significance and the purpose for which 
OM evolved in nature to provide essential 
functions in soil and water environments, 
is growing.

In EfOM, “nonliving” organic carbon, 
comprised of plant and animal detritus, 
waste materials, and pollutants, exists 
in a myriad of forms—diagenetic (“long 
dead” degraded and rearranged fulvic 
and humic acids), biogenic (“recently 
dead or excreted” extracellular 
hydrophilic acids, amino acids, proteins, 
sugars, polysaccharides, carbohydrates, 
lipids, and nucleic acids), and 
anthropogenic (“synthetic” pesticides, 
pharmaceuticals and personal care 
products (PPCPs), macro-, micro- and 
nanoplastics, per- and polyfluoroalkyl 
substances (PFAS), etc.). Diagenetic, 
biogenic, and anthropogenic compounds 
commingle as supramolecular, 
macromolecular, and molecular forms, 
thereby affecting removal by water 
treatment processes [6, 7]. 

Empirical data from studies using 
flow field-flow fractionation (flFFF) [8], 
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dynamic light scattering (DLS) [9, 10], 
nanoparticle tracking analysis (NTA) 
[11], and excitation-emission matrix 
fluorescence spectroscopy with parallel 
factor analysis (EEM-PARAFAC) [12] will 
be presented to support this discussion. 
Applications including NOM/EfOM 
in aquatic ecosystems [13], removal 
via water reuse processes [14], and 
prediction of disinfection byproducts will 
illustrate the impacts of aquatic organic 
supramolecular structures. 
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Organic Matter Photochemistry and the Sulfur Cycle

Kristopher McNeill1

	 1	 ETH Zurich, Institute of Biogeochemistry and Pollutant Dynamics, Universitätstrasse 16, 
8092 Zürich, Switzerland

Photochemical reactions are 
becoming more recognized for their 
role in the fate of dissolved organic 
sulfur (DOS) in natural waters, yet many 
questions remain. Recent work shows 
that sunlight converts a wide range of 
DOS compounds to sulfate and low-
molecular-weight S products, and that 
triplet-sensitized one-electron oxidation 
followed by SO2/S(IV)/SO4²– conversion 
may represent a general mechanism 
[1,2]. Building on these findings, 
we have begun to investigate how 
photochemistry shapes DOS cycling in 
the surface ocean and inland lakes.

We combine field measurements, 
controlled irradiation experiments, and 
mechanistic studies to (i) assess whether 
photomineralization contributes to 
the “missing sink” of oceanic DOS, (ii) 
quantify DOS photooxidation across 
lakes with diverse sulfur geochemistry, 
and (iii) resolve oxidation pathways for 
representative biosynthetic, sulfurized, 
and petroleum-derived organosulfur 
compounds. 

This work will seek to clarify the 
magnitude and mechanisms of DOS 
photooxidation, improve predictions 
of organosulfur fate, and strengthen 
links between aquatic photochemistry, 
biogeochemical sulfur cycling, and 
climate-relevant sulfur fluxes. The 
results will be relevant to environmental 
chemistry, biogeochemistry, atmospheric 
chemistry, water treatment, and 
geoscience.

References
1.	 R. Ossola, J. Tolu, B. Clerc, P. R. Erickson, L. H. 

E. Winkel, K. McNeill, Environ Sci Technol 53 

(2019), 13191-13200. 

2.	 R. Ossola, B. Clerc, K. McNeill, Environ Sci 

Technol 54 (2020), 13066-13076.
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Organic Chemical Diversity Beyond Earth: C-, N-, S- 
and P-cycling from Earth to other parent bodies 

Philippe Schmitt-Kopplin1, 2, 3 
	 1	 Technical University Munich TUM, analytical Food Chemistry, Weihenstephan, Freising, 

Germany
	 2	 Helmholtz Munich, analytical BioGeoChemistry, Oberschleißheim, Germany
	 3	 Max Plank Institute for Extraterrestrial Physics, Center for Astrochemical Studies, Garching, 

Germany
		  schmitt-kopplin@tum.de 

Understanding complex organic 
mixtures in bio- and geosystems at the 
molecular level remains a major challenge 
in modern science. From an analytical 
chemistry perspective, this endeavor 
demands the continuous development 
of high-resolution analytical technologies 
and innovative approaches for advanced 
data interpretation.

Our goal is to reveal the chemical 
diversity and complexity of organic 
natural mixtures shaped by both 
biotic and abiotic processes. We 
present conceptual frameworks and 
experimental results that illustrate 
the breadth of chemical complexity 
across diverse systems—from life 
(Metabolomics), to post-life (Organic 
Geochemistry in water systems), 
towards pre-life stages (Astrochemistry). 
These interconnected domains 
highlight the analytical challenges 

in characterizing dynamic molecular 
systems.

Examples and applications are 
drawn from ongoing projects, including 
studies profiling the chemistry within the 
terrestrial biogeochemical continuum 
in water systems and investigations 
of extraterrestrial environments. We 
emphasize the role of non-enzymatic 
processes in linking and regulating 
chemistry across these super-
systems. Particular attention is given 
to the carbon, sulfur, nitrogen and 
phosphorous chemistry in meteorites, 
providing insights into abiotic parent-
body processes. These concepts and 
findings are essentials to interpret data 
from sample-return missions such as 
HAYABUSA2 and OSIRIS-REx, which 
delivered CHNOPS material from 
the asteroids Ryugu and Bennu in 
collaboration with JAXA and NASA.
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Thermodynamic and Calorimetric Quantification 
of Soil Organic Matter Turnover

Thomas Maskow1, Du Yuan1, Shiyue Yang1, Christian Fricke2,3, Marcel Lorenz4,5, 
Eliana di Lodovico1,2, Anja Miltner5, Mathias Kästner5

	 1	 Helmholz Centre for Environmental Research-UFZ, Department Microbial Biotechnology, 
Permoserstr. 15, 04318 Leipzig, Germany, e-mail: thomas.maskow@ufz.de

	 2	 RPTU Kaiserslautern-Landau, iES Landau, Institute for Environmental Sciences, Group of 
Environmental and Soil Chemistry, R, Fortstraße 7, 76829 Landau, Germany

	 3	 Duale Hochschule Sachsen - Staatliche Studienakademie Riesa, University of Cooperative 
Education, Rittergutstraße 6, 01591, Riesa, Germany

	 4	 Trier University, Soil Science, FB VI, Behringstraße 21, 54296 Trier, Germany
	 5	 Helmholz Centre for Environmental Research-UFZ, Department Molecular Environmental 

Biotechnology, Permoserstr. 15, 04318 Leipzig, Germany

Soil organic matter (SOM) turnover 
is commonly described in terms of 
carbon pools, microbial activity, and 
mass balances. However, organic matter 
entering soil is not only a source of 
carbon and nutrients, but also a carrier 
of chemical energy. During microbial 
decomposition, this energy is partially 
lost trough respiratory processes and 
dissipation as heat, while the remaining 
fraction is conserved in microbial 
biomass, necromass, and ultimately 
stabilized SOM. Quantifying these 
energy transformations may therefore 
provide an additional perspective on soil 
carbon cycling and on the mechanisms 
controlling SOM persistence [1].

In this contribution, I will present 
how calorimetric and thermodynamic 
approaches can be used to complement 
classical carbon-based descriptions of 
SOM turnover. Isothermal calorimetry 
and calorespirometry allow microbial 
heat production to be linked with CO2 or 

O2 fluxes, thereby coupling stoichiometric 
balances with enthalpy balances 
and providing access to reaction 
enthalpies, and energy dissipation 
during microbial turnover in combination 
with thermodynamc modelling. These 
measurements can be further used to 
estimate thermodynamic state functions 
such as Gibbs energies and entropies, 
and use efficiencies of carbon (CUE) 
and energy (EUE). By combining carbon 
and energy balances, these approaches 
make it possible to distinguish whether 
SOM turnover primarily results in 
respiratory losses, heat dissipation, or 
the formation of microbial biomass and 
necromass. In addition, combustion 
calorimetry and thermal analysis provide 
information on the chemical energy 
stored in SOM itself, which is required 
to close energy balances and to develop 
thermodynamically consistent models of 
soil carbon turnover.
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Using examples from recent 
experimental work, I will show how heat 
production rates, respiratory fluxes, 
isotope-labelled substrates, and energy-
content measurements can be combined 
to quantify microbial turnover processes 
in soil systems. Particular emphasis 
will be placed on the methodological 
challenges of applying calorimetric 
and thermal analytical techniques to 
heterogeneous, low-carbon soil samples 
and on the opportunities arising from 
linking energetics with stoichiometric and 
thermodynamic modelling.

Overall, the presentation proposes 
that energy should be treated as an 
explicit state and balance variable 
in soil biogeochemistry. Such a 
thermodynamic perspective does not 
replace carbon-based approaches, but 

can reveal constraints, efficiencies, and 
transformation pathways that remain 
hidden when soil organic matter turnover 
is considered only as a redistribution of 
carbon.

References
1.	 M. Kästner, T. Maskow, A. Miltner, M. Lorenz, 

S. Thiele-Bruhn, Soil Biology and Biochemistry 

(2024) 109403.
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Deciphering the Molecular Composition 
of Biological NOM and Its Transformation During 
Disinfection Using a Novel MS-Based Approach

Pei Guo, Yufei Chen, Rong Liu, Guangrong Sun, Wei Wang1

	 1	 College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, 
China

The extensive utilization of a variety 
of impaired water supplies in recent 
years has substantially increased the 
proportion of biological NOM in source 
water, which include biomolecules 
originating from cells, tissues, excreta, 
and detritus from microbes, plants, 
and animals at relatively early stages 
of decomposition. Among them, 
nucleic acids, which serve as essential, 
ubiquitous genetic substances across 
almost all living organisms, enter source 
waters through natural cell lysis as well 
as external inputs from agricultural 
runoff, discharge from livestock 

husbandry, industrial wastewater, and 
urban sewage. However, the molecular 
composition, structural diversity, and 
transformation pathways of nucleic acids 
remain poorly understood due to its 
extreme complexity and the limitations 
of conventional analytical approaches. 
In this study, we developed a novel mass 
spectrometry (MS)-based approach 
integrating advanced molecular 
characterization and computational 
analysis to decipher the molecular 
composition of biological NOM and track 
its transformation during disinfection.
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Humic Substances as Drivers of Carbon Footprint 
Reduction: Linking Environmental Remediation, 
Soil Health and Sustainable Agriculture

Adele M. Muscolo 

		  Department of AGRARIA, Mediterranea University of Reggio Calabria, Italy

The increasing environmental 
pressures associated with intensive 
agricultural systems, including 
greenhouse gas emissions, soil 
degradation, biodiversity loss, water 
contamination, and depletion of soil 
organic carbon (SOC), are accelerating 
the need for sustainable and regenerative 
agricultural strategies. Conventional 
input-intensive farming models, strongly 
dependent on synthetic fertilizers and 
linear resource consumption, have 
contributed significantly to climate 
alteration and ecosystem instability, 
particularly in fragile Mediterranean 
agroecosystems characterized by 
low organic matter content and high 
vulnerability to desertification processes.

Within this framework, European 
policy frameworks such as the 
European Green Deal, the Farm to 
Fork Strategy, the EU Soil Strategy for 
2030, and emerging carbon farming 
initiatives are increasingly promoting 
the transition toward climate-smart and 
resource-efficient agricultural systems 
capable of combining productivity with 
environmental sustainability.

In this context, humic substances 
(HS) are emerging as multifunctional 
ecological regulators capable of 

simultaneously improving soil 
functionality, enhancing carbon 
sequestration, reducing environmental 
pollution, and supporting sustainable 
agricultural productivity. Beyond their 
traditional role as stable fractions of 
soil organic matter, HS are increasingly 
recognized as dynamic bioactive 
compounds involved in nutrient 
cycling, microbial stimulation, pollutant 
immobilization, water retention, 
and modulation of soil biochemical 
processes. Their ability to influence the 
soil–plant–microbiome nexus places 
them at the center of new strategies 
aimed at restoring ecosystem resilience 
and reducing the environmental footprint 
of agricultural production systems.

Particular attention is currently being 
devoted to the valorisation of agro-
industrial residues and organic wastes 
as renewable sources for the generation 
of HS-rich amendments within circular 
bioeconomy frameworks. Composts, 
vermicomposts, digestates, and 
innovative sulfur–bentonite formulations 
enriched with agro-food by-products 
represent promising examples of 
engineered organic matrices capable 
of transforming waste into functional 
carbon resources. These materials not 
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only recycle nutrients and reduce waste 
disposal burdens but also contribute to 
long-term soil carbon stabilization and 
improved ecosystem services.

Recent experimental evidence 
demonstrates that HS-based 
amendments can significantly enhance 
soil biochemical and microbiological 
functionality through the stimulation 
of enzymatic activities such as 
dehydrogenase, fluorescein diacetate 
hydrolysis, urease, and catalase, while 
simultaneously promoting microbial 
biomass development and increasing 
soil biodiversity. Improvements 
in soil structure, cation exchange 
capacity, nutrient buffering, and water-
holding capacity further contribute to 
increased resilience against drought 
and environmental stress conditions. 
Furthermore, the integration of multi-
indicator approaches combining 
chemical, microbiological, biochemical, 
and faunal parameters has proven 
effective in detecting early changes in 
soil quality and ecosystem functionality 
following HS application.

From a climate mitigation perspective, 
HS-based amendments represent 
promising low-impact solutions capable 
of simultaneously enhancing soil 
carbon stabilization and reducing the 
environmental burden of agricultural 
production. Life Cycle Assessment 
(LCA) approaches increasingly confirm 
the sustainable advantages of HS-
derived products obtained from agro-
industrial residues over conventional 
fertilization systems, highlighting 
reductions in greenhouse gas emissions, 

eutrophication potential, and fossil 
resource consumption and increment in 
circular resource efficiency. Moreover, 
the ability of HS to promote long-term soil 
organic carbon sequestration highlights 
their potential relevance within emerging 
carbon credit and carbon farming 
frameworks, where regenerative soil 
management practices may contribute to 
measurable climate mitigation outcomes 
and the generation of ecosystem service 
value. These findings reinforce the 
strategic role of HS within regenerative 
and climate-smart agricultural systems 
aimed at supporting ecosystem 
restoration, sustainable food production, 
and the transition toward low-carbon 
circular bioeconomies, consistently with 
the targets established by the European 
Green Deal and related EU sustainability 
strategies.

We will explore the emerging role of 
humic substances as strategic tools for 
connecting environmental remediation, 
soil restoration, climate mitigation, and 
sustainable food production. Particular 
attention will be devoted to innovative 
circular approaches based on the 
valorisation of agro-industrial residues, 
the application of integrated biological 
and biochemical soil quality indicators, 
and the development of nature-
based solutions aimed at restoring 
soil functionality while maintaining 
productive and economically viable 
agricultural systems.

Finally, future perspectives on 
the application of HS in regenerative 
agriculture, microbiome engineering, 
carbon farming, and climate-resilient 
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agroecosystems will be discussed, 
highlighting the transition from 
conventional input-based agriculture 

toward ecological models centered on 
functional carbon management and 
ecosystem restoration.
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Molecular Modeling and Simulation of Soil Components

Chris Oostenbrink

		  BOKU University, Department of Natural Sciences and Sustainable Resources, Institute for 
Molecular Modeling and Simulation, Muthgasse 18, 1190 Vienna, Austria

Molecular dynamics simulations 
give insight into molecular processes 
at a resolution that is often inaccessible 
by experiments. The structure and 
(thermo)dynamics of small molecules 
interacting with various media are 
commonly studied by computer 
simulations in material sciences and 
biomolecular sciences. However, 
extensive molecular simulations of soil 
constituents are hampered by ill-defined 
molecular systems and restrictions in the 

description of the relevant interactions. 
The Vienna Soil-Organic-Matter Modeler 
opened a way to create realistic models 
of such systems, allowing to link 
macroscopic properties to molecular 
interactions and processes. In particular 
the interactions with small organic 
molecules and with mineral surfaces are 
of high relevance. I will highlight some 
of our recent developments to advance 
the field of molecular simulations on soil 
components. 
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SL1

Unfolding the Conformational Structure 
of Supramolecular Humeomes in 8 M Urea 

Alessandro Piccolo1, Marios Drosos2, Giovanni Vinci3

	 1	 Alessandro Piccolo, Dipartimento di Agraria, Università di Napoli Federico II, Piazza Carlo di 
Borbone 1, Portici, 80055, Italy, alessandro.piccolo@unina.it.

	 2	 Marios Drosos, Dipartimento di Scienze Agrarie, Forestali, Alimentari e Ambientali (DAFE), 
Università della Basilicata, Viale Dell’Ateneo Lucano 10, Potenza, 85100, Italy.

	 3	 Giovanni Vinci, Dipartimento di Agraria, Università di Napoli Federico II, Piazza Carlo di 
Borbone 1, Portici, 80055, Italy.

We dissolved in 8 M urea solution 
molecularly characterized humeomes 
[1] isolated from either soils or 
geochemical sources to follow their 
conformational behavior when eluted 
in a high-performance size-exclusion 
chromatography (HPSEC) system and 
detected by both UV and Refractive 
Index (RI) detectors. 

The UV-detected chromatographic 
profile showed only an intense 
absorbance at the column void 
volume, where the RI detector 
instead revealed just a small peak. 
Concomitantly, the large humeomes 
mass was RI-detected as a large 
absorption uniquely at the column 
total volume. This peculiar behavior 
was explained with the highly 
structured urea-water network 
exerting a strong hydrophobic effect 
[2, 3] that forced the apolar humic 
molecules into apparently large 
clusters eluting at the void volume 
of the HPSEC column, while polar 
and medium polar components were 
separated from each other by the 
strong hydrogen bonding capacity of 

the urea solution and diffused through 
the column micropores up to the 
total volume. The intensity difference 
between UV and RI detections 
indicates that the UV-detected 
hydrophobic assemblies contained 
only few aromatic groups, but their 
enforced proximity favored mutual 
charge-transfer interactions, thus 
providing a hyperchromic effect [4, 5] 
with absorbances larger than the sum 
of single aromatic chromophores. 

Three different soils incubated for 
one year with maize residues provided 
HPSEC profiles which suggested 
altered humic composition. Changes 
in aromatic groups, as revealed by 
13C-NMR spectra, affected the 
intensity of UV-detected peaks of 
hydrophobic clusters, while different 
amounts of polar and medium-polar 
molecules determined the humeomes 
conformational rigidity, varying the RI 
signals at the column total volume. 

Our results indicated that a 
concentrated urea solution was 
capable to unfold the weakly-bound 
humic associations and efficiently 
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separating components of different 
chemical affinity, thereby confirming 
the supramolecular structure of 
humeomes, and representing a 
useful technique to simplify their 
heterogeneity, facilitate their molecular 
characterization, and understand their 
role in the agroecosystem.
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Visualizing Organic Matter Quality Differences 
with Ultra-High-Resolution Mass Spectrometry
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The composition of natural organic 
matter (NOM) remains a conundrum. 
The highest resolution for elemental 
compositions of NOM can be achieved 
by Fourier- transform ion cyclotron 
resonance mass spectroscopy (FT-
ICR-MS). This tool generates elemental 
compositions (i.e., molecular formulas, 
MFs) of thousands of NOM components 
which can be extracted from aqueous 
samples (e.g., via solid phase extraction, 
SPE) and which are ionizable (e.g. via 
negative mode electrospray ionization). 
NOM is not an inert mixture of 
compounds and its composition may be 
altered by photochemical or microbial 
reactions, adsorptive fractionation, 
or mixing of different water sources. 
In order to comprehend such NOM 
quality changes, specific data evaluation 
methods are required.

The simplest approach to compare 
NOM quality between two samples is 
the presence of components in one 
sample and the absence in the other 
sample and display in van Krevelen 
diagrams (H/C versus O/C) or other 
descriptor combinations like H/C versus 

mass [1,2,3]. If several samples have to 
be compared, this approach is limited 
because of increasing possibilities of 
unique and partially shared MF with 
increasing number of samples [2]. Such 
partially shared MF often show low 
abundance (small peak magnitudes 
near the S/N threshold) [3]. A second, 
more sophisticated approach is the 
direct comparison of normalized 
peak magnitudes formula by formula 
and sample by sample for the shared 
formulas (i.e., present in all samples 
which are compared). A statistically 
robust method is the peak magnitude 
ranking and the calculation of inter 
sample ranking. The visualization of 
inter sample ranks can be easily realized 
in van Krevelen diagrams as well [2,3]. 
In this way, the abundance trends of 
biogeochemically similar groups of 
molecules (having similar molecular 
descriptors and reactivity) can be 
followed. 

KEY-components represent MF with 
the biggest impact on DOM quality 
difference [4] and can be performed by 
plotting of normalized peak magnitudes 
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(direct infusion FTICR-MS [4]) or raw 
peak magnitudes (UHPLC-FTICR-MS 
[5]) versus time or space (e.g. lake 
depth). Depth profiles, for example in 
reservoirs or sediment pore-waters [4] 
or reaction time courses - for example 
photochemical transformations [4,5] 
– can be obtained for single MF. The 
KEY-components can be obtained 
by calculation of maximum relative 
abundance differences [4,5].

Overall, the presented approaches 
support a better understanding of 
NOM processing. Potential adsorption 
/ desorption could be understood 
in sediment pore waters of an acidic 
mining lake [2]. The transformation of 
riverine NOM from terrestrial source 
to sea could be followed [6]. Highly 
reactive components could be identified 
by combining a photo degradation 

experiment with drinking water reservoir 
depth and seasonal dependent 
monitoring [4]. Photo degraded 
components, photo products, resistant 
components and intermediate products 
could be identified [5] after irradiation of 
an effluent organic matter sample and 
waste water treatment. 
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From Dilution Simulations to 13C NMR-
Derived Endmembers – and Beyond: 
Insights into Humic Substances 
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Molecular modeling offers a way 
to probe the conformational and 
aggregation-related organization 
of humic substances (HS), enabling 
controlled “virtual experiments” that 
complement laboratory observations. 
One test to examine the molecular 
organization of HS is to explore the 
response of HS systems to dilution, 
a process directly linked to aggregate 
stability in aqueous environments. In this 
work, molecular dynamics simulations 
based on models generated with the 
Vienna Soil Organic Matter Modeller 
were used to examine the stability and 
evolution of Leonardite humic acid 
aggregates across a broad range of 
water contents, spanning conditions 
from water-rich HS phases to dilute 
HS solutions, by varying molecular 
sizes, ionization states, and counter-ion 
types (Na⁺, Ca²⁺) [1]. The simulations 
tracked the gradual decomposition of 

HS aggregates upon dilution, quantified 
through changes in intermolecular 
contacts, hydrogen bonding, cluster size 
distributions, and interaction energies. 
The results suggest that dilution induces 
a stepwise disaggregation process 
lacking a cooperative character, in 
which large assemblies progressively 
dissociate, highlighting the sensitivity of 
HS organization to the ionic environment. 
These findings provide a mechanistic 
framework for interpreting experimental 
observations of HS size distributions and 
dialysis behavior.

These simulations also raise a 
fundamental question: what structural 
entities should be used as molecular 
inputs in such models? Earlier 
observations proposed that multiple 
HS can be represented as a mixture of 
a very limited number of independent 
components [2]. To address this on a 
quantitative basis and obtain uniquely 
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identified endmembers, we examined 
whether bulk compositional data 
could reveal recurring “endmember” 
motifs suitable for guiding molecular 
model representations. Using an HS 
dataset of the International Humic 
Substances Society, single- and multi-
block nonnegative multivariate curve 
resolution-alternating least squares 
(MCR-ALS) decompositions were 
performed to integrate ¹³C NMR spectra 
with elemental composition and acidic 
functional group contents data [3]. Multi-
block MCR-ALS analysis constrains the 
compositional space, contributing to 
the identification of unique, chemically 
meaningful components. Across 
diverse samples, two chemically 
distinct and nearly unique components 
representing an aromatic-rich and an 
aliphatic-rich motif, similarly hydrophilic 
in terms of contents of carboxylic and 
phenolic groups, consistently emerged, 
together explaining ~97–98% of the 
total variance while exhibiting minimal 
residual rotational ambiguity and 
pointing to the unique character of 
decomposition. Taken together, these 
results suggest a pathway in which 
data-driven compositional analysis 
informs molecular simulations. The MCR-
derived compositional endmembers 

offer chemically grounded ensemble 
descriptors that can serve as inputs for 
constructing more realistic molecular 
models. Bridging these approaches, 
we suggest a strategy in which 
experimentally derived endmembers 
guide the generation and testing of HS 
structures in silico, potentially improving 
the interpretability and predictive power 
of molecular modeling of HS and natural 
organic matter, in particular, helping to 
identify extreme behaviors within the 
compositional space defined by the data. 
Incorporating additional constraints into 
molecular models, such as the contents 
of carboxylic and phenolic groups or 
specific elemental ratios, may enable 
the development of even more realistic 
representations of the molecular HS 
ensembles. 
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Humins, Humic, and Fulvic Acids 
as Representative Fractions of Various 
Land-Use Soils 
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The subjects of the presented 
studies were humic acid and fulvic acid 
fractions, as well as humins obtained 
from soils of various types and uses. 
These included forest soils, fallow lands, 
and cultivated soils. The soil organic 
matter fractions from cultivated soils 
originated from various multi-year 
cultivation experiments in different parts 
of Europe. The starting materials, the 
soils, had different characteristics due to 
their different origins. Humic substances 
were extracted and subjected to 
various research methods. Apart from 
spectroscopic methods like NMR, EPR, 
ATR FTIR, and UV-Vis, standard chemical 
analyses like elemental composition 
and functional group titrations were 
performed. Principal Component 
Analysis (PCA) was performed to identify 
the factors that best differentiate the 
fractions under study.

The subjects of the presented 
studies were humic acid and fulvic acid 
fractions, as well as humins obtained 
from soils of various types and uses. 
These included forest soils, fallow lands, 
and cultivated soils. The cultivated 
soils‘ organic matter fractions came 

from a number of multi-year cultivation 
studies conducted around Europe. 
The starting materials, the soils, had 
different characteristics due to their 
different origins. After being extracted, 
humic substances were exposed to a 
variety of study techniques. Apart from 
spectroscopic methods like NMR, EPR, 
ATR FTIR, and UV-Vis, standard chemical 
analyses like elemental composition and 
functional group titrations were carried 
out. Principal Component Analysis (PCA) 
was performed to identify the factors 
that best differentiate the fractions under 
study.

Considering the results of various 
analyses, it is easy to see that the 
greatest influence on the structural 
characteristics of humic substances is 
the soil origin, not its use. For extracts 
from one area, radicals’ concentration 
could be 10x higher than from other 
areas, and ω (internal oxidation degree) 
for one group of samples could be 
negative while for others it is higher 
than 0. Only comparisons of results 
between samples from the same soils but 
with different uses were meaningful. Our 
results show that apart from the origin 
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effect, the most influential factor was 
organic fertilizing. Most humins, humic, 
and fulvic acids extracted from soils 
where manure and manure with legumes 
were used had smaller concentrations of 
radicals.

The physical and chemical 
characteristics of the soil and its organic 
components are influenced by organic 
fertilization and soil management, 
which are crucial in determining soil 

fertility. In contrast to the soil fertilized 
with NPK, the addition of manure had a 
substantial impact on the structure of 
SOM, increasing the quantity of aliphatic 
components. This change in composition 
implies that adding organic amendments 
can improve the soil‘s general health 
and nutrient retention. Therefore, using 
organic methods promotes sustainable 
agricultural systems in addition to 
increasing crop yields.
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Dissolved organic matter (DOM) 
is a key indicator of drinking water 
source quality and a principal precursor 
of disinfection by-products (DBPs), 
yet bulk parameters often provide 
limited insight into DOM reactivity, 
particularly for emerging nitrogenous 
DBPs (NDBPs). This study presents 
an integrated assessment of DOM 
occurrence, characteristics and DBP 
formation potential (DBPFP) in raw 
and treated waters across multiple UK 
drinking water sources (lowland and 
upland surface water, groundwater) 
and associated water treatment works. 
Source water dissolved organic carbon 
(DOC) concentrations ranged from 
0.30 – 9.35 mgL-1 C, with treated water 
DOC typically reduced by 2.9% - 80%, 
while dissolved organic nitrogen (DON) 
ranged from 16.4% – 22.0%, depending 
on the treatment processes employed. 
Excitation-emission (EEM) fluorescence 
spectroscopy coupled with fluorescence 
regional integration (FRI) was used to 

characterize DOM in water. The results 
showed variable distribution of humic-like 
(terrestrial and microbial) and protein-
like fractions among the different source 
water types. Treatment processes 
resulted in preferential removal of 
humic-like fluorescence, with reductions 
of 40% – 70% observed through 
conventional treatment processes, while 
protein-like components were more 
recalcitrant and, in some cases, relatively 
enriched following treatment. 

DBP formation potential 
experiments indicated trihalomethane 
formation potentials in the range of 
11.86 – 86.34 µg.mgC⁻¹, haloacetic acid 
formation potentials of 38.58–260 µg.
mgC⁻¹ as HAA9, haloacetonitriles 
formation potentials of 0.87–31.99 µg.
mgC⁻¹ and haloacetamides formation 
potentials of 0.78–5.74 µg.mgC⁻¹ with 
higher DBPFP consistently associated 
with raw waters containing humic‑rich 
DOM. Strong correlations were observed 
between humic‑like fluorescence 



IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

BOOK OF ABSTRACTS 

24

Analysis and Characterization� Monday, 24 August 2026 / Hall B+C

components and DBPFP (r ≈ 0.6–0.8), 
whereas correlations between NDBPFP 
and protein-like components were more 
variable among individual compounds. 
The combined use of occurrence 
data, fluorescence‑based DOM 
characterization, and DBPFP testing 
provided enhanced insight into DOM 
reactivity and DBP risk across treatment 
processes. These findings support 
the value of DOM fractionation as a 
complementary tool for understanding 
and managing DBP formation in drinking 
water production which will be essential 

for anticipating future DBP risks under 
climate‑driven changes in source water 
quality and increasing eutrophication 
pressure.
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All available standard (19) and 
reference (15) samples of the 
International Humic Substances 
Society (IHSS) have been characterized 
by electrospray ionization Fourier 
transform ion cyclotron resonance 
mass spectrometry (ESI-FTICR-MS). 
The sample collection includes 15 fulvic 
acids (FA), 15 humic acids (HA), and 
four samples of natural organic matter 
(NOM). Ten samples were isolated from 
the Suwannee River (Georgia, USA). Ten 
samples were isolated from Elliott Soil 
(Illinois, USA). Five samples were isolated 
from Pahokee Peat (Florida, USA). One 
sample was isolated from Gascoyne 
Leonardite (North Dakota, USA). Eight 
samples were isolated from five sites in 
Antarctica (1), New Zealand (1), Norway 
(3), and the USA (3). Altogether, 15 
samples were isolated from aquatic 
sources, and 19 samples were isolated 
from terrestrial sources. An FTICR-MS 
analysis of 33 of these IHSS samples was 
published recently [1].

Assuming that detected ions have 
charges of -1 or -2, mass lists of mass-

to-charge (m/z) ratio and peak intensity 
were analyzed using CHOFIT3 software 
[2,3] to obtain all valid molecular formulae 
containing 0-3 N and 0-2 S, with a 
maximum allowed fitting error of 0.2 
ppm. Possible formulae were ranked 
using several heuristic tools in CHOFIT3. 
The results that are presented here 
include only pairs of isotopologues (all C 
atoms are 12C in one formula and one of 
the C atoms is a 13C in the other formula). 
Furthermore, both formulae must have 
a heuristic rank of 1. Formulae meeting 
these criteria are referred to here as 
gold-standard formulae. Gold-standard 
formulae account for 9.6% of assigned 
formulae, and they account for 39.9% of 
assigned peak intensity. The majority of 
gold-standard formulae (85.5%) contain 
only C, H, and O (CHO formulae), with 
the remaining 14.5% also containing 
N and/or S (CHONS formulae). The 
average percentage of CHONS formulae 
is greater in samples from terrestrial 
sources (17.7%) than in samples from 
aquatic sources (10.5%).
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Collectively, the 34 IHSS samples 
contain 92126 gold-standard formulae. 
Some gold-standard formulae were 
found in multiple samples, so the entire 
data set can be reduced to 23168 
unique gold-standard formulae. The 
presentation will examine the distribution 
of the unique gold-standard formulae 
among the IHSS samples, including the 
comparability of FA samples isolated 
from the same source at different times, 
the comparability between standard 
and reference samples from the same 
source, and between FA and HA samples 
isolated simultaneously. It also addresses 
how frequently unique CHO and CHONS 
formulae occur across multiple IHSS 
samples (e.g., 2, 5, or 10 samples) and 
whether CHO and CHONS formulae 
show similar probabilities of appearing 
across multiple samples. These and other 
comparative questions will be addressed 
in the presentation.

In addition, general chemical 
differences among IHSS samples from 
aquatic and terrestrial sources will be 
discussed for four general subsets 
of molecular formulae: Reduced-
Unsaturated (O/C<=0.5, H/C<=1.0), 
Oxidized-Unsaturated (O/C>0.5, H/
C<=1.0), Oxidized-Saturated (O/C>0.5, 
H/C>1.0), and Reduced-Saturated (O/
C<=0.5, H/C>1.0).
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Quantifying the Contribution of Carbonyl 
Groups to the Optical and Photochemical 
Properties of Dissolved Organic Matter
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Carbonyl groups–particularly, 
aldehydes, ketones, and quinones–are 
well-known to play critical roles in the 
reactivity of humic substances (HS) and 
natural organic matter (NOM) in natural 
and engineered systems. Indeed, in early 
work by Leenheer et al., it was estimated 
based on 13C-NMR measurements that 
“about one ketone group per monocyclic 
aromatic ring” is present in both humic 
and fulvic acids. Carbonyl-containing 
compounds are particularly important 
for the absorbance, fluorescence, and 
photochemical properties of these 
materials. Quinones have received 
special attention given their reversible 
redox couple and importance as electron 
shuttles in biogeochemical systems. 
Prior reserach by McKnight and others 
[2) has suggested that fluorescence 
spectroscopy may be used to probe the 
redox state of NOM, which has been 
met with multiple conflicting reports 
[3,4]. The above example from carbonyl 
chemistry highlights a key unresolved 
challege in the field of HS and NOM 
photochemitry: we do not as of yet have 
a way to quantify the contribution of 
individual molecular species or even 
groups of related species to DOM 
optical spectra or photochemistry. In 

this presentation, I will demonstrate how 
we attribute over 50% of DOM visible 
absorbance to carbonyl-containing 
compounds using a combination of 
chemical and electrochemical reduction 
techniques. We further specify that 
quinones contribute, on average, 
<30% to the absorbance of HS and 
NOM. The methods involve the in 
parallel and in series use of sodium 
borohydride and direct electrochemical 
reduction, followed by measurement of 
absorbance and fluorescence spectra. 
Detailed electrochemical reduction 
studies illuminate the fact that only soil 
humic substances show quantitatively 
meaningful changes in fluorescence 
spectra during reduction, whereas 
aquatic HS and NOM do not. In addition, 
we use sodium borohydride reaction at 
different reaction times and doses to 
elucidate the impact of carbonyls to the 
photochemical production of singlet 
oxygen, hydroxyl radical, and triplet 
excited state NOM and HS. Overall, the 
results and conclusions drawn from 
them clarify the role of carbonyl groups 
in HS and NOM optical properties in 
photochemistry, which will be of great 
interest to the scientific and engineering 
community researching HS and NOM 
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in the natural environment and water 
treatment systems.
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Exploring Aromatic Cluster Models and 
Superstructures in Humic Substances 
via Advanced Solid-State NMR
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The characteristics of Zook soil humic 
acid (HA) and prairie grass char were 
investigated in detail using advanced 
solid-state nuclear magnetic resonance 
(NMR) techniques. These techniques 
included quantitative direct polarization/
magic angle spinning (DP/MAS), dipolar 
dephasing, 13C chemical shift filter, 
13C chemical shift filter with dipolar 
dephasing and short CP, C-H recoupled 
dipolar dephasing, and two-dimensional 
1H-13C heteronuclear correlation NMR 
(2D HETCOR) with spin diffusion, as 
well as 2D HETCOR with regular 40-
ms and recoupled long-range dipolar 
dephasing. Advanced spectral-editing 
techniques identified specific functional 
groups in Zook soil HA and suggested 
significant oxidized chars in this sample. 
Reasonable aromatic cluster models 
were proposed based on the data from 
recoupled long-range dipolar dephasing 

and the fraction of edge carbons, 
c_edge, in the aromatics. It is estimated 
that Zook soil HA and prairie grass char 
contain at least 6 and 18 aromatic rings, 
respectively. The superstructure showing 
how the small aromatic clusters in Zook 
soil HA are incorporated into the other 
humic components in the material was 
investigated using long CP combined 
with 1H spin diffusion. The results 
indicated that the superstructure of Zook 
soil HA is most likely to be isolated stacks 
of aromatic clusters embedded in the 
humic matrix.
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Introduction
Dissolved organic matter (DOM) 

in aquatic environments is a complex 
mixture spanning a wide range of 
molecular sizes, and its biodegradability 
and chemical reactivity are highly 
dependent on molecular size. Therefore, 
accurate characterization of DOM 
based on size-dependent properties 
is essential for understanding its 
biogeochemical functions. Several 
studies have reported that high-
molecular-weight (HMW) DOM in 
oceans contains biopolymers such as 
polysaccharides and proteins, whereas 
humic-like substances in the low- to 
intermediate-MW range may exist as 
assemblages of smaller molecules [1,2]. 
However, conventional size fractionation 
using ultrafiltration (UF), typically based 
on a binary classification (HMW/LMW), 
may not adequately represent the true 
size distribution of DOM, due to its 
limited resolution in the low-molecular-
weight (LMW) range, which can be 
complemented by nanofiltration (NF). 

In this study, we developed an 
approach to evaluate the relationship 
between DOM size and chemical 
properties, using water samples from 
Lake Biwa, the largest lake in Japan as the 
model for both marine and freshwater 
systems. This approach combines 
optimized membrane MW cut-offs with 
ultrafiltration and nanofiltration coupled 
with diafiltration (UF-NF-DF) to enhance 
the purity of size fractions. In addition, a 
permeation model was applied to correct 
fractionation biases and improve the 
estimation of DOM size distribution.

Materials and Methods
A cross-flow ultrafiltration system 

equipped with a flat-sheet membrane cell 
and a peristaltic pump was employed. 
Surface water samples (5 m depth) 
were collected from the northern basin 
of Lake Biwa, Japan, between 2022 
and 2023, filtered through a 0.1 µm 
membrane, and subjected to sequential 
size fractionation. DOM characterization 
was conducted using TOC analysis, 
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size-exclusion chromatography (SEC), 
UV–Vis absorbance, and fluorescence 
spectroscopy. Biodegradation 
experiments were also performed 
under dark conditions at 20°C following 
phosphate amendment, with time-course 
sampling for fractionation and chemical 
analyses.

Results and Discussion
SEC-TOC analysis revealed the 

presence of HMW components (>100 
kDa) in Lake Biwa DOM. Membranes 
with molecular weight cut-offs of 
≥10 kDa were used, and these HMW-
DOM could be effectively isolated by 
the ultrafiltration. In contrast, LMW 
components exhibited continuous 
distributions in SEC and were not 
completely removed even after repeated 
diafiltration, indicating the involvement of 
partitioning, diffusion, and adsorption–
desorption processes. To account for 
this behavior, the permeation model was 
applied to correct for permeating solutes 
retained in apparent fractions, resulting 
in a more accurate quantification of DOM 
size distribution.

Using this approach, the DOM in 
Lake Biwa was classified into at least 
three functionally distinct fractions: 
HMW, retained LMW, and permeating 

LMW. These fractions exhibited clear 
differences in chemical properties (e.g., 
SUVA, fluorescence characteristics, 
and C/N ratios) and biodegradability. 
The HMW fraction showed biopolymer-
like characteristics with relatively high 
biodegradability, and the two LMW 
fractions showed clear differences in 
chemical composition and reactivity. 
Notably, part of the LMW-DOM included 
nitrogen-containing compounds likely 
associated with microbial production 
and accumulation. These results 
demonstrate that the integrated UF-NF-
DF and permeation modeling approach 
provides a robust framework for 
resolving DOM size structure and linking 
it to biogeochemical properties in aquatic 
systems. 
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There is increasing interest in 
exploring more detailed molecular 
characterization of Natural Organic 
Matter (NOM) in water, as changes 
in NOM composition can affect 
water treatment performance and 
the formation of harmful disinfection 
by-products. High-resolution mass 
spectrometry is commonly being 
used for this purpose, with Orbitrap 
mass spectrometry becoming a 
more accessible alternative to Fourier 
transform ion cyclotron resonance 
mass spectrometry for NOM analysis. 
However, the high sensitivity of Orbitrap 
mass spectrometry means that 
equipment drift and technical variation 
between analytical runs can strongly 
influence the resulting data and make 
samples analyzed on different days 
difficult to compare directly. The aim of 
this study was to investigate the extent 
of this batch-related variation in non-
targeted NOM analysis and evaluate 
strategies to reduce it while preserving 
meaningful chemical differences. 

To investigate these effects, a multi-
run environmental NOM dataset was 
generated using a Thermo Fisher Q 
Exactive HF Orbitrap mass spectrometer. 

The dataset included five environmental 
water samples, three standards, and 
three pooled quality-control (QC) sample 
types distributed across five analytical 
runs arranged in two blocks separated 
by two weeks. Data was processed from 
Compound Discoverer (V3.4) outputs 
and analyzed using a range of correction 
strategies, including simple data-driven 
normalization methods, batch-correction 
approaches, and QC-based machine-
learning methods. Comparisons were 
made using principal component analysis 
(PCA), QC relative standard deviation, 
and feature-level tests to assess both 
batch effects reduction and preservation 
of real chemical differences. 

The results showed that different 
correction strategies had different 
strengths. Methods focused mainly 
on QC correction were effective at 
improving QC compactness, while 
broader technical-variation correction 
methods performed better when both 
batch reduction and preservation of 
meaningful sample structure were 
considered together. Across the tested 
workflows, Technical variation Elimination 
with ensemble learninG architecture 
(TIGER) best reduced batch effects while 
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preserving real chemical differences 
between sample groups. While 
Systematic Error Removal Using Random 
Forest (SERRF) was best at making the 
QC tightening, meaning it most strongly 
improved technical consistency across 
the run. The results also showed that 
preprocessing, formular-assignment 
and feature-definition choices had a 
substantial impact on the usable feature 
space and therefore on the robustness 

of the normalization comparison. Overall, 
this work shows that batch effects are a 
major issue in NOM characterization and 
that their treatment requires a balanced 
correction strategy rather than reliance 
on QC precision alone.
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Compositional data (CoDa) are 
ubiquitous in environmental research. 
They describe parts of a whole, including 
percentages, proportions, and relative 
or absolute abundances. Such data 
consist of positive values, where the 
essential information is contained in the 
ratios among components. Conventional 
statistical methods developed for real 
random variables often produce spurious 
results when applied to CoDa and are 
therefore inappropriate. This stems 
from the unique geometric property 
of CoDa, namely, their sample space is 
confined to a simplex rather than the 
real Euclidean space (e.g., CoDa with 
three parts can be represented inside 
a triangle) [1,2]. Notably, the simplex 
has one fewer dimension than the 
number of components. CoDa analysis 
has gained broad recognition across 
disciplines, from geosciences to social 
sciences, and has seen a recent rapid 
increase in use in microbial genomics. 

In contrast, its application in natural 
organic matter (NOM) research remains 
limited, even though data generated 
by major analytical techniques—such 
as mass spectrometry, fluorescence 
spectroscopy, and nuclear magnetic 
resonance spectroscopy—are inherently 
compositional [3]. Appropriate handling 
of CoDa is necessary for valid statistical 
inference when investigating factors 
affecting NOM dynamics. Given the 
structural similarity between NOM 
and high-throughput sequencing data, 
for which CoDa analysis has been 
successfully adopted, we argue that 
CoDa analysis should also be consistently 
integrated into NOM research to prevent 
analytical pitfalls and misleading 
inferences. A few pioneering studies 
have applied CoDa analysis to NOM data, 
and a wide array of useful open-source 
tools are already available.

In this talk, we will walk through the 
application of CoDa analysis to NOM 
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research, using ultrahigh-resolution 
mass spectrometry data of lacustrine 
dissolved organic matter as an illustrative 
example. The aim is to provide an 
accessible overview of CoDa concepts 
and offer practical guidance on their 
implementation for the NOM research 
community. 
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Rapid and reliable assessment 
of compost maturity is essential for 
ensuring compost quality and safe 
agricultural use. Conventional maturity 
indicators, such as the germination 
index (GI) and C/N ratio, are often time-
consuming, labor-intensive, and sensitive 
to analytical conditions, limiting their 
applicability for routine monitoring [1]. 
Fluorescence spectroscopy has been 
widely investigated as a rapid tool for 
compost maturity assessment. However, 
quantitative interpretation remains 
challenging because compost comprises 
complex mixtures of organic compounds 
with substantial spectral overlap [2]. 
Although multivariate approaches such 
as principal component analysis (PCA) 
and parallel factor analysis (PARAFAC) 
have been applied to address this issue, 
their performance can be affected by 
variations in composting conditions, 
feedstock characteristics, and 
experimental environments [3].

In this study, we developed a 
fluorescence-based machine learning 
approach for predicting compost 
maturity from three-dimensional 

excitation-emission matrix (3D-EEM) 
data. A total of 325 EEM-GI datasets 
were compiled from 33 published 
studies covering multiple maturity 
stages of livestock-manure composting. 
To improve comparability among 
literature-derived datasets, all EEM 
images were subjected to a standardized 
preprocessing workflow, including 
resizing, denoising, normalization to a 
0-1 range, and conversion into numerical 
matrices for model input. An Extremely 
Randomized Trees (Extra Tree, ET) model 
was constructed using GI as the target 
variable, and model performance was 
evaluated using a hold-out validation 
strategy with training, validation, and test 
sets.

The ET model showed strong 
predictive performance for GI estimation, 
with a coefficient of determination of 
R2 = 0.828 on the test set. Furthermore, 
occlusion heatmap analysis was 
performed to identify excitation-
emission regions that contributed most 
strongly to GI prediction, providing 
interpretable insights into fluorescence 
features associated with compost 
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maturity. Overall, the proposed ET-based 
fluorescence framework offers a rapid, 
operator-independent, and sensor-
compatible strategy for on-site compost 
maturity assessment.
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The authors are developing a non-
destructive and non-extractive soil 
organic matter (SOM) analysis method 
by measuring solid-phase fluorescence 
excitation-emission matrix (SPF-
EEM) spectra [1-3]. In this study, clay 
mineral-organic matter complexes were 
prepared and their SPF-EEM spectra 
were measured in order to examine 
how organic matter adsorption on clay 
minerals affects EEM patterns.

Three types of clay mineral, 
montmorillonite, kaolinite, and muscovite 
plate, were employed. BSA and amino 
acids were used as organic substances 
to be adsorbed. The clay mineral 
powder and organic substances were 
dispersed and dissolved in ultrapure 
water, adjusted to pH2.5, shaken for 72 
hours, centrifuged, washed, and the 
precipitate was freeze-dried to obtain 

a clay mineral-organic matter complex 
[2,3]. A blank sample was obtained by 
the same treatment in a system in which 
organic substances are not dissolved. 
The amount of organic substances 
adsorbed on the clay was calculated by 
comparing total organic carbon (TOC) 
concentration of the supernatant at the 
time of centrifugation and the original 
TOC concentration before shaking. The 
muscovite was immersed in the organic 
aqueous solution adjusted to pH2.5 for 
24 hours immediately after cleavage 
of both surfaces to obtain a complex. 
The surface structure was observed by 
atomic force microscopy (AFM). SPF-
EEM spectra were measured by NanoLog 
(HORIBA) [1-3].

In comparison with the blank sample, 
the montmorillonite-BSA complex 
showed a fluorescence maximum at Ex./
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Em. = 290/310 nm, and the intensity 
of fluorescence maximum at Ex./Em. = 
495/575nm, which was also observed 
in the blank sample, increased. This 
increase was also observed when the 
complex was formed with other organic 
substances even without fluorescent 
structure. Fluorescence maxima close 
to this Ex./Em. wavelength were also 
typically seen in SPF-EEM spectra of 
soils [1,2]. On the other hand, in the case 
of the complex of kaolinite or muscovite 
with an organic substance, the increase 
in the fluorescence maximum intensity 
that was originally observed in the blank 
sample was not significant. Even organic 
substances that originally do not have 
a fluorescent structure can emit new 
fluorescence when they are concentrated 
or when they form aggregates, which 
is called clustering-triggered emission 
(CTE) [4]. The fluorescence maximum 
at Ex./Em. = 495/575nm observed in 
this study may be caused by the specific 
arrangement of functional groups in the 

structure of clay minerals regardless of 
the type of organic matter. 
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Biochar has been widely used as 
a soil amendment, with the potential 
to improve physical, chemical, and 
biological soil properties, including 
increased cation exchange capacity 
(CEC), pH elevation, enhanced water 
retention, and stimulation of microbial 
activity. It has also been studied as a 
promising material for the remediation of 
contaminated soils and water [1].

However, these effects are highly 
variable and strongly dependent on 
the biochar‘s intrinsic properties, which 
are primarily governed by feedstock 
composition, pyrolysis conditions, and 
ageing in the soil.

Among these properties, pore 
size distribution is one of the most 
important – and most challenging – to 
determine [2]. While ¹H Nuclear Magnetic 
Resonance (NMR) relaxometry has been 
used to characterise soil porosity, it 
often presents an „ill-posed problem.“ 
Traditional spin-lattice and spin-spin 
relaxometry results are confounded by 
two correlated unknowns: pore length 
scales and surface relaxivity.

To overcome this, we propose a 
method that directly accesses NMR 
diffusion eigenmodes [3]. This approach 
is governed solely by pore geometry, 
making it entirely independent of 
unknown surface relaxivity. Our 
refined low-field NMR method is 
fast (results in under 90 minutes), 
precise (unprecedented resolution 
and accuracy), and comprehensive 
(simultaneously determining pore size 
distribution, the water retention curve, 
and hydraulic conductivity).

As a further refinement of our 
previously published method, we 
introduce a T₁ filter that enables the 
detection of smaller pores, improving the 
sensitivity of the technique by more than 
one order of magnitude.

Concomitantly with the determination 
of these key hydro-physical properties, 
the method also allows for the 
assessment of paramagnetic ion sorption 
capacity. Mn²⁺ was used as a probe and 
as a practical application example.

Results obtained by low-field 
NMR were validated against a 
conventional reference method (water 
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retention by centrifugation), showing 
excellent agreement whilst delivering 
unprecedented resolution and accuracy 
in under two hours. With regard to 
sorption capacity, results are obtained 
within minutes – with the actual 
measurement taking only seconds 
– making this an excellent screening 
method for samples with potential for 
cation sorption. 
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Commercial products marketed as 
fulvic acids are increasingly derived 
from non-humic materials, creating a 
need for a rapid and practical method to 
distinguish authentic fulvic fractions from 
adulterated products. In this study, a UV 
spectrophotometric screening approach 
was developed using ten indices that 
capture characteristic features of the 
spectra of hydrophobic fulvic acids. 
Fulvic fractions were diluted to 5 ppm 
carbon, UV spectra were collected, 
normalized, and used to calculate ten 
spectral indices. For each sample, index 
values were compared with those of 
IHSS Suwannee River fulvic acid and 
IHSS Pahokee Peat fulvic acid reference 
standards, and an equally weighted 
average percent error was calculated. A 
70% cutoff for this average percent error 
was applied as a screening threshold to 
classify samples as fulvic or non-fulvic.

 Fifty-four test samples were 
evaluated, including commercial 
products, known fulvic fractions, and 

non-humified materials. Fourteen 
of twenty-five commercial products 
were identified as containing fulvic 
fractions, while all known fulvic isolates 
and non-humified test samples were 
correctly differentiated. Within the 
ranges tested, neither increased metal 
ion concentration nor variation in total 
organic carbon concentration from 
1 to 10 ppm affected classification 
performance.[1] The method was 
further tested against fulvic fractions 
containing various common agricultural 
micronutrients and fertilizers in 
currently unpublished data. The 
method investigated could be a suitable 
screening tool for most commercial 
products and is capable of accurately 
distinguishing products that contain 
fulvic fractions. The method accurately 
found all 11 fulvic fractions isolated 
from known humic substances as fulvic, 
and all 11 test samples prepared from 
non-humified materials as non-fulvic. 
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SL16

High‑Frequency Monitoring of Dissolved Organic 
Matter in the Seine River (France) Using the 
Fluocopée® In Situ Fluorescence Probe

Antoine Raoult1, Angélique Goffin1, Jérémy Mougin2, Rania Krimou2, 
Vivien Raymond4, Sabrina Guerin-Rechdaoui2, Vincent Rocher2, Sylvie Thibert3, 
Gilles Varrault1

	 1	 LEESU, Univ Paris Est Creteil, ENPC, Institut Polytechnique de Paris, Créteil, France, 
+33682422804, antoine.raoult@u-pec.fr

	 2	 Greater Paris Sanitation Authority (SIAAP), Innovation Department, 82 Av. Kléber, 92700 
Colombes, France

	 3	 Syndicat des Eaux d’Île de France (SEDIF), 14 rue Saint-Benoît, 75006 Paris, France
	 4	 Veolia Franciliane, 28 Boulevard de Pesaro, 92000 Nanterre, France

Over the past two decades, there 
has been a notable advancement in 
the development of high-frequency 
measurement equipment for the 
monitoring of biophysical and chemical 
parameters in surface water. Optical 
probes, especially fluorescence 
probes, are of particular importance 
in the integration of high-frequency 
measurements into environmental 
monitoring (1,2). The Fluocopée® probe, 
developed through a collaboration 
between LEESU and SIAAP (patented), 
is one example of such new in situ 
measurement instruments. It offers 
a relatively fine characterization of 
Dissolved Organic Matter (DOM) by 
monitoring 29 𝜆𝑒𝑥 / 𝑒𝑚 pairs. It is sensitive 
enough to be used in continuous river 
monitoring (3).

Since October 2023, up to five 
Fluocopée® probes have been deployed 
on the Seine River and its main tributaries 
(Marne and Oise) to form the MeSeine-
MatOS in situ observatory. This 

observatory enables the assessment of 
spatial variability of DOM in the Seine 
River across the Paris conurbation at 
high temporal frequency and elucidates 
biogeochemical dynamics under urban 
pressures. This conference will present 
key conclusions from fluorescence 
time series acquired to date within the 
MeSeine-MatOS observatory.

In 2024, the Seine River basin 
experienced unusual hydrological 
conditions. It saw a succession of 
relatively intense flood episodes 
throughout the winter period, followed by 
unusually high flows during the summer. 
Under these conditions, high-frequency 
fluorescence data revealed chemically 
diverse DOM fractions in the Seine River, 
likely originating from distinct sources.

Some of the 𝜆𝑒𝑥 / 𝑒𝑚 pairs monitored by 
the Fluocopée® probe have thus revealed 
the dynamics of natural DOM inputs 
transported by the Seine during flood 
events. By applying a predictive model 
providing high-frequency estimates of 



BOOK OF ABSTRACTS 

45IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Monday, 24 August 2026 / Hall B+C � Analysis and Characterization

DOC concentration from fluorescence 
data, Fluocopée® time series improved 
the estimation of annual DOC fluxes 
for the 2023–2024 hydrological year 
compared to traditional discrete 
sampling.

During 2024, increased Seine flow 
rate was partly driven by intense rainfall 
events. These precipitation events 
led to the discharge of untreated 
wastewater into the river via combined 
sewer overflows (CSO). By comparing 
fluorescence time series from MeSeine-
MatOS probes located upstream and 
downstream of Paris conurbation, 
distinct fluorescence peaks were 
attributed to inputs of fresh and labile 
DOM. These peaks are specifically 
observed in 𝜆𝑒𝑥 / 𝑒𝑚 pairs associated with 
protein-like DOM and display rapid 
dynamics (on an hourly timescale). 
Continuous, high-frequency monitoring 
was therefore essential to detect 

them, highlighting the value of such 
approaches for real-time river water 
quality assessment.
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SL17

Dissecting the Optical Properties of Humic Substances:  
from Fundamental Photophysics 
to the AI-driven Insights

Evgeny Shirshin1, Boris Yakimov1, Anna Rubekina1, Ioanna Gorbunova1, 
Irina Perminova2

	 1	 M.V. Lomonosov Moscow State University, Department of Physics, 119991, Moscow, 
Russia, eshirshin@gmail.com

	 2	 M.V. Lomonosov Moscow State University, Department of Chemistry, 119991, Moscow, 
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Despite optical spectroscopy being 
a classical tool for the assessment of 
HS and DOM compositional variations 
and transfer, the origin of their optical 
properties remains debatable. The 
question of whether the optical spectra 
of HS are the result of superposition of 
spectra from individual chromophores 
or some universal physical mechanisms, 
which lead to striking similarity of 
spectral band shapes, exist, is the key to 
HS optics. 

Since the 2004 paper of Del Vecchio 
and Blough, several groups aimed at 
elucidating the role of charge transfer 
interactions in the formation of HS 
optical properties and identifying 
candidate molecules for HS fluorophores. 
Our group, with its background in 
fundamental photophysics and laser 
spectroscopy, also joined this exciting 
research area, which was supported 
by the Young Investigators Research 
Grant from IHSS. In scope of this work, 
two main conclusions were made: (1) 
ultrafast (~1 ps) decay component 
is present within all HS and DOM 
samples, being a universal signature of 

photophysical processes and excitation 
energy redistribution within a mixture of 
fluorophores, and (2) oxidation of simple 
aromatic molecules yield heterogenous 
systems of fluorophores with optical 
properties similar to that of HS, including 
ultrafast decay and spectral diffusion. 
During further research, we observed 
that HS-like processes are observed 
within a broad class of living systems, 
cells and tissues, are responsible for 
their NIR autofluorescence and can 
be successfully used for biomedical 
diagnostics. However, structural 
identification of the corresponding 
fluorophores was almost impossible 
because of their heterogeneity and low 
concentration, requiring completely 
novel approaches for shifting the 
understanding of optical properties to 
the next level.

For this, we developed and verified 
the AI-based model, which predicts 
optical properties of molecules based 
on its structure, based on the open 
access datasets of >104 fluorophores. 
Next, using the generative AI models we 
simulated reactions in model systems in 
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the presence of oxidation, which yield 
heterogenous mixtures of fluorophores, 
calculated their optical properties 
and demonstrated the mechanisms 
responsible for the emergence of HS-like 
optics in Nature, including both non-
living and living systems. In this report, 

we will discuss the interlink between 
fundamental photophysical mechanisms 
and structural diversity of fluorophores, 
which altogether are responsible 
for universal behavior of HS optical 
properties.
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SL18

Control of Biopolymers for Chlorine-free Tap Water 
With High-Resolution Liquid Chromatography – 
Organic Carbon Detection (LC-OCD)

Stefan Alexander Huber

		  DOC-LABOR GmbH, 76229 Karlsruhe, Germany, doc@doc-labor.de

A “biologic stable water” that does not 
promote bacterial regrowth in the water 
net is a pre-requisite – if not “the” pre-
requisite – for the supply of chlorine-free 
tap water to households.

This precludes that the mass of 
bioavailable organic matter in the 
treated water is below certain threshold 
values. For example, a recent survey has 
suggested that the maximum allowable 
value for biopolymers in biologic stable 
drinking waters should not exceed a 
value of 47 ppb biopolymers (as mass) 
[1].

Achieving such a low value 
for a surface water as raw water 
source (ground waters are devoid of 

biopolymers) is a challenge and certainly 
a matter of pride for the designers of the 
plant.

The analysis and the control of the 
“biopolymer value” is another challenge. 
A recent publication compared two 
off-line methods for biopolymer analysis 
[2], one preparative approach based on 
isolation of biopolymers by membrane 
cascades followed by DOC-analysis of 
the extracts in a TOC-analyzer (PHMOC) 
and another analytical approach based 
on chromatographic separation of 
biopolymers followed by continuous 
DOC-detection (LC-OCD) [3]. Both 
approaches showed a good correlation 
but results for LC-OCD were consistently 
lower by about 10-20 %.

As manufacturer of LC-OCDs we 
know that the reason is insufficient 
separation of biopolymers from humics. 
Humics cut into the right slope of the 
biopolymer signal and this leads to a 
lower value for the biopolymer peak area.

To overcome this problem, we have 
developed a new size-exclusion column 
which allows a better resolution of the 
biopolymer peak. With this new column 
data for PHMOC and LC-OCD should be 
in better agreement.

Fig. 1: LC-OCD chromatogram of a surface water 

(River Pfinz, Karlsruhe) with new column
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SL19

Which Disinfectant Generated Drinking Water DBP 
Mixture with the Least Developmental Toxicity?

Jiarui Han1,2, Yu Li3, Xiangru Zhang1,*, William A. Mitch4
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Chlorine disinfection of drinking water, 
while pivotal in preventing waterborne 
diseases, produces disinfection 
byproducts (DBPs) that are associated 
with cancers and developmental 
disorders [1,2]. Alternative disinfection 
strategies that can reduce the formation 
of regulated trihalomethanes and 
haloacetic acids are increasingly utilized 
in drinking water treatment with the 
aim to mitigate DBP-associated risks 
[3]. Given the continuous discovery of 
highly toxic DBPs and the recognition 
that regulated species contribute little 
to the overall toxicity of disinfected 
water [4,5], there is an urgent need 
to reassess and optimize disinfection 
strategies. In this work, we systematically 
evaluated the developmental toxicity 
from chlorination and prevalent 
alternative strategies (chlorine, chlorine 
dioxide, or ozone with subsequent 
chloramination), which were carefully 
calibrated to achieve the disinfection 
goal with equivalent disinfection 
efficiency and detectable residuals. 
Our results revealed that chlorine 
or chlorine dioxide with subsequent 

chloramination consistently resulted in 
25–35% lower developmental toxicity 
than chlorination alone, despite the 
increased formation of iodinated DBPs. 
However, while ozonation produced 
the drinking water with the lowest 
developmental toxicity for low-bromide/
iodide source water, it resulted in the 
highest developmental toxicity for source 
waters with elevated bromide/iodide 
content, which was up to twice as potent 
as that from chlorination. In addition, 
we found that enhanced bromide/
iodide content consistently increased 
the developmental toxicity across all 
disinfection strategies. We further 
demonstrated that by incorporating 
the synergistic contributions of organic 
and inorganic DBPs, the model based 
on their concentrations can well predict 
the developmental toxicity across 
disinfection strategies and source 
waters. Our work aids to answer the long-
lasting question on which disinfection 
strategy can balance microbial safety 
with chemical risks, supporting the 
development of more sustainable water 
treatment practices. 
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SL20

A Fluorescence Spectroscopy-Based Method 
for the Validation and Quantification of Fulvic 
Acids from Peat, Coal and Aquatic Sources and 
Claimed Fulvic Acid-Containing Products

Richard T. Lamar1, Aletia James1, Adam Gilmore2 
	 1	 Huma, Inc., Gilbert, AZ, USA 85233, rich@huma.us
	 2	 Horiba, Inc., Piscataway, NJ USA

Fulvic acids (FA) are defined as the 
fraction of humic substances (HS) that 
are soluble in both alkaline and acidic 
aqueous solutions. They are found in 
soils, composts, sapropels, shilajits, 
peats and humate ores including brown 
coals, oxidized lignites (aka Leonardites) 
and oxidized sub bituminous coals. 
They are also included as constituents 
in many agricultural and nutraceutical 
products. Currently, FA are quantified 
using ISO Method 19822 “Fertilizers 
and soil conditioners — Determination 
of humic and hydrophobic fulvic acids 
concentrations in fertilizer materials” [1]. 
As the title indicates, this method only 
quantifies the “hydrophobic FA” fraction 
which is defined as that fraction which 
binds to a DAX-8 resin. However, the full 
FA fraction (FF) is what exists in source 
materials and products that are produced 
and sold. In addition, the manufacturer 
of the DAX-8 resin, Supelco, has 
discontinued offering the resin, 
rendering the method obsolete. Further, 
adulterants including lignosulfonates, 
molasses, corn steep liquors and organic 
acids are often sold as FA. A humate 
source validation method based on 

UV spectroscopy, has recently been 
published, but it does not quantify the FF 
[2]. In this report, we have investigated 
the development of a sequential 
combination validation to quantification 
method. The method first validates a FF 
as coming from a humic-based source 
and, then once confirmed applies a 
regression model to quantitate the FF. 
The method is based on the Aqualog 
(Horiba) spectrometer technology called 
A-TEEM (i.e absorbance-transmittance 
excitation emission matrix), which 
collects UV and fluorescent spectra 
simultaneously, and chemometric 
discrimination analysis for validation and 
regression analyses for quantification. 

The method was developed by 
obtaining verified FF samples from a 
wide variety of sources including humate 
ores (i.e. oxidized lignites) and sub 
bituminous coals, peats, and shilajits 
from different geographical locations; 
aquatic and soil FA IHSS standards 
and an IHSS aquatic FF standard; and 
a number of different agricultural and 
nutraceutical products claiming to either 
contain FA or consist of pure FA. Fulvic 
fractions were extracted from solid 
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sources and solid and liquid products 
following the procedure outlined in ISO 
Method 19822, omitting separation of 
the hydrophobic fraction. The volume 
of the FF was reduced to 15-20 ml by 
rotary evaporation, and the concentrated 
FF was freeze dried to a powder. After 
determining the ash contents, solutions 
of known FF concentration were 
prepared with pH adjusted to pH 3 for 
each sample. These solutions were then 
used to prepare stock solutions with 
optical density of 1±0.05 at 240 nm. 
Integration times were adjusted to obtain 
a fluorescence intensity of 20,000 ± 500 
raw signal counts for the CCD detector. 
In addition, EEMs were collected from 
several samples of verified adulterants 
including lignosulfonates, corn steep 
liquor and molasses, using identical 
procedures and parameters. Once 
EEMs were collected, the emission step 
size was adjusted to 5 nm, after which 
the data were corrected for inner filter 
effects and Rayleigh scattering. Finally, 
the data were normalized using the built-
in Raman Scattering Unit adjust feature, 
based on the integration time and CCD 
settings used to collect individual EEMs.

Using the Eigenvector Solo 
(Eigenvector Inc., USA) toolbox, the 
normalized EEM data from the FF and 
adulterant samples were first subjected 
to discrimination for Pass/Fail analysis 
for the calibration data (n=92 Pass and 
n=15 Fail) and validation data (n=106 
Pass and n=10 Fail) analyses. No sample 
replicates were shared between the 
calibration and validation data. The 
Support Vector Machine Discrimination 

Analysis preprocessing included a Full 
Rank extended mixture model and mean 
centering with Partial Least Squares 
spectral compression using 2 Latent 
variables. The resulting confusion tables 
yielded 100% accuracy (Matthew’s 
Correlation =1) for calibration and 
prediction for both the Most Probable 
and Strict (threshold=0.5 prediction 
probability) evaluation modes. Very 
similar results were achieved with 
Partial Least Squared and Artificial 
Neural Network algorithms. Samples 
with verified Passing scores were 
then evaluated with respect to FF 
concentration by linear regression using 
the Local Weighted Regression (LWR) 
algorithm based on 20 similar points. The 
calibration and validation data included 
n=147 and n=31 files and no sample 
replicates were shared between the 
two sets. Here preprocessing included 
autoscaling of the x- and y-data and a 
General Least Squares Weighting alpha 
value of 0.02; additionally, the x-block 
data was compressed using 7 latent 
variables and 4 principal components for 
the LWR. The RMSEC and RMSEP were 
reported over a range of 0 to >560 mg/L 
as 0.32 and 0.16 mg/L, respectively. The 
R2 for calibration and validation were 
both >0.9999. Hence the full range LOD 
and LOQ for the prediction data were 
estimated to be 0.528 and 1.62 mg/L for 
FF. 

Thus, we conclude that the proposed 
discrimination-regression method can 
be used to both accurately authenticate 
FF samples and quantify the combined 
hydrophobic and hydrophilic (FF) 
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concentration. We aim to propose further 
development including an extensive 
inter-laboratory study based on this 
method to establish a new consensus 
standard to replace the obsolete ISO 
method that is itself limited to only the 
hydrophobic FA fraction. 
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SL21

Toxic Effects from Emerging Disinfection By-Products

Elin Lavonen1, Sofija Djukanovic1

	 1	 Aalto University, Dept. of Built Environment, Water and Wastewater Engineering, FI-00076 
Aalto, Finland

Natural organic matter (NOM) act as 
precursors for halogenated disinfection 
by-products (DBPs) during drinking 
water chlorination and chloramination. 
Due to the complexity of NOM, hundreds 
of different organic DBPs may be formed 
[1] but regulation only includes two 
groups – trihalomethanes (THMs) and 
haloacetic acids (HAAs) [2]. Lately, it 
has been shown that regulated DBPs 
are not the ones that drive the toxicity 
of DBP mixtures, nor can they be used 
as surrogates for the more toxic ones 
[3]. Therefore, studies focusing on toxic 
effects from the whole complex mixtures 
of DBPs are needed. To protect human 
health, it is important to identify the 
most problematic DBPs, and the NOM 
components that act as precursors to 
optimize removal prior to disinfection.

In this study, samples were taken from 
three Finnish drinking water treatment 
plants (WTP A, B and C) prior to their 
full scale chloramination and subjected 
to laboratory scale chlorination and 
chloramination using two doses; normal 
dose, representing what is currently 
applied at the studied treatment plants 
(0.2 mg Cl2/mg dissolved organic 
carbon (DOC)), and high dose (twice 
the normal dose, 0.4 mg Cl2/mg DOC). 
Samples were also taken after full-scale 
chloramination prior to the distribution 

to study potential differences between 
lab scale and full scale disinfection 
practices. At WTP C, samples were 
collected also from raw water and after 
various treatment steps (coagulation + 
sand filtration, ozonation, GAC filtration 
+ UV disinfection) to investigate changes 
in DBP precursors through selective 
removal of NOM during treatment and 
effects on the DBP formation. In vitro 
effect-based methods was used to 
measure two DBP-induced toxic effects; 
oxidative stress (Nrf2 activity) and 
genotoxicity (micronucleus assay).

No toxic effects were detected 
in samples prior to lab och full scale 
disinfection and therefore all measured 
toxicity after disinfection could be 
attributed to the formation of DBPs. 
During full and lab scale chloramination 
of drinking water there was no formation 
of DBPs causing oxidative stress or 
genotoxicity showing good agreement 
between the lab experiment and full 
scale practices. At WTPs A and B, 
oxidative stress was induced both after 
normal and high dose chlorination of 
drinking water while no genotoxicity was 
detected. No toxicity was induced from 
chloramination. At WTP C, chlorination 
and chloramination of raw water 
caused genotoxicity for both doses and 
oxidative stress in all except normal dose 
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monochloramine. Formation of DBPs 
causing oxidative stess still occured 
after coagulation treatment when 
dosing monochloramine, however not 
in samples after chlorination indicating 
selective removal of precursors that can 
form oxidative stress-inducing DBPs 
with hypochlorite during the coagulation 
treatment. Genotoxicity could be 
detected in all samples subjected to 
normal dose hypochlorite at WTP C, 
from raw water to drinking water, while 
none could be detected for the high 
dose or during chloramination. An 
explaination to the pronounced higher 
toxicity using normal dose chlorine could 
be that a high chlorine residual drives the 
formation of DBPs towards Cl-containing 
compounds while a relatively higher 
proportion of the, generally considered, 
more toxic bromine or iodine-containing 
DBPs can be formed using the lower 
hypochlorite dose [4]. This may be 
further accentuated due to selective 
removal of dissolved organic carbon 
(DOC) over Br and I during treatment 
leading to higher Br/DOC and I/DOC 

rations as the raw water is gradually 
treated into drinking water. The amount 
and composition of DBP precursors 
(NOM) and formed DBPs were analyzed 
with bulk parameters such as DOC, UV 
absorbance and concentrations of THMs 
and HAAs and on a molecular level 
using ultra-high resolution electrospray 
ionization Fourier transform ion cyclotron 
resonance mass spectrometry (ESI-FT-
ICR-MS). This will give further insights on 
which DBPs that are causing oxidative 
stress and genotoxicity and which DOM 
components that should be targeted 
during treatment to aviod the formation 
of toxic DBPs.
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SL22

Characterizing Organic Matter through Functional-
Group-Based Approach: Quantification of Nitro 
Compounds Formed during Ozonation

Valentin Rougé1,2, Nguyen Cong-Hau2, Pham Thi Thai Ha Nguyen2, Hyunjin Kim2, 
Taekeun Son2 and Yunho Lee2
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	 2	 Department of Environment and Energy Engineering, Gwangju Institute of Science and 
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Water treatment with chemical 
oxidants is essential for disinfection 
and degradation of anthropogenic 
compounds. Yet, most of the oxidant 
reacts with the naturally occurring 
dissolved organic matter (DOM), forming 
potentially toxic products, typically 
addressed as disinfection by-products 
[1]. Despite decades of research on 
disinfection by-products, the oxidative 
transformation of DOM remains poorly 
understood due to analytical limitations. 
The fate of nitrogenous DOM is of 
particular concern, as known nitrogenous 
disinfection by-products are generally 
more toxic than other classes [2]. 
Monitoring specific disinfection by-
products provides a limited approach 
due to the complexity of the molecular 
structures that are responsible for the 
DOM-induced toxicity [3]. Instead, 
quantifying the bulk of specific functional 
groups within DOM offers a more 
comprehensive approach. 

Here, we present a functional-group-
based method to quantify oxidative 
modifications of nitrogenous DOM. 
We developed two photolysis-based 

approaches to quantify nitro compounds: 
(i) batch photolysis coupled with 
colorimetry for total nitro compounds, 
and (ii) liquid chromatography with 
post-column photolysis for individual 
compounds. Both methods use 
photolytic nitrite formation as a proxy 
for nitro compounds, with average 
molar nitrite yields of 68±17% for 
aliphatic compounds and 11±11% 
for aromatic compounds, enabling 
selective determination of aliphatic 
nitro compounds. Proof-of-concept 
ozonation experiment with model amines 
and amino acids demonstrated the 
applicability of the methods, providing 
new insights into γ-aminobutyric acid 
ozonation. When applying this method 
to DOM extracts and wastewaters, 
formation of nitro compounds during 
ozonation could be monitored. When 
combined with solid-phase extraction, 
aliphatic nitro compounds could be 
quantified down to a few nM in complex 
matrices. By combining the quantification 
of nitro and amine quantification, we 
could estimate for the first time that over 
20% of amine-containing DOM moieties 
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were oxidized to nitro compounds. This 
approach bridges mechanistic insights 
from model compounds to complex 
DOM and is part of a novel framework 
to improve how DOM transformations 
during water treatment are evaluated. 
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To reduce atmospheric carbon 
(CO2) level, the presented study aims 
to understand the biological processes 
that capture CO2 by calcium carbonate 
precipitation (CaCO3). Two biological 
mechanisms precipitating carbonates 
occur naturally [1]: (i) an active 
mechanism, where bacteria precipitate 
carbonates thanks to their metabolism 
and (ii) a passive mechanism, where 
microorganisms change the chemical 
environment by increasing the pH and/
or producing exopolymers, sequentially 
inducing precipitation. In the presented 
study, the precipitation induced by 
anoxygenic phototrophic sulfur bacteria 
(APSB) was studied, pure cultures of 
Allochromatium Vinosum as a model 
microorganism.

To understand this biologically 
induced precipitation, we attempted to 
reproduce the chemical environment in 
a lab-controlled reactor which allowed to 
characterize the nature of precipitated 
minerals, quantify their yield and rates 
of formation to deduce their carbon 
capturing capacities. These experiments 
were conducted in small batch and semi-

continuous bioreactors, containing A. 
Vinosum with its inorganic growth media 
(vitamins, trace elements, inorganic 
energy source, sodium carbonates and 
chloride calcium). The growth media was 
a strictly inorganic substrate to prevent 
heterotrophy. To optimize carbonate 
precipitation and pinpoint its driving 
variables, some parameters such as the 
concentration of bacteria, elements from 
the growth media (Sulfate, phosphate, 
Magnesium) and the incubation 
time were modified. The chemical 
environment was then monitored (pH, 
COD, inorganic carbon, ions…) and 
precipitates were collected subsequently 
to filtration, weighted and analyzed (XRD, 
SEM).

The incubation variation time 
displayed two different precipitation 
phases: rapid, reaching chemical 
equilibria within one hour, and slow, 
reaching equilibria within 15 days. 

We hypothesize the rapid kinetics was 
chemically driven and the slow kinetics 
depended on A. Vinosum growth cycle. 
The presence of phosphate was also 
shown to induce calcium phosphate 
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precipitation as apatite, competing with 
CaCO3 precipitation. Previous studies 
showed that CaCO3 precipitation occurs 
when bacteria have an organic energy 
source [2]. Because the aim here is to 
reduce CO2, by working in an inorganic 
growth media to precipitate carbonates 
with solely inorganic carbon sources, 
CaCO3 precipitation was challenging and 
the yields of carbonate precipitation were 
lower than in traditional experiments 
with organic-rich media. Improving the 
seal on the air tight bioreactors resulted 

in a better CaCO3 precipitation yield. 
The work in progress aim to optimize 
the precipitation and consequently CO2 
capture by decoupling bacterial growth 
phase from the mineral precipitation 
phase by working with separate reactors.
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Soil organic carbon plays a 
fundamental role in ecosystem 
stability and climate regulation. While 
traditional views emphasized the 
intrinsic molecular stability of humic 
substances, modern concepts suggest 
that carbon persistence is a result of 
functional complexity within the soil–
microbe–mineral matrix. This research 
focuses on the development of Artificial 
Humic Substances (AHS) as engineered 
analogues of natural humic matter. 
These substances exemplify this modern 
paradigm, as their polydisperse nature 
– encompassing a broad spectrum of 
molecular weights and diverse chemical 
functionalities – effectively simulates 
the structural heterogeneity required 
for long-term stabilization. By precisely 
controlling the synthesis process, we aim 
to create functional materials capable 
of addressing soil degradation, nutrient 
deficiency, and carbon sequestration.

AHS are produced via alkaline 
hydrothermal humification (HTH), shifting 
from traditional acidic HTC to a basic 
environment. Biomass precursors (bark, 
leaves, corn stover, nut shells) are treated 
with KOH at 180–220°C for 2–16 hours. 
Under these conditions, KOH catalyzes 
retro-aldol cleavage of carbohydrates 
and lignin depolymerization, forming a 

water-soluble matrix. As confirmed by 
NMR and FTIR, the resulting AHS are 
rich in phenolic, carboxyl, and quinone 
groups, successfully mimicking the 
redox-active and complexing behavior of 
natural humates.

The high density of functional groups 
enables AHS to serve as effective agents 
in various environmental technologies:

	◼ Pollutant Adsorption: AHS 
demonstrated significant 
adsorption capacities for emerging 
contaminants, including tetracycline 
(65.8 mg/g), sulfamethoxazole (10.7 
mg/g), and atrazine (10.8 mg/g). The 
mechanism is driven by hydrogen 
bonding, π- π interactions, and 
electrostatic attraction.

	◼ Micronutrient Carriers: AHS were 
utilized as sustainable carriers for 
manganese (Mn) to develop bio-
based microfertilizers. Manganese 
binds primarily to the high-
molecular-weight fractions of AHS 
in a bioavailable Mn(II) form. Plant 
growth trials (cucumber) showed an 
increase in manganese uptake by up 
to 64 mg/kg in dry biomass without 
compromising the structural integrity 
of the organic carrier.
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Beyond direct applications, 
AHS act as catalysts for natural 
biogeochemical cycles. In anoxic 
sediment mesocosms, the addition 
of AHS was found to activate a 
„Microbial Carbon Pump“ (MCP). 
Experimental data showed an 
accumulation of 18.5 g/L of organic 
carbon in the surface layer over a six-
week period, with a carbon retention 
efficiency of 73%. The process is 
facilitated by a specialized microbial 
consortium (notably Firmicutes and 
sulfate-reducing bacteria), which 
transforms the labile fractions of 
AHS into stable microbial necromass, 

thereby accelerating the formation of 
persistent organic matter.

Our research demonstrates that 
artificial humic substances synthesized 
via HTH provide a versatile platform for 
environmental engineering. By bridging 
fundamental polymer chemistry with 
soil microbiology, AHS offer measurable 
solutions for pollutant remediation 
and nutrient delivery, while providing 
a pathway to accelerate carbon 
stabilization.
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Land use changes and agricultural 
intensification have significantly 
depleted natural humus supplies, 
seriously impacting crop production. 
The hydrothermal humification 
technology (HTH) for producing 
artificial humic substances from 
waste biomass, was recognized as 
one of the IUPAC Top Ten Emerging 
Technologies in Chemistry 2021, 
as a technology that “may be a new 
technological means of producing 
humic substances HS similar to 
those found in soil for use as plant 
growth promotors” [1,2]. In 2019, 
Yang, Antoinetti et al. published 
the hydrothermal humification 
technology to synthesize artificial 
humic acid (A-HA) and artificial fulvic 
acid (A-FA) from straw, simulating 
natural geochemical processes 
[3]. During subsequent 7 years of 
intensive research, several processes 
of HTH were developed including 
hydrothermal treatment of different 
types of biomass in alkaline, acidic or 
even neutral aqueous solutions at high 

temperature (typically in the range of 
156-225 oC) and elevated pressure 
[1-7 and references mentioned herein].

Our research team tested possible 
application of concentrated solutions 
of mineral acids containing biogenic 
elements in their structures (namely 
concentrated phosphoric acid) for 
hydrothermal treatment of spent 
coffee grounds or solid part of 
digestate for production of hydrochar 
rich on humic substances.

The main advantage of this 
alternative hydrolytic process based 
on action of concentrated mineral 
acid on waste biomass is the cost-
effective performance of HTH 
at ambient pressure in common 
laboratory glassware or potentially in 
common glass-lined stirred chemical 
reactors and possible production 
of plant growth promotors based 
on combination of artificial humic 
substances together with NPK 
fertilizer for the direct application on 
arable soil. 
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Food waste (FW) management has 
emerged as a major challenge for the 
circular economy and climate-neutral 
development. Globally, FW management 
costs are estimated at USD 2.6 trillion 
annually [1], while in the EU alone 
more than 59 million tonnes of FW are 
generated each year, corresponding to 
approximately 130 kg per capita and a 
market value of EUR 132 billion [2,3]. 
Beyond direct economic losses, FW 
disposal contributes approximately 
3.49 billion tonnes CO2-equivalent 
annually, accounting for 8–10% of 
global greenhouse gas emissions [4,5]. 
Conventional management routes, 
including landfilling, composting, and 
incineration, remain insufficient because 
they fail to ensure complete resource 
recovery and are poorly suited to wet, 
highly biodegradable feedstocks.

Hydrothermal carbonisation (HTC), 
specifically its subtype - hydrothermal 
humification (HTH) - has therefore 
emerged as one of the most promising 
green conversion technologies for 
wet biomass streams. Conducted in 
subcritical water (180-260 °C) under 
autogenous pressure and using strong 
alkali (e.g. KOH) as a catalyst, HTH 
enables direct processing of FW without 
energy-intensive drying, converting 

heterogeneous organic matter into 
carbon-rich hydrochar (HC) and artificial 
humic substances (AHS), which can be 
used in agriculture and environmental 
technologies [6]. 

This study focuses on common 
household kitchen food waste stream 
valorisation possibilities for production 
of AHS, that could benefit circular 
economy principles, while mitigating the 
environmental impact of FW. Several 
food items were chosen with diverse 
macronutrient composition that cover 
most of the food chain – carbohydrates, 
fats, protein and lignocellulose. Individual 
samples were subjected to HTH 
conditions, using 0.65 M KOH solution 
under temperature range of 170–230 °C 
over 1–8 hours. Obtained AHS solutions 
were separated from HC, artificial humic 
acids (AHA) were precipitated from AHS 
solutions, purified and characterised, 
using UV-Vis spectroscopy, FTIR and 
3D-EEM fluorescence spectroscopy. 
Obtained AHA samples derived from 
food waste were compared to natural 
peat humic acids and results showed 
that the core composition is similar, 
however AHAs exhibited relatively more 
unsaturated aliphatic structures than 
natural mature peat humic acids [7].
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Recent research indicates that the 
poorly characterized high-molecular 
weight disinfection byproduct (DBP) 
fraction (>2 carbons) contributes more 
to cytotoxicity than the 1-2 carbon DBPs 
of current interest. Given the aromatic 
nature of NOM, haloaromatics represent 
a critical component of this nonvolatile 
high molecular weight DBP fraction. 
However, little research has been done 
on the quantification of haloaromatics 
alongside conventional aliphatic DBPs 
in authentic drinking water distribution 
systems. Nitrification in chloraminated 
distribution system storage facilities 
represents a common operational 
condition that decreases disinfectant 
residuals and promotes the growth of 
nitrifying biofilms that actively release 
DBP precursors, including nitrogen- 
and aromatic-rich moieties. Given that 
DBP formation and toxicity are strongly 
influenced by the characteristics of 
natural organic matter, the contribution 
of nitrifying biofilm may lead to 
preferential formation of high molecular 
weight DBP classes.

This study compares the 
concentrations of haloaromatic DBPs (6 
halonitrophenols, 8 halosalicylic acids, 
and 12 halophenols) to 28 conventional 
1–2 carbon DBPs across five 

chloraminated drinking water distribution 
storage tanks under ongoing nitrifying 
and non-nitrifying conditions. We also 
quantified biomolecule-derived DBPs 
(chlorinated tyrosine and chlorinated 
fatty acids) to highlight the contribution 
of peptides and lipids as DBP precursors. 
To evaluate the impacts of nitrification 
control strategies, we tested DBP 
formation under chloramine residual 
boosting and breakpoint chlorination. 
Results demonstrate that nitrifying 
biofilms act as sources of DBP precursors 
and preferentially form nitrogenous DBPs 
(halonitrophenols). Specifically, we found 
that total halonitrophenols concentration 
in nitrifying tanks were significantly 
higher than the halonitrophenols 
concentration in non-nitrifying tanks 
of the same source water. Under 
breakpoint chlorination conditions, total 
halonitrophenols concentrations in 
nitrifying tanks were up to 8 times greater 
than the halonitrophenol concentrations 
in comparative non-nitrifying waters 
(concentration of 170ng/L in nitrifying 
tank compared to 20ng/L in non-
nitrifying tank). Thus, the organic matter 
contribution of nitrifying biofilm in 
storage tanks poses unique challenges to 
DBP formation and associated drinking 
water toxicity within distribution systems.
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Soil organic carbon (SOC) in 
Antarctic deglaciated soils challenges 
common assumptions about climate-
driven carbon gradients. Earlier 
surveys on James Ross Island, 
spanning elevations from 35 to 375 m 
a.s.l., showed that oxidisable carbon 
does not correlate with altitude, 
despite pronounced environmental 
gradients. This negative result raises a 
question: if altitude and temperature 
are not the primary controls, what 
drives carbon accumulation in 
Antarctic soils? Here we address this 
question by treating Antarctic soils 
as a simplified natural experiment to 
isolate key biogeochemical drivers 
of natural organic matter (NOM) 
formation. Building on earlier datasets, 
we investigate soil organic matter 
interactions along an altitudinal 
gradient (10–320 m a.s.l.) on James 
Ross Island, with a focus on glomalin-
related soil protein (GRSP) as an 
overlooked microbial fingerprint. Soil 
chemical properties, GRSP fractions, 
nutrient availability, and organic 

matter decomposition were analysed 
across nine sites differing in moisture 
regime, substrate, and vegetation 
cover, supported by a standardized 
tea-bag decomposition experiment 
and thermogravimetric analysis. SOC 
showed a strong positive relationship 
with easily extractable GRSP and soil 
buffering capacity, while no relationship 
was found between SOC and available 
mineral nutrients. Phosphorus 
availability decreased with altitude, 
indicating still abiotic control of some 
nutrient distribution. Decomposition 
experiments revealed rapid loss of 
labile organic fractions, declining C:N 
ratios, and signatures of nitrogen-
fixing microbial activity during early 
mineralisation. Together, these results 
challenge altitude-based interpretations 
of Antarctic soil carbon and propose that 
liquid water availability and microbial-
derived organic residues, rather than 
climate gradients alone, act as hidden 
drivers of SOC and NOM formation in 
polar environments [1–3].
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The agronomic efficacy of humic 
substances, particularly Fulvic Acid 
(FA), is well-recognized. The multiple 
mechanisms underlying crop response 
to FA have limited our understanding of 
the modes of action, leaving them largely 
as a black box [1]. This study presents 
a robust systems biology roadmap, 
integrating time-resolved transcriptomics 
(RNA-seq), untargeted metabolomics, 
and biochemical profiling, to decode how 
FA orchestrates drought resilience in 
Brassica napus and Zea mays. 

Our experimental framework 
evaluated FA efficacy under two distinct 
moisture regimes: well-watered (normal) 
and progressive drought stress. For 
the biochemical and morphological 
assessment in B. napus, four treatments 
were utilized: well-watered control 
(WWC), well-watered with FA (WWFA), 
drought control (DC), and drought with 
FA (DFA). For the molecular analysis, 
we focused on temporal dynamics by 
sampling at early (3 hours) and late (27 
hours) intervals post-application. This 
design allowed for the identification 
of immediate signaling events versus 
downstream metabolic reinforcement, 
utilizing high-throughput sequencing 
and LC-MS/MS platforms to map the 
transition from gene expression to 
physiological phenotype.

Results demonstrate that exogenous 
FA significantly mitigates drought-
induced oxidative damage. In B. napus, 
FA maintained cellular homeostasis 
by increasing soluble protein content 
and bolstering antioxidant machinery, 
specifically elevating catalase (CAT) 
activity and glutathione (GSH) levels 
(WWC < WWFA < DC < DFA). This 
biochemical reinforcement led to a 
marked reduction in malondialdehyde 
(MDA) and hydrogen peroxide (H2O2) 
accumulation, preserving membrane 
integrity and enhancing root architecture 
under severe osmotic stress.

Temporal transcriptomic analysis 
identified that FA acts as a chemical 
eustressor, triggering a rapid „priming“ 
effect. Within 3 hours post-application, 
FA induced a bypass of traditional 
growth-stunting drought pathways in 
canola, instead activating membrane-
linked signaling and ROS-mediated 
defense genes. In maize, we identified 
a biphasic regulatory network: an 
early-stage (3h) upregulation of core 
transcription factor (TF) families, 
including ERF, NAC, and WRKY, 
which govern hormone signaling and 
ion transport. This was followed by 
a late-stage (27h) reinforcement of 
the phenylpropanoid biosynthetic 
pathway and redox regulatory networks. 
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Untargeted metabolomics confirmed 
that these transcriptional shifts translate 
into the strategic accumulation of 
osmoprotectants and antioxidants, 
including glucose, proline, and flavonoids 
such as quercetin. These metabolites act 
as functional outputs of the FA-induced 
gene networks, providing a robust buffer 
against environmental flux.

By correlating specific biochemical 
markers with high-throughput 
sequencing data, this study provides 
preliminary insights into the mechanistic 
framework for FA. Beyond traditional 
physiological observations, we 
demonstrate how multi-omics 
studies may play an important role 
in transforming biostimulants from 

„black box“ products into agronomic 
tools that can be manipulated and 
modified for improved precision and 
performance. This holistic approach 
allows for the identification of stimulus-
specific regulatory hubs, enabling the 
transition from empirical application to 
the predictable, evidence-based design 
of next-generation biostimulants tailored 
for climate-resilient agriculture.
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Stringent chloride regulation in the 
Netherlands (≤150 mg/L in finished 
drinking water) creates a direct 
compliance conflict with conventional 
FeCl3 coagulation, as chloride residue 
from coagulant dosing is inherent to 
the process. For example, 20 mg Fe/L 
adds approximately 28 mg/L chloride, 
consuming nearly 20% of the regulatory 
headroom at a time when source water 
salinization is intensifying. Beyond 
chloride, NOM removal remains the 
central treatment objective for long-
residence-time reservoir sources, where 
refractory low-MW organics dominate 
and resist conventional coagulation. 
Liquid ferrate (Fe(VI), FerSol®) offers a 
chloride-free alternative with the dual 
advantages of oxidation and coagulation, 
providing a potentially superior route for 
NOM transformation and removal. This 
study presents a systematic investigation 
of Fe(VI) applied to treat long-residence-
time reservoir water, examining how 
single and combined dosing strategies 
affect NOM removal across multiple 
characterization dimensions and 
benchmarking their consequences for 
post-coagulation processes.

Coagulation performance: single and 
combined dosing

Under single dosing at 20 mg Fe/L 
(pH 8, low velocity gradient), Fe(VI) 
matched Fe(III) in turbidity removal (96%) 
and residual iron (<0.1 mg/L) while fully 
eliminating chloride input. However, 
Fe(VI) yielded lower DOC removal (32% 
vs. 41–43%) and UVT (93% vs. 95–96%), 
attributable to its dominance of colloidal 
over monomeric Fe species as revealed 
by the Ferron time-dependence method. 
This likely caused the shifting of the 
coagulation mechanism from charge 
neutralization toward adsorption, 
which is less effective for the low-MW 
NOM characteristic of this source. 
At equivalent total iron (20 mg Fe/L), 
combined dosing strategies using Fe(III) 
and Fe(VI) generally underperformed 
single Fe(III) in DOC and UVT removal, 
though turbidity performance remained 
comparable. Among combined 
approaches, sequential Fe(III)-first 
→ Fe(VI) achieved the highest NOM 
removal, with approximately 80% and 
75% removal of biopolymer and humic 
fractions respectively by LC-OCD at pH 8. 
This result demonstrates that pre-formed 
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Fe(III) flocs create a reactive matrix that 
enhances subsequent Fe(VI) oxidation 
efficiency, broadening the NOM removal 
spectrum beyond what either coagulant 
achieves alone. FEEM-PARAFAC analysis 
resolved three fluorescent components: 
C1 (protein/aromatic-like), C2 (fulvic-
like), and C3 (humic-like). While Fe(III) 
provided broader, more uniform removal 
across all three components, sequential 
Fe(III) → Fe(VI) at pH 5.5 achieved 59% 
total fluorescence intensity reduction, 
which was the highest among all 
combined strategies, confirming the 
complementary targeting of fluorophoric 
NOM fractions under this approach.

Post-coagulation impacts: settleability, 
disinfection, and biostability

Three post-coagulation effects merit 
consideration when transitioning from 
Fe(III) to Fe(VI). First, Fe(VI)-generated 
flocs settled 62% more slowly than 
Fe(III) flocs, necessitating extended 
sedimentation retention times or 
enhanced flocculation design. Second, 

Fe(VI) demonstrated outstanding 
disinfection performance, achieving 
>7-log E. coli inactivation, which was 
double the efficiency of equivalent 
chlorine, representing a genuine multi-
barrier benefit at the pretreatment 
stage. Third, and critically from a NOM 
perspective, Fe(VI) coagulation elevated 
NOX-AOC approximately 10-fold relative 
to Fe(III), reflecting the accumulation of 
short-chain carboxylates from oxidative 
NOM scission. This fundamental shift 
in the NOM substrate profile increases 
downstream biofilm risk and necessitates 
a polishing step to restore biostability 
prior to distribution.
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Organic contaminant transport is 
typically conceptualized as a three-
phase system consisting of the 
aqueous phase, suspended solids, and 
a third phase composed of dissolved 
or colloidal organic matter (DOM). In 
wastewater treatment, however, there 
is often a fourth phase, an organic-rich 
layer at the air-water interface known 
as scum. Depending on influent quality 
and treatment process, scum contains 
large buoyant particles, fats, oils and 
grease (FOG), natural and synthetic 
surfactants, and other hydrophobic 
and amphiphilic material. This study 
demonstrates that wastewater scum 
could mediate transport of phthalate 
esters (PAEs), and organic matter 
more broadly, in ways not captured by 
conventional partitioning frameworks 
[1]. Scum samples were collected from 
primary and secondary unit processes 
in a conventional activated sludge plant 
and characterized by fluorescence 
excitation-emission matrix spectroscopy 
(FEEMs). Indicators of humic matter, 
proteinaceous material, plastics, 
and optical brighteners persisted in 
secondary scum at 3 to 10 times the 

intensities measured in raw sewage. Size 
fractionation indicated the presence of 
large organic particle assemblies >0.7 
µm, possibly including microplastics 
and detergent micelles. When samples 
were filtered prior to 24 h tumbling 
followed by solid phase extraction, all 
fifteen PAEs were undetectable. When 
filtered after tumbling, seven PAEs were 
detected, six at concentrations >1 ppb. 
This is consistent with large particles, 
potentially microplastics and/or micellar 
assemblies, serving as vehicles for PAE 
transport. These findings suggest that 
scum could contribute to persistence 
of multiple PAEs in the aqueous phase 
through secondary treatment in tandem 
with the third phase effects identified 
by previous authors [2]. To investigate 
sorption mechanisms in scum, isotherm 
experiments were performed with 
fifteen PAEs in diluted, size-fractionated 
scum samples, and the results were fit 
with the Freundlich model. Quantitative 
structure-activity relationship (QSAR) 
models were developed and compared 
with partitioning models for conventional 
organic phases where available. For 
straight-chain PAEs, sorption affinity 



IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

BOOK OF ABSTRACTS 

76

Research Frontiers� Tuesday, 25 August 2026 / Hall B+C

increased with chain length, and longer-
chain species had n>1, consistent 
with selective association with more 
hydrophobic, higher-affinity domains. In 
contrast, short-chain alkoxy species had 
the highest sorption affinities, suggesting 
mixed hydrophobic and polar interactions 
with the scum matrix. These findings 
demonstrate the potential importance 
of scum as a fourth phase in wastewater 
systems, a concentrator of humic 
matter, microplastics, and synthetic 
detergents that may act as both a sink 
and a source for organic contaminants 
such as PAEs. Beyond improvements to 
mass balance accounting, considering 
scum in contaminant treatment studies 
motivates mechanistic studies of 
contaminant interactions with interfacial 
organic matrices, and may suggest scum 
management strategies for improved 
organic contaminant removal in water 
and wastewater treatment.
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The rapid expansion of research 
on humic substances (HS)-based 
biostimulants has created a paradox: 
while mechanistic understanding at the 
molecular level is accelerating, translation 
into reproducible agronomic outcomes 
remains inconsistent. This study tests 
the hypothesis that the field’s intellectual 
structure is increasingly misaligned, with 
disproportionate emphasis on molecular 
discovery relative to standardization and 
field validation.

We conducted a comprehensive 
bibliometric and science mapping 
analysis of publications indexed in the 
Web of Science (1984–2025), using 
Bibliometrix (Biblioshiny) and VOSviewer. 
Keyword co-occurrence networks, 
thematic evolution analysis, and 
international collaboration mapping were 
integrated to quantify shifts in research 
priorities and structural maturity.

Results reveal a >10-fold increase 
in publication output after 2015, 
accompanied by a marked transition 
from soil conditioning studies to 
molecular-scale investigations. Dominant 
“motor themes” are now centered on 
gene expression, antioxidant signaling, 
and multi-omics responses to abiotic 
stress, particularly drought and salinity. 
However, themes related to standardized 

protocols, field validation, and product 
consistency remain weakly developed 
and fragmented, indicating a structural 
imbalance in the research landscape.

Geographically, leadership is 
concentrated in Italy, Brazil, China, 
and India, reflecting region-specific 
environmental pressures but also 
contributing to methodological 
heterogeneity. Critically, the analysis 
identifies a persistent disconnect 
between controlled-condition 
mechanistic studies and scalable 
agronomic applications.

We argue that the next phase of HS 
research requires a strategic rebalancing 
toward standardization, cross-scale 
validation, and integration frameworks 
that link molecular insights to field 
performance. This study provides a 
data-driven diagnostic and proposes 
a conceptual roadmap to reposition 
HS-based biostimulants as predictable, 
precision agronomic tools rather than 
empirically applied inputs.
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The Eustress Signature: Visualizing Proximal 
Signaling Events in Plant Roots Triggered by 
Electron Accepting and Donating Capacities
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Humic substances (HS) have been 
traditionally valued for their role in soil 
conditioning. However, current research 
has emphasized their bio stimulant 
effects on plants. The introduction of HS 
to plants initiates a sophisticated array of 
molecular signaling events that shape the 
development and physiology of plants. 
Particularly, the carboxyl, phenolic, and 
quinonoid functional groups within 
humics, potentially serve as primary 
reactive chemistries for interaction with 
plant membranes. Plants are known 
to perceive HS as environmental cues, 
triggering a response that is analogous to 
a mild stress or eustress (i.e. beneficial) 
response. Humic acid (HA) signaling 
is marked by activation of plasma 
membrane H+ ATPase activity, which 
establishes an electrochemical gradient 
required for nutrient uptake and cell 
expansion. While the electron accepting 
quinone moieties (pro-oxidants) appear 
to initiate a series of proximal events 
including membrane depolarization, 
Ca2+ flux from apoplast into cytoplasm 
and reactive oxygen species (ROS) 
production; the electron donating 
phenol groups (antioxidants) scavenge 
the ROS and modulate the stress 
intensity [1] [2]. Determining the spatio-

temporal signatures of these proximal 
events and messengers, characterized 
by their unique amplitude, frequency, 
and duration, is required for identifying 
the roles they play in the HA mode of 
action. The current study hypothesizes 
that the ratio between electron 
accepting pro-oxidants and electron 
donating antioxidants determines 
the net bio stimulant effect of HA. To 
overcome the “black box” challenge 
of humic complexity, we employed a 
reductionist synthetic approach using 
purified quinones and flavonoids, which 
represented a range of redox potentials, 
to isolate the specific contributions of 
their respective chemistries. 

To test this, Arabidopsis thaliana was 
employed as the model organism for high 
resolution live cell fluorescence imaging. 
Real-time physiological responses were 
captured using transgenic R-GECO1 
mutants. R-GECO1 is a red-shifted, 
intensity-based genetically encoded 
calcium indicator (GECI) that offers 
superior sensitivity for reporting [Ca2+]
cyt oscillations at a cellular scale, 
allowing for the observation of transient 
calcium waves in response to redox 
stimuli. Sterilized R-GECO1 seeds 
were germinated on the edge of agar 
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slabs placed in cover glass chambers 
with 3D printed root combs to direct 
root growth. The plants were grown 
in long-day conditions (16h day/8h 
night) at 22°C, 60% humidity, 120µmol 
photons for 7 days. Complementary 
to the [Ca2+]cyt signaling, the anionic 
oxonol dye DiBAC4(3) served as a 
slow response translational probe for 
measuring shifts in plasma membrane 
potential. Simultaneously, ROS 
production was visualized using the 
reagent 2‘-7‘-dichlorofluorescin diacetate 
(DCFH-DA). The 7-day old seedlings 
were imaged using a Nikon Eclipse 
TE2000-U fluorescence microscope. 
Following 3 minutes of baseline signal 
imaging, the quinones and flavonoids 
were introduced singly or as mixtures, 
and the images were captured once 
every second for 20 min in total. 
Normalized signal intensity, expressed 
as ∆F/ F0, a relative measurement 
of fluorescence signal change, was 
calculated. It is the difference between a 
time-dependent fluorescence signal (F) 
and baseline fluorescence (F0), divided 
by the baseline. Characterizing these 

transient signaling events provides a 
molecular bridge between the immediate 
perception of functional groups and 
the subsequent stimulation of plant 
growth. This mechanistic understanding 
will potentially assist in designing novel 
humic products tailored for predictable 
field performance and optimized plant 
development and provide the basis 
for a method to predict humic-based 
biostimulant potential.

References
1.	 Lamar, R.T. (2020). Possible Role for Electron 

Shuttling Capacity in Elicitation of PB Activity 

of Humic Substances on Plant Growth 

Enhancement. In The Chemical Biology of Plant 

Biostimulants (eds D. Geelen and L. Xu). 

2.	 Santos, M.P., Zupunski, M., Monda, H. et al. 

(2025). Humic acids modify root architecture 

in Arabidopsis through H+-ATPase-dependent 

target of rapamycin activation in concert with 

Ca2+ and ROS signaling. Chem. Biol. Technol. 

Agric. 12, 47.

Acknowledgement
The work is supported by Huma Inc.



IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

BOOK OF ABSTRACTS 

80

Research Frontiers� Tuesday, 25 August 2026 / Hall B+C

SL34

From Trash to Treasure: Humic-Based 
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Humic Substances (HS) are well 
known for their plant biostimulant 
properties, as widely indicated in 
literature [1]. However, due to their high 
molecular heterogeneity, novel uses can 
be imagined for these complex materials, 
such as in the production of nanocarriers 
(NCs) and hydrogels (Hyg).

In this work, we exploited the 
electron-donating capacity of HS in 
order to crosslink chitosan chains and 
synthesise spherical nanoparticles via 
the so-called ionotropic gelation [2]. 
Such nanoproducts were also used to 
encapsulate and deliver double-stranded 
RNA molecules (dsRNA) able to silence 
specific a gene of Spodoptera littoralis. 
The efficacy of such biopesticide, 
indeed, relies on the reduction of gene 
expression upon dsRNA application, 
a well-studied RNA interference 
mechanism [3]. Our nanocarriers 
entrapped > 90% of the dsRNA thanks to 
the significant non-covalent interactions 
with HS alkyl and aromatic moieties, as 
well as with the positively charged amino 
groups in chitosan, and were shown to 

protect it from pH-mediated degradation. 
Also, once inside the insect gut, the 
NCs released the dsRNA, which was still 
functional, thereby efficiently silencing 
the targeted gene. Moreover, in order to 
study the fate of the synthesized NCs 
within plant leaves, we encapsulated a 
fluorophore (fluorescein isothiocyanate-
FITC), and sprayed the nanosuspension 
on tomato leaves. Our results suggested 
that not only NCs are able to penetrate 
plant cuticle, but that they localize in the 
epidermis at the apoplast level in a stable 
manner for 96 h.

Another technologically advanced 
use of Humic Substances is related to 
their ability to modulate the physical-
chemical properties of alginate beads. 
Indeed, sodium alginate may form Hyg 
when dripped into a solution of calcium 
chloride. Here, calcium ions replace 
sodium ions in the alginate polymer 
chains, linking them together, ultimately 
forming a stable hydrogel. Interestingly, 
adding HS was shown to significantly 
alter the structure and reactivity of Hyg 
beads, therefore offering a convenient 
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and economically advantageous way 
to modulate their functionality [4]. We 
therefore synthesised HS-enriched 
alginate beads and we exploited them 
to adsorb the dye Methylene Blue from 
model wastewater by carrying out several 
adsorption/desorption cycles. Our results 
indicated that HS-added Hyg were able 
to remove significantly higher amount of 
contaminant compared to plain beads, 
and that it also varied across the various 
cycles performed. Such differences were 
related to the physico-chemical features 
of HS-enriched Hyg, such as viscoelastic 
properties, swelling behaviour and 
matrix morphology, which resulted in 
an overall higher chemical affinity of the 
contaminant for such HS-rich material, 
driving its more favourable repartition 
within bead matrix rather than in the 
aqueous solution, compared to beads 
prepared only with alginate. In turn, 
the bead mehcnaical, morpholofigcal 
and physicochemical characteristics 
were found to depend on HS molecular 
structure.

Our studies demonstrate the 
possibility to exploit HS from bio-
waste to function as substrates for the 

synthesis of advanced, high-added value 
nanocarriers and hydrogels, which may 
increase the liability of crop protection 
and the remediation of contaminated 
wastewater. The plasticity of the 
proposed nanomaterials makes them 
ideal for encapsulating other bioactive 
molecules, such as proteins, peptides or 
metallic ions. Similarly, the synthesised 
Hyg could be exploited to release 
agrochemicals, as well as to potentially 
remove a variety of organic or inorganic 
contaminants. Therefore, further 
research is needed to fully disclose the 
potential uses of the novel HS-based 
materials, to advance the complete 
valorisation of agro-industrial bio-waste.
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Yellowstone National Park 
hydrothermal springs were investigated 
according to their organic geochemistry 
and their dissolved organic matter 
(YDOM). This YDOM showed a unique 
and sulfur-rich organic chemodiversity 
that demonstrated that Yellowstone hot 
springs are DOM chemodiversity hot 
spots. Different geothermal sources of 
DOM were interrogated to be indicative 
for a geothermal signature and to be 
distinctly different from organic matter 
originating from extremophiles and 

chemically altered modern terrigenous 
DOM. Dramatic changes that occurred 
in the hot spring Cinder Pool between 
2017 and 2021, were particularly valuable 
in relating organic matter changes to 
changes in spring morphology. Isolated 
geochemical YDOM signatures reflect 
the extreme physico-chemical processes 
present in these hydrothermal features 
and may assist in better constraining 
the chemodiversity of DOM arising from 
inorganic hydrothermal processes.
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Contrasting Regeneration Pathways Influence Nutrient 
Stocks and Litter Accumulation under Young Silver Fir 
Stands in Secondary Norway Spruce Monocultures
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Forest floor dynamics represent a 
critical component of nutrient cycling 
and carbon storage in temperate forest 
ecosystems, as the accumulation 
and transformation of organic matter 
directly regulate soil functioning. The 
thickness and stratigraphy of organic 
horizons, together with the development 
of distinct humus forms, reflect the 
balance between litter input and 
decomposition processes, which are 
highly sensitive to changes in stand 
structure and microclimatic conditions. 
Forest management interventions, 
particularly those associated with 
canopy removal, can substantially 
alter these processes by modifying 
temperature and moisture regimes at 
the soil surface. Increased exposure of 
the forest floor often accelerates organic 
matter decomposition and disrupts the 
continuity of organic horizons, potentially 
leading to reduced carbon and nitrogen 
retention. In contrast, regeneration 
strategies maintaining continuous 
canopy cover may buffer these 
microclimatic fluctuations, supporting 
more stable litter accumulation and 
gradual organic matter turnover.

In Central European forests, the 
ongoing transformation of Norway 

spruce (Picea abies [L.] Karst.) 
monocultures frequently established 
outside their natural range has renewed 
interest in alternative tree species such 
as silver fir (Abies alba Mill.). Due to its 
high shade tolerance, silver fir is well 
suited to regeneration under canopy 
conditions, where it may contribute to 
the maintenance of favorable forest 
floor processes. However, the extent to 
which different regeneration pathways 
influence organic horizon development 
and associated carbon and nitrogen 
dynamics remains insufficiently 
understood. The present study therefore 
aims to compare organic horizon 
thickness, humus form characteristics, 
and carbon and nitrogen stocks in 
the forest floor of Norway spruce 
monocultures and young silver fir stands 
established under similar site conditions 
using two contrasting regeneration 
pathways: underplanting beneath a 
Norway spruce canopy and artificial 
regeneration on a small-scale clear-cut in 
a Norway spruce stand.

Marked differences among 
regeneration pathways were primarily 
expressed in the accumulation and 
stratigraphy of organic horizons. The 
reference spruce stands exhibited 
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substantially higher forest floor 
accumulation, particularly in the L and 
F horizons reaching stocks of 14.8 
and 33.0 t·ha⁻¹. These layers were 
also associated with high carbon and 
nitrogen stocks (L: 7.01 t C·ha⁻¹, 0.18 t 
N·ha⁻¹; F: 16.27 t C·ha⁻¹, 0.55 t N·ha⁻¹), 
indicating a pronounced accumulation 
of less decomposed organic material. 
In contrast, the clear-cut stand showed 
a strong reduction in forest floor 
accumulation across all layers. Litter 
accumulation was markedly lower 
(L: 3.51 t·ha⁻¹; F: 9.91 t·ha⁻¹), accompanied 
by reduced carbon and nitrogen 
stocks. The H horizon was particularly 
diminished (8.71 t·ha⁻¹) and was entirely 
absent in one-third of sampling points, 
indicating disrupted continuity of the 
forest floor and accelerated organic 
matter turnover under exposed 
conditions.

The underplanted stand represented 
an intermediate stage between these 
two extremes. While organic horizon 
stocks were lower than in the spruce 
stand, they remained substantially 
higher than under clear-cut conditions, 
especially in the F and H horizons 
(F: 11.74 t·ha⁻¹; H: 93.49 t·ha⁻¹). Carbon 
and nitrogen stocks followed a similar 
pattern, suggesting partial preservation 
of organic matter accumulation under 

canopy-protected regeneration. These 
structural differences were reflected in 
the distribution of humus forms. The 
spruce stands were characterized by mor 
humus, indicating slow decomposition 
and accumulation of organic material. 
Underplanting shifted the system 
toward mor-moder humus, while the 
clear-cut stand was associated with 
more advanced decomposition stages, 
represented by moder and mull humus 
forms.

Overall, the results demonstrate that 
regeneration pathways strongly influence 
forest floor development, with canopy 
removal leading to reduced organic 
horizon thickness, lower carbon and 
nitrogen stocks, and a shift toward faster 
nutrient cycling. These findings highlight 
the importance of canopy-protected 
regeneration for maintaining forest floor 
integrity and conserving carbon and 
nitrogen stocks during early stages of 
stand transformation.
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Impact Of Wildland-Urban Interface Wildfires on 
Drinking Water: Urban Structural Ash Is a Source 
of Precursors for Toxic Disinfection Byproducts
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Wildland-urban interface wildfires 
are increasing in frequency worldwide 
with negative implications for drinking 
waters due to alteration of organic 
matter, which enters waterways following 
rain events, flows downstream to water 
treatment plants, and forms disinfection 
byproducts (DBPs). Previous research 
focused on vegetative wildfires with 
nothing known about DBPs from 
wildland-urban interface wildfires. In 
this study, the water-extractable fraction 
of seven structural ashes and two 
vegetation ashes from the 2020 LNU 
Lightning Complex Fire in California, were 
treated with chlorine and chloramine. 
Formation of 65 DBPs was measured by 
gas chromatography-mass spectrometry. 
Non-target analysis revealed highly 
reactive aromatic precursors and 

additional DBPs. Three urban structural 
ash samples formed higher levels total 
levels of DBPs and three formed lower 
levels, compared to the vegetation ashes. 
Calculated cytotoxicity was higher in 
chlor(am)inated structural ash samples 
than vegetation ash, due to formation 
of toxic brominated, iodinated, and 
nitrogenous DBPs. Chloramination 
reduced total DBP formation and 
calculated toxicity vs. chlorination, 
except where iodinated DBP formation 
was high. Structural ash leachates had 
lower dissolved organic carbon levels 
than vegetation ash and contribute lower 
levels of DBP precursors. However, these 
precursors may increase the toxicity of 
drinking water due to a shift towards 
more toxic DBP species. 
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SL38

Removal of NOM by Designed Composite 
Sorbents vs. GAC by Filtration 

Yael Mishael 

		  Dept. Soil & Water Sci., The Robert Smith Faculty of Agric., Food & Environ.,  
Hebrew University of Jerusalem, Rehovot, Israel

One of the complexities 
water technologies face, is 
treating low concentration of 
emerging micropollutants, such as 
pharmaceuticals, in the presence of 
higher concentrations of natural organic 
matter (NOM), a heterogeneous mixture 
of relatively larger soluble organic 
compounds. We develop polycation-clay 
composites based on the adsorption 
of poly-4-vinylpyridinuim to clay, as 
sorbents for simultaneous removal of 
micropollutants and NOM. 

Polycation configuration at the 
adsorbed state - as trains, loops and 
tails - was controlled by 1. solution ionic 
strength 2. polycation concentration 
3. polycation charge density. 
Composite micro- and nano-structure 
was characterized by zeta potential, 
FTIR, X-ray diffraction and thermal 
gravimetric analyses. The removal of the 
micropollutants from tap water or from 
treated wastewater by composites in 
which the polycation adsorbs as loops 

and tails, was significantly higher than by 
the composites in which the polycation 
is dominantly as trains, even upon 
normalizing to the polymer loading. On 
the other hand, polymer configuration 
did not affect NOM removal. The 
removal by both composites was 
obviously higher from tap water but the 
reduction in micropollutant removal from 
treated wastewater was not dramatic. 
Furthermore, the degree of reduction in 
micropollutant removal was specifically 
low by the composite with a loops 
and tails configuration. These results 
supported our hypothesis that a loops 
and tails configuration is beneficial for 
the removal of the small micropollutants, 
within the size range of polycation loops 
and tails which do not compromise NOM 
removal. 

Finally, the simultaneous filtration of 
micropollutants and NOM by composite 
columns was more efficient than by 
columns of commercial granulated 
activated carbon. 
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SL39

Wildfires Increase the Molecular Heterogeneity 
of Soil Dissolved Organic Matter across 
Mediterranean-climate Forest Ecoregions

Jingyi Zeng1, Kathleen Murphy2, Carlos Afonso3, Marie Hubert-Roux3, 
Yingying Xiang4, Jean-Philippe Croué1
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	 2	 Department of Architecture and Civil Engineering, Chalmers University of Technology, 
Gothenburg 41298, Sweden 

	 3	 CARMeN institute, UMR 6064, CNRS, University of Rouen Normandie, Mont Saint Aignan 
76821, France

	 4	 School of Civil and Environmental Engineering, Georgia Institute of Technology, Atlanta, 
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Wildfires are increasing in frequency, 
scale, and severity worldwide. These 
events cause extreme transformations 
in soil organic matter and subsequently 
release pyrogenic dissolved organic 
matter (PyDOM) into forested 
watersheds [1, 2]. Across wildfire-
affected landscapes, PyDOM quantity 
and composition vary with fire regime, 
soil properties, and forest ecoregion. 
This variability leads to fluctuating 
abundances of pyrogenic condensed 
aromatic organics (CAs) [3]. However, 
fire-modified DOM impacts water 
treatment performance and potable 
water quality by increasing disinfection 
byproduct (DBP) formation [4]. It is 
crucial to understand the consistency 
and diversity of PyDOM from soil across 
different geographic regions.

This study investigates post-
fire changes in soil DOM across six 
Mediterranean-type forest ecoregions 

in France, Chile, and Australia. By 
comparing burned soil samples (n = 11) 
with unburned counterparts (n = 4), DOM 
was characterized using general chemical 
parameters (e.g., DOC, and pH), UV/
Fluorescence with parallel factor analysis 
(PARAFAC), and Fourier transform ion 
cyclotron resonance mass spectrometry 
(FT-ICR MS). The potential formation of 
DBP (THM4, HAA9, HAN5, Dalapon acid 
and HAcAm2) was further evaluated by 
chlorination of soil DOM leachates.

Overall, burned soil samples 
released higher levels of leachable 
organic carbon and nitrogen compared 
to unburned counterparts. Wildfire-
induced thermal degradation led 
to increased pH, conductivity, and 
anion concentrations in soil leachates. 
SUVA254 values generally decreased 
in soil PyDOM, except for samples from 
the Altos de Cantilliana Reserve (Chile). 
Fluorescent and biological indices 
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significantly increased after wildfires, 
while the distribution of fluorescent 
components varied by sampling 
site. At the molecular level, wildfires 
enhanced the molecular heterogeneity 
of soil DOM. Among 1,103 identified 
CA formulas, only 174 (15.8%) were 
commonly present across all burned 
sites. These CAs were characterized by 
oxidized and unsaturated compounds 
with low MW and O/C ratios (<0.5). 
Notably, soil DOM shifted toward N-rich 
compounds, as wildfires consistently 
produced diverse heterocyclic N 
structures across all sampling sites. 
Chlorination of burned soil leachates 
enhanced toxic nitrogenous and 
brominated DBP formation, consistent 
with the fire-induced enrichment of 
organic N structures and inorganic 
bromide. While total DBP yields 
generally decreased, regulated 
carbonaceous DBP concentrations 
varied by soil origin.

Our findings reveal that soil PyDOM 
across Mediterranean-type forest 
ecoregions is chemically heterogeneous 
yet shares N-rich pyrogenic molecular 
fingerprints. These alterations may 
complicate drinking water treatment by 
shifting DBP formation toward more 

concerning nitrogenous and brominated 
species.

References
1.	 X. Cao, S. Li, H. Huang, et al. Wildfire impacts 

on molecular changes of dissolved organic 

matter during its passage through soil [J]. 

Environmental Science & Technology, 2024, 

58(26): 11436−11446. 

2.	 A. S. Wozniak, S. Mitra, A. I. Goranov, et al. 

Effects of environmental aging on wildfire 

particulate and dissolved pyrogenic organic 

matter characteristics [J]. ACS Earth and Space 

Chemistry, 2023, 8(1): 104-118.

3.	 H. Chen, A. T. Chow, X. Li, et al. Wildfire Burn 

Intensity Affects the Quantity and Speciation of 

Polycyclic Aromatic Hydrocarbons in Soils [J]. 

ACS Earth and Space Chemistry, 2018, 2(12): 

1262-1270.

4.	 P.T. Justen, E.K. Jaynes, C. A. Beavers, et al. 

Impact of wildland-urban interface wildfires on 

drinking water: Urban structural ash is a source 

of precursors for toxic disinfection byproducts 

[J]. Environmental Science & Technology, 2025, 

59(27): 14030-14040.

Acknowledgement
The project described in this work was 
supported by agence nationale de la 
recherche (ANR), France (Grant ANR-23-
CE34-0010-05).



BOOK OF ABSTRACTS 

89IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Tuesday, 25 August 2026 / Hall B+C � Environment, Agriculture, and Forestry

SL40

Sensitive Detection of Phthalate Esters in Drinking 
Water with Absorbance-Transmittance Excitation 
Emission Matrix (A-TEEM) Spectroscopy
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The presence of phthalate esters 
in drinking water sources is a topic of 
increasing global publicity and concern 
for environmental regulatory agencies 
due to their capacity for endocrine 
disruption and reproductive harm [1]. 
Dibutyl phthalate (DBP), in particular, is a 
common plasticizer in poly vinyl chloride 
(PVC) materials, food and beverage 
containers. In fact, DBP has been the 
recent (December 2025) subject for a 
comprehensive risk assessment by the 
United States Environmental Protection 
Agency [2]. It is there well recognized 
that potential harm to human health can 
be observed for very low concentrations 
of DBP, typically less than 10 mg/L. 
The low concentration effects present 
difficulties for rapid detection and 
actionable responses with conventional 
detection methods such as Gas 
Chromatography Mass Spectroscopy 
due to complex sample preparation, 
capital and operational expenses and 
required operator experience. Recent 
fluorescence studies have reported DBP 
detection in the mg/L range but these are 
typically at a proof-of-concept level and 
often involve complex sample reagent-

based assays involving derivatization or 
aptamers among other approaches [3]. 
Thus, in this study we investigated the 
ability to rapidly and directly measure 
DBP in typical drinking water matrices 
using A-TEEM spectroscopy without 
reagents. A-TEEM spectroscopy 
has the patented capacity to correct 
concentration-dependent fluorescence 
inner-filter effects, which is needed to 
separate the ubiquitous background 
signals of natural (or manmade) organic 
carbon (typically at mg/L levels) from low 
DBP concentrations in the mg/L range.

Drinking water samples, sourced from 
a local tap with approximately 2 mg/L 
Dissolved Organic Carbon (DOC) and 
Type I water, were comparably spiked 
with varying concentrations of DBP and 
Diethyl phthalate (DEP) ranging from 
0-765 mg/L. The A-TEEM spectra were 
scanned at 20° C with stirring in 3 ml 
quartz cuvettes in the UV region from 
220-400 nm while the emission was 
measured from 250- 600 nm (both in 5 
nm increments); the total scan required 
less than 5 min. DBP showed a bimodal 
A-TEEM fingerprint with the major 
excitation/emission band at 225 nm/345 
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nm and a minor band at 275 nm/345 
nm. DEP, compared to DBP, showed 
similar, but still visually unique A-TEEM 
contours. The DBP and DEP contours 
were both easily distinguishable visually 
from the typical natural DOC contours in 
the drinking water matrix associated with 
fulvic- and humic acid-like components 
and protein-like components. The 
data was evaluated using Parallel 
Factor Analysis (PARAFAC) to identify 
the components associated with the 
phthalates and background DOC. The 
PARAFAC scores associated with DBP 
and DEP were evaluated and compared 
to show DBP exhibited a significantly 
higher fluorescence yield (1.45x) than 
DEP on a concentration basis. For the 
weaker DEP, the linear regressions were 
evaluated for (A) the full working range 
(0-765 mg/L) and also (B) from 0-65 
mg/L to more accurately determine 
the Limit of Detection (LOD) and 
Quantification (LOQ). For DEP, LOD/LOQ 
is determined as 3.3 and 10 times the 
Root Mean Square Error of the regression 
to be 1.05 and 3.17 mg/L, respectively. 

Thus, we conclude that direct reagent 
free analysis of these phthalate esters 
can be determined with detection and 
quantification limits below the range of 
their reported toxic effects in drinking 
water matrices. Further, improvements 
with respect to optimized instrument 
and experimental conditions could 
potentially improve these detection limits 
considerably.
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Arsenic Reduces Methane Emissions from 
Paddy Soils: Insights from Continental 
Investigation and Laboratory Incubations
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Arsenic (As) contamination and 
methane (CH4) emissions co-occur 
in rice paddies. However, how As 
impacts CH4 production, oxidation, 
and emission dynamics is unknown. 
Here, we investigated the abundances 
and activities of CH4-cycling microbes 
from 132 paddy soils with different As 
concentrations across continental China 
using metagenomics and the reverse 
transcription polymerase chain reaction. 
Our results revealed that As was a 
crucial factor affecting the abundance 
and distribution patterns of the mcrA 
gene, which is responsible for CH4 
production and anaerobic CH4 oxidation. 
Laboratory incubation experiments 
showed that adding 30 mg kg–1 
arsenate increased 13CO2 production 
by 10-fold, ultimately decreasing CH4 
emissions by 68.5%. The inhibition 
of CH4 emissions by As was induced 

through three aspects: (1) the toxicity of 
As decreased the abundance and activity 
of the methanogens; (2) the adaptability 
and response of methanotrophs to As 
is beneficial for CH4 oxidation under As 
stress; and (3) the more robust arsenate 
reduction would anaerobically consume 
more CH4 in paddies. Additionally, 
significant positive correlations were 
observed between arsC and pmoA gene 
abundance in both the observational 
study and incubation experiment. These 
findings enhance our understanding 
of the mechanisms underlying the 
interactions between As and CH4 cycling 
in soils.
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Seasonal and Spatial Variations of Dissolved 
Organic Matter in Throughfall in Cool-
Temperate Birch Stands, Northern Japan
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Forest fragmentation can change 
water and biogeochemical cycles 
especially in the boundary area of the 
forest (i.e., edge), such as increase in dry 
deposition of atmospheric pollutants, 
which is often known as „edge effect“ 
[1–3]. Yet it remains poorly constrained 
how the edges affect biogeochemical 
cycles depending on seasons via 
rainwater passing through the forest 
canopy in cool-temperate regions. In this 
study, we focused on dissolved organic 
matter (DOM), which plays a critical role 
in biogeochemical cycles, and aimed to 
examine how the quantity and quality of 
DOM differ depending on site conditions 
in a cool-temperate forest. To achieve 
this, throughfall (TF) water samples were 
collected twice a month at a 10 m-by-
10 m plot installed in each of the edge 
and interior of the silver birch (Betula 
platyphylla var. japonica) forest stands, 
located in Chitose, northern Japan, 
between May and Nov in 2024. The TF 
amounts and canopy openness were 
measured on site and dissolved organic 
carbon (DOC) content and specific 
ultraviolet absorbance (SUVA) of the 
samples were analyzed in the lab. 

DOC deposition during the 
observation period did not differ 
between the edge and interior of 
the forest. SUVA was significantly 
greater during the growing season 
(May–Aug) than during the dormant 
season (Sep–Nov) at a given DOC 
deposition. This suggests that DOM 
in TF water contained abundant 
aromatic compounds derived from plant 
tissues [4] during the growing season 
presumably because the tree metabolism 
was active, which in turn increased the 
leaf leachates. On the other hand, SUVA 
was slightly lower in the edge than in the 
interior during the dormant season. Since 
negative correlation was found between 
SUVA and the canopy openness and the 
canopy openness was slightly greater 
in the edge than in the interior, our 
results suggest that litterfall progresses 
earlier in the edge during the dormant 
season, which decreases the contact 
opportunity of rainwater and tree canopy 
and consequently affects the SUVA level. 
In the conference, we are also going to 
report the results regarding molecular 
composition of DOM detected by 
ultrahigh-resolution mass spectrometry.
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From NOM to High Molecular Weight Aromatic DBPs 
and then to Aliphatic DBPs during Chlorine Disinfection

Xiangru Zhang
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Chlorine disinfection is one of the 
ten greatest public health achievements 
of the past century, yet chlorine reacts 
with natural organic matter (NOM) in 
source water to produce innumerable 
halogenated disinfection by-products 
(DBPs) in drinking water treatment. In 
this presentation, I will first introduce 
a study that incorporated radioactive 
36Cl into Suwannee River fulvic acid to 

label and characterize high-molecular-
weight chlorine-containing DBPs. I will 
then introduce a novel precursor ion 
scan method that led to the discovery of 
aromatic DBPs. Finally, I will present how 
NOM is converted to non-halogenated 
aromatic DBPs, then to halogenated 
aromatic DBPs and ultimately to 
halogenated aliphatic DBPs during 
chlorine disinfection.
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Disinfection is a critical step in 
drinking water treatment. Chlorination 
remains the most widely used 
method due to its simplicity and cost-
effectiveness; however, its reaction 
with dissolved organic matter (DOM) 
leads to the formation of disinfection 
byproducts (DBPs). As an alternative, 
chloramination is frequently applied to 
reduce the formation of regulated DBPs, 
although it promotes the formation of 
a broader range of nitrogen-containing 
DBPs (N-DBPs), many of which remain 
poorly characterized and unregulated. 
Despite their relevance, a systematic 
molecular-level comparison of how these 
disinfection strategies transform DOM 
remains limited.

In this study, we compare the 
molecular-level transformations of 
DOM induced by chlorination and 
chloramination using high-resolution 
mass spectrometry (HRMS). Controlled 
disinfection experiments were performed 
on the same water matrix to enable 
direct comparison of halogenated 
DOM (X-DOM) formation and to 

identify compositional shifts across van 
Krevelen space. This approach allows 
the identification of specific molecular 
regions preferentially affected by each 
disinfectant and provides a detailed 
assessment of halogenation pathways. 

Current HRMS data processing 
reveals consistent differences in DOM 
reactivity depending on the disinfectant 
applied. Distinct halogenation patterns 
are observed, with chloramination 
leading to a higher diversity of nitrogen-
containing molecular formulas, indicating 
distinct reaction pathways under each 
disinfection strategy.   

To further evaluate the influence of 
DOM origin, seasonal variability, and 
disinfectant selection, multiple sampling 
campaigns were conducted throughout 
two years. Raw water samples from 
reservoirs and rivers across Europe were 
analyzed before and after disinfection. 
Ongoing data treatment enables cross-
comparison of DOM compositional 
features and halogenated signals across 
case studies, providing insights into 
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how DOM source and disinfectant type 
influence DBP formation.

Additionally, targeted DBP analysis 
was performed on simulated disinfection 
experiments using GC–MS/MS to 
establish associations between DBP 
formation and HRMS-derived molecular 
features. The combination of non-
targeted and targeted approaches 
enables the identification of molecular 
features linked to DBP formation 
and provides a more comprehensive 
understanding of precursor–product 
relationships across different water 
matrices and disinfectants.

Overall, our results advance the 
molecular-level understanding of DOM 
transformations during disinfection 
and highlights the combined influence 
of disinfectant type and DOM origin 
on X-DOM formation. These findings 
support improved identification of 

DBP precursors and contribute to 
the development of more informed 
strategies for DBP control in drinking 
water treatment.
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Fractionation and Characterization of Acids 
and Neutrals in Treated Wastewater
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Effluent organic matter (EfOM) 
has become an increasingly important 
component of the aquatic carbon cycle 
due to the widespread discharge and 
reuse of treated municipal wastewater. 
Unlike natural organic matter (NOM), 
EfOM contains a complex mixture of 
residual natural organic matter, soluble 
microbial products, and anthropogenic 
organic compounds that influence 
advanced treatment processes, 
disinfection byproduct formation, 
membrane fouling, and contaminant 
transport. Although International Humic 
Substances Society (IHSS) reference 
materials have supported decades 
of NOM research, no standardized 
wastewater-derived organic matter 
reference currently exists, limiting 
comparisons among studies and the 
development of representative analytical 
methods.

This study investigated the 
fractionation and characterization 
of dissolved organic matter from 
tertiary-treated municipal wastewater 
collected from an activated sludge 
Water Reclamation Plant (Arizona, 
USA) that achieves near complete 
denitrification. A sequential DAX-8/
DAX-4 resin isolation procedure was 
used to separate hydrophobic acids 
(HPO-A), hydrophobic neutrals (HPO-N), 

amphiphilic acids (AMP-A), and 
amphiphilic neutrals (AMP-N). Isolated 
fractions were characterized using CHN 
elemental analysis, excitation-emission 
matrix (EEM) fluorescence spectroscopy, 
Fourier transform infrared (FTIR) 
spectroscopy, and UV254 absorbance. 
The combined resin system adsorbed 
approximately 59% of influent dissolved 
organic carbon, with the DAX-8 resin 
removing 30–40% and the DAX-4 
resin recovering an additional ~20%. 
Spectroscopic analyses demonstrated 
consistent fluorescence signatures 
and FTIR functional group distributions 
across multiple sampling campaigns, 
indicating reproducible isolation of 
major EfOM components. EEM analysis 
revealed distinct chemical characteristics 
among fractions, with acid fractions 
exhibiting humic- and fulvic-like 
fluorescence, while hydrophobic neutrals 
showed protein- and microbial-like 
signatures. CHN analysis suggested 
greater temporal variability within neutral 
fractions than acid fractions, indicating 
that these components may be more 
sensitive to changes in wastewater 
composition. Carbon recovery following 
desorption and freeze-drying remained 
substantially lower than adsorption 
efficiency, highlighting opportunities 
to optimize recovery protocols. The 
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presentation will discuss the unique 
properties of the 4 fractions, and a fifth 
“blue-green” colored fraction.

Beyond chemical characterization, 
the isolated fractions were compared for 
hydroxyl radical (•OH) scavenging and 
triplet-state dissolved organic matter 
(3DOM) production under multiple 
UV wavelengths. These experiments 
connected molecular composition with 

photochemical reactivity and highlighted 
how different wastewater organic matter 
fractions may influence advanced 
oxidation processes and natural 
photochemical transformations.

These results advance towards 
establishing a standardized wastewater-
derived reference material for the 
environmental and water treatment 
research communities.
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Shifting Drivers of DOM in Boreal Waters: 
From Acidification Recovery to Climate Forcing

Rolf D. Vogt, Marianne Stave Sekkenes, Magnus D. Norling, Kari Austnes, 
Heleen A. de Wit and Øyvind Kaste

		  Norwegian Institute for Water Research, 0855 Oslo, Norway

Substantial declines in acidifying 
emissions across Europe have led 
to pronounced chemical recovery of 
Norwegian surface waters. In recent 
decades, however, changes in water 
chemistry have increasingly coincided 
with climate change, complicating 
the attribution of observed trends to 
individual drivers. This study assesses 
whether ongoing climate change 
has produced detectable effects 
on freshwater chemistry in Norway 
and how these effects vary among 
catchments with differing sensitivities to 
acidification. The Model of Acidification 
of Groundwater In Catchments (MAGIC), 
which is based on current understanding 
of the processes governing acid-base 
chemistry in soils and waters, was used 
to simulate the effects of declining 
acid deposition. Deviations between 
observed and modelled water chemistry 
were provisionally interpreted as climate-
related effects. The analysis draws on 
long-term monitoring data (1986–2022) 
from 59 acid-sensitive Trend Lakes 
distributed across Norway, together with 
four Field Research Stations (1986–2020) 
representing contrasting hydroclimatic 
and biogeochemical conditions. 
Temporal trends were evaluated using 
the Mann-Kendall test and Sen’s slope 

estimator, while relationships between 
inferred climate effects and climatic 
variables were examined using Pearson 
correlation analysis.

Across the Trend Lakes, inferred 
climate effects were predominantly 
positive for acid-neutralising capacity 
(ANC) and base cations, suggesting 
that climate change may contribute 
to accelerated chemical recovery, 
particularly in catchments less sensitive 
to acidification. Inferred climate effects 
varied substantially among the Field 
Research Stations. Higher temperatures 
were generally associated with enhanced 
recovery, possibly through intensified 
silicate weathering, whereas increased 
precipitation and runoff appeared to 
dampen recovery. Overall, the results 
suggest that climate change exerts a 
measurable influence on freshwater 
chemistry in Norway, although the 
magnitude and direction of the response 
are strongly modulated by catchment-
specific characteristics. Quantitative 
attempts to separate climate-related 
and acid-deposition-related effects 
across a large number of acid-sensitive 
catchments remain rare. Here, we use 
deviations between observed water 
chemistry and MAGIC simulations of 
acid deposition recovery as a screening 
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approach to investigate whether climate-
related signals can be detected at the 
national scale and whether these signals 

vary among catchments with differing 
sensitivities to acidification.
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Hydroxyl Radical Production Associated with Sediment 
Redox Cycling in the Bottom Turbid Layer of Lake Biwa 

Raiga Shiota1, Xue Chu2, Kazuhide Hayakawa3, Yasuro Fuse2

	 1	 Graduate School of Science of Technology/ Master‘s Program of Functional Chemistry, 
606-0951, m25674020@edu.kit.ac.jp

	 2	 Faculty of Molecular Chemistry and Engineering, Kyoto Institute of Technology
	 3	 Lake Biwa Environmental, Research Institute

In the northern basin of Lake Biwa, 
a bottom turbid layer (BTL) formed 
by resuspended sediments persists 
throughout most of the year except 
during the spring overturn. Within 
this layer, anaerobic (reducing) and 
aerobic (oxidizing) microenvironments 
coexist in close proximity. Redox-active 
species—including Fe, Mn, and quinone 
moieties associated with sedimentary 
humic acids—are expected to migrate 
across this redox interface and establish 
a coupled three-component cycling 
system. In this system, MnO2 oxidizes 
hydroquinone (H2Q) to quinone (Q) as 
Mn is reductively dissolved; Q in turn 
mediates electron transfer to Fe(III) 
oxyhydroxides, generating Fe²⁺; and 
Fe²⁺ reacts with H2O2—formed during 
reoxidation steps—to produce hydroxyl 
radicals (•OH) via Fenton chemistry. If 
operative, this Mn–Q–Fe cycle would 
sustain continuous •OH generation in the 
BTL. The present study aims to verify this 
hypothesis through laboratory simulation 
experiments and to develop a deployable 
in situ •OH trapping sampler for field 
measurements in Lake Biwa.

Humic acids were extracted from 
Lake Biwa sediments and dissolved at 

100 mg/L. To simulate redox oscillations 
in the BTL, oxidizing and reducing 
conditions were alternately imposed by 
purging with air, nitrogen, or nitrogen 
containing hydrogen sulfide. Hydroxyl 
radicals were trapped using terephthalic 
acid and quantified by fluorescence-
detection HPLC as hydroxyterephthalic 
acid. Under these conditions, •OH 
concentrations of up to 2.98 μmol/L were 
detected, with production particularly 
elevated during transitions from aerobic 
to anaerobic conditions. Addition of 
catalase substantially suppressed •OH 
generation, confirming that H2O2 acts 
as a direct precursor. Addition of bulk 
iron phases (FeO and Fe(NO3)3) further 
enhanced •OH production, consistent 
with the release of trace Fe²⁺ from these 
solids and subsequent Fe²⁺–driven 
Fenton reactions.

A critical component of the 
proposed cycle is the role of Mn. 
Because the reduction potential 
of MnO2/Mn²⁺ exceeds that of the 
quinone/hydroquinone couple 
under environmentally relevant pH 
conditions, Mn reduction by H2Q is 
thermodynamically favorable and was 
expected to accelerate the quinone 
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redox cycle, thereby promoting •OH 
generation. However, the experiments 
revealed the opposite: MnO2 addition at 
10 mg Mn²⁺/L equivalents suppressed 
•OH production, attributable to the 
well-known catalytic decomposition of 
H2O2 by MnO2. This finding indicates 
that Mn speciation and concentration 
critically govern whether Mn enhances 
or inhibits •OH production. To date, 
experimental conditions that sustain the 
complete three-component cycle have 
not yet been achieved. Ongoing work is 
focused on identifying the concentration 
ranges and redox gradients under 
which the full three-component cycle 
becomes operative, as predicted by the 
thermodynamic framework.

In parallel, a deployable •OH trapping 
sampler for use at the lake floor of Lake 
Biwa has been developed. The device 
exploits the surface of PET (polyethylene 
terephthalate) plate material: alkaline 
hydrolysis (1 N NaOH, 333 K, 24 h) 
exposes terephthalic acid moieties on 

the surface, which trap ambient •OH 
as hydroxyterephthalic acid. After field 
deployment, a second hydrolysis step 
recovers the trapped product, which 
is then concentrated by solid-phase 
extraction on a C18 cartridge and 
quantified by fluorescence-detection 
HPLC. Optimization using a Fe(NO3)3/
H2O2 model solution confirmed that 
the 24 h alkaline treatment maximizes 
trapping capacity. Recovery of 
hydroxyterephthalic acid (0.5 μmol/L) by 
SPE was 21.4% with a relative standard 
deviation of 5.3%, demonstrating 
acceptable reproducibility; however, 
the absolute signal-to-noise ratio 
under simulated environmental •OH 
concentrations remains insufficient 
for reliable field quantification. 
Modifications to the SPE protocol 
and pre-concentration strategy are 
currently underway to improve detection 
sensitivity, with the goal of achieving the 
first direct in situ measurement of •OH in 
the BTL of Lake Biwa.
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Molecular Characterization of Dissolved Organic Matter 
in Deep Groundwater of Marine Deposits by Data 
Fusion of EEM and FT-ICR-MS with Machine Learning
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Dissolved organic matter (DOM) 
in deep groundwater modulates the 
migration of radionuclides relevant to 
the geological disposal of high-level 
radioactive waste (HLW) through 
complexation, redox reactions, and 
competitive sorption. Understanding the 
molecular controls of these interactions, 
however, has been hindered by the 
chemical complexity of DOM and the 
limited access to deep aquifers. Here 
we combine fluorescence excitation–
emission matrix (EEM) spectroscopy 
and Fourier-transform ion cyclotron 
resonance mass spectrometry (FT-
ICR-MS) with data fusion and machine 
learning to resolve the endmembers, 
molecular fingerprints, and metal-binding 
behavior of DOM in saline groundwater 
from the Horonobe Underground 
Research Laboratory (URL), Hokkaido, 
Japan. [1,2]

Groundwater was sampled at depths 
of 140–500 m below ground level 
from packer-isolated boreholes within 
the URL. DOM was concentrated by 
PPL solid-phase extraction (SPE) and 
analysed by EEM and negative-mode ESI 

FT-ICR-MS (Bruker ScimaX, 7 T). DOM 
samples were argumented with EEM 
data of all samples spiked with Eu³⁺ or 
UO2²⁺ (0–0.08 mM) were decomposed 
by parallel factor analysis (PARAFAC) 
into four components, and Stern–Volmer 
constants quantified their interactions 
with the two metal ions. Coupled matrix 
and tensor factorization (CMTF) was 
used to jointly factorize the EEM tensor 
and the FT-ICR-MS matrix under a shared 
sample-loading mode, directly linking 
fluorescence endmembers to molecular 
formulae. [3]

To extend the data fusion 
analysis, we developed a supervised 
machine learning that fuses the two 
complementary data streams in 
an early-fusion scheme. PARAFAC 
component scores were combined with 
molecular-level descriptors derived from 
FT-ICR-MS—intensity-weighted H/C, 
O/C, double bond equivalent (DBE), 
modified aromaticity index (AImoₔ), and 
class fractions (lipid-, protein-, lignin-, 
tannin-, and CRAM-like)—to form input 
features for Random Forest and XGBoost 
regressors trained to predict endmember 
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loadings and Stern–Volmer constants. 
SHAP (SHapley Additive exPlanations) 
values were used to identify the 
molecular descriptors that most strongly 
drive each fluorescence endmember and 
its metal-binding affinity.

The four endmembers comprised one 
marine humic-like, two terrestrial humic-
like, and one protein-like component.[2] 
CMTF and SHAP analyses consistently 
linked the strongly Eu³⁺-binding 
terrestrial humic-like endmember to 
highly oxygenated, aromatic CRAM-
like molecules with elevated AImoₔ and 
O/C, while the weakly binding marine 
humic-like endmember was associated 
with aliphatic, lower-O compounds 
consistent with a connate-water origin. 
UO2²⁺ showed binding patterns that 
diverged from Eu³⁺, highlighting metal-
specific molecular selectivity. The 
combined data fusion–ML pipeline thus 
provides a transferable, interpretable 

framework for connecting spectroscopic 
signatures and molecular composition 
of deep groundwater DOM to its role 
in radionuclide transport and supports 
more mechanistic safety assessment of 
HLW geological disposal.
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A Novel Fluorescence Index for Predicting 
DOM Aromaticity in Aquatic Systems

Kathleen R. Murphy1
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A new fluorescence index has been 
developed that predicts DOC aromaticity 
and molecular size and enables improved 
predictions of DOC concentrations from 
optical measurements. The aromaticity 
index (ARIX) predicts specific UV 
absorbance (SUVA) in bulk and extracted 
DOM. It also predicts important 
molecular-scale features, including ratios 
of FT ICR MS molecular formulas and LC 
OCD–derived fractions. Although derived 
from modelling using parallel factor 
analysis [1,2], ARIX is a ratio based on a 
single emission scan [3].

A study of ARIX in global DOM was 
performed by reanalysing published data 
sets spanning the continents and river 
to ocean continuum and encompassing 
bulk DOM and DOM extracts [3]. 
Despite that samples were measured by 
many analytical labs using 14 different 
instruments, a single linear regression 
connected SUVA with ARIX in bulk 
aquatic DOM across eight diverse data 
sets.

In freshwater systems, it is often 
observed that absorbance measured 
at 254 nm (A254) is strongly linearly 
correlated to DOC, allowing the simple 
prediction of DOC concentrations 
from absorbance measurements 
[4]. However weak correlations are 

frequently observed in systems that 
have low hydrological connectivity, 
since long retention times promote the 
in-situ biogeochemical processing of 
DOM which causes the divergence of 
absorption and DOC measurements [4, 
5]. Among the eight bulk DOM datasets, 
weaker correlations were associated with 
datasets encompassing a wider range 
of SUVA values. Extending the linear 
regression between DOC and A254 by 
using ARIX to account for interactions 
between absorption efficiencies and 
aromaticity produced significantly better 
DOC predictions.

Overall, these findings enhance our 
understanding of how different simple 
and advanced measurement techniques 
converge to charactise DOM composition 
in aquatic systems. ARIX offers a 
promising new pathway for water-quality 
monitoring, particularly in field studies 
relying on optical sensors. Because the 
structural features of dissolved organic 
compounds - especially their aromatic 
character - govern their physical, 
chemical, and biological behaviour, ARIX 
offers a valuable new tool for a variety 
of purposes, including probing carbon 
cycling in natural aquatic systems and 
improving operations and outcomes in 
water treatment plants.
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Advanced oxidation processes 
(AOPs) are promising methods to 
decompose refractory micropollutants. 
[1] Among variety types of AOPs, 
ultraviolet-based activation of aqueous 
free chlorine (UV/chlorine) demonstrated 
capability in degradation efficiency of 
various micropollutants. [2,3] Meanwhile, 
practical application of UV/chlorine 
is still limited, and one of the major 
obstacles is inhibition of treatment 
efficiency in environmental water due 
to inherent water matrix. This study 
profiled compositions of natural organic 
matter (NOM) using LC-ESI-Orbitrap-MS 
to reveal organic features interrupting 
reactions between UV/chlorine and 
selected micropollutants.

Target micropollutants included 
three organophosphate insecticides 
acephate, methamidophos, and 
dimethoate. Because of aiming at 
investigating effects by different sources 
and fractions, NOM was extracted 
from raw and treated Seine River and 
Colorado River waters by XAD resins 
fractionation protocol [4]. One milli-molar 
phosphate buffer (pH 7.0) containing five 

micro-molar target compounds (mixed 
solution) and one mg C L−1 NOM isolate 
were irradiated under low-pressure 
mercury UV light (254 nm, 0.148 µE 
s−1) in the presence of 50 μM chlorine. 
Dark chlorination without UV irradiation 
was also performed. Concentrations of 
the parent compounds were quantified 
using LC-ESI(+)-Orbitrap-MS (Q Exactive, 
Thermo Scientific). Non-target analysis 
for NOM alteration was performed 
on samples prepared by solid phase 
extraction using Bond Elut PPL cartridge 
(Agilent Technologies). MS spectra for 
screening process were obtained using 
LC-ESI(+/−)-Orbitrap-MS and analysed by 
Compound Discoverer (CD 3.4).

Degradation efficiency of the target 
insecticides was inhibited in the presence 
of NOM, compared to samples without 
NOM. NOM characters had stronger 
impacts on UV/chlorine reactions than 
dark chlorination. NOM with larger 
half-width of fluorescence emission 
spectra at 254 nm excitation wavelength 
tended to inhibit degradation of the 
pesticides, suggesting that fluorophore 
by UV light in NOM influenced the 
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overall treatment efficiency. Moreover, 
DOM components were categorised 
by non-target analysis into remained 
and eliminated features by UV/chlorine. 
Eliminated components were more 
reactive than remained ones during UV/
chlorine, affecting degradation of the 
target micropollutants. For the molecules 
consisting of C, H, O, and N, unsaturation 
of carbon skeleton — determined as 
double bond equivalent subtracted 
by oxygen number — was a significant 
factor to interfere reactions between the 
oxidants and micropollutants (p < 0.05). 
Molecules including phosphorous 
or sulphur also consumed oxidants; 
however, electron-withdrawing functions 
such as sulfonic acid did not interrupt 
degradation of the micropollutants.

Consequently, results showed 
that the origin and character of 
NOM play a significant role on the 
performance of UV/chlorine treatment 
for micropollutants degradation. 
Optimisation of the removal of 

competitive moieties from the 
environmental NOM in treatment 
facilities is a prerequisite for efficient 
contaminant removal by UV/chlorine. 
Furthermore, this study revealed that 
P and S containing organic moieties — 
except sulfonic acids, and unsaturated 
carbon are the prioritised structures to 
be removed by pre-treatments.
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Optimizing Biological Ion Exchange for NOM 
Removal: Backwashing and Regeneration
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Biological ion exchange (BIEX) 
describes extended operation of 
anion exchange filters with infrequent 
regeneration to achieve natural organic 
matter (NOM) removal with reduced 
maintenance and waste disposal burden. 
Following from previous work that has 
confirmed feasibility and elucidated 
mechanisms of removal [1-4], the present 
study reports on recent efforts to 
further optimize BIEX operation through 
improving backwashing and regeneration 
efficiency.

Air scour is a well-established 
cleaning procedure in media filtration 
but has not been rigorously studied 
in BIEX. Air scour versus water-only 
backwashing was compared as part 
of a 16-month field BIEX pilot (70 L 
bed volume). The addition of an air 
scouring step (30 psi, 1 BV/min, 20 min) 
achieved 30x total suspended solids 
removal (TSS) compared to water-only 
backwashing. This enhanced cleaning 
resulted in a 30% increase in dissolved 
organic carbon (DOC) removal for a week 
following backwashing, together with 
increased sulphate release suggesting 
enhanced secondary ion exchange 
(sulphate-NOM). Considering that BIEX 
operation accumulates more biofilm than 

conventional IEX, these results indicate 
the importance of biofilm control through 
vigorous cleaning to improve diffusion 
to active sites. This also confirms 
previous results identifying secondary 
ion exchange—as opposed to biological 
processes—as the main contributor 
of NOM removal in extended BIEX 
operation [3,4]. 

BIEX eventually needs to be 
regenerated and this presents a 
burden especially for small and remote 
communities. For coastal communities, 
seawater may be an environmentally-
friendly regenerant. Hence, lab-scale 
regeneration was conducted with raw 
seawater (2.6wt% NaCl, 18 mg/L DOC) 
versus seawater spiked to manufacturer-
specified concentrations (10wt% NaCl). 
Batch jar testing determined similar rate 
of DOC desorption (pseudo-second 
order constant), but greater extent of 
DOC desorption at equilibrium using 
10wt% spiked seawater. Nonetheless, 
comparable DOC removal efficiency was 
achieved post-regeneration, confirming 
the viability of raw seawater to restore 
performance with the limitation that 
more frequent regenerations are 
necessary due to incomplete DOC 
desorption.



IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

BOOK OF ABSTRACTS 

110

NOM and Aquatic Systems� Thursday, 27 August 2026 / Hall C

 To further evaluate regeneration 
efficiency, sodium sulphate and 
bicarbonate were also compared, the 
latter being of particular interest for 
remote communities due to its relative 
ease of disposal. Bottle-point isotherm 
studies using NOM-laden resins 
indicated regenerant affinity in the order 
of Cl- > HCO3- > SO42-, with mass-action 
isotherm model fitting the full range of 
experimental conditions (R2 = 0.92–0.97) 
as opposed to the Freundlich model. 
Using Python, batch stirred regeneration 
tests were fitted to diffusion mass 
transfer models coupled with mass 
action isotherms, with homogeneous 
surface diffusion model (HSDM) 
achieving a better fit (R2 = 0.94–0.99) 
than linear driving force. Determination 
of the HSDM diffusion constant (2.2-6.0 x 
10-5 cm2/min) and mass action isotherm 
constants feeds into ongoing work to 
develop a column flow-through model 
for the regeneration process, allowing 
cost-effective comparison of different 

regeneration schemes (flow rate, 
duration, salt concentration, salt type) 
to facilitate optimization for different 
community needs. 
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Ozone (O3)-biological activated 
carbon (BAC) advanced treatment is 
increasingly applied after conventional 
coagulation-sedimentation for mitigating 
the natural organic matter (NOM), 
which serves as precursors of toxic 
disinfection byproducts (DBPs) in the 
subsequent chlorine disinfection. It 
is well recognized that conventional 
coagulation-sedimentation processes 
could partially remove the hydrophobic 
fraction of NOM, thereby decreasing the 
precursors of trihalomethanes (THMs) 
and haloacetic acids (HAAs). In addition, 
incorporating advanced water treatment 
processes (e.g., ozone (O3) treatment 
followed by biological activated carbon 
(BAC) filters) to the conventional water 
treatment trains can provide an additional 
10%–50% removal of NOM serving 
as regulated DBP precursors. Recent 
toxicological studies using Chinese 
hamster ovary (CHO) cell cytotoxicity 
assay indicated that the one- and two-
carbon-atom (C1 and C2) DBPs were 
minor contributors (3%–30%) to the 
total cytotoxicity. This begs the question 
of whether the effective reduction of 
precursors for C1 and C2 DBPs using 

coagulation-sedimentation and O3-BAC 
treatment can lead to a corresponding 
cytotoxicity mitigation.

The potential reduction of Chinese 
hamster ovary cell cytotoxicity of 
chlorinated waters using such measures 
at full-scale drinking water treatment 
plants was investigated. Results 
showed that conventional coagulation-
sedimentation processes could achieve 
~13% to 28% reduction in chlorinated 
water cytotoxicity. Ozonation did not 
provide significant reduction. Yet, BAC 
treatment could additionally mitigate 
the cytotoxicity by ~14% to 27%. The 
reduction of cytotoxicity was correlated 
well with decreased dissolved organic 
carbon concentrations of chlorinated 
water. The reduction of unknown 
nonvolatile fractions featured by 
high molecular-weight (MW) DBPs, 
accounting for ~58% to > 90% of total 
cytotoxicity, is a major cause. Using 
high-resolution mass spectrometry, 
O3-BAC treatment could substantially 
elevate the reduction in number of 
halogenated features (from <30% to 
up to 80%), especially for brominated 
features. 231 features were tentatively 
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identified as 20 groups of halogenated 
DBPs via suspect screening, machine 
learning prioritization, and homologous 
or isomeric series identification. The 
LC50 values for seven high MW DBPs 
identified ranged from 4.5×10−5 to 
3.9×10−3 M. While the precursors for 
trichloroacetyl-containing aliphatics, 
halobenzenediols, halo(di)nitrophenols, 
halohydroxy benzoquinones, 
halohydroxy pyridines, and halothiophen-
derivatives persisted in coagulation-
sedimentation, they were abated in 
O3-BAC treatment. This work provides 
insights into the removal of NOM and 

cytotoxicity mitigation of chlorinated 
drinking water using conventional and 
advanced water treatment processes.
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Heterocyclic Organic Chloramines as Chlorinating 
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Implications for Disinfection Byproduct Formation
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Chlorine is a widely used disinfectant 
in water treatment. While it effectively 
safeguards water quality against 
pathogens, it can also lead to the 
formation of harmful disinfection 
byproducts (DBPs) through reactions 
with dissolved organic matter (DOM). 
Climate change (e.g., rising temperature 
and algal blooms) and anthropogenic 
impacts (e.g., agricultural and urban 
runoffs) are increasing the levels of 
organic nitrogen in water bodies. 
Consequently, understanding the 
role of organic nitrogen in DOM on 
DBP formation during chlorination 
becomes increasingly important. 
Organic chloramines, common initial 
products formed from reactions between 
chlorine and organic nitrogen moieties, 
may contribute to DBP formation by 
subsequently chlorinating activated 
aromatic compounds (e.g., phenolic 
structures prevalent in DOM). Previous 
studies have investigated the reaction 
kinetics of organic chloramines with 
phenol, but primarily for those derived 
from aliphatic amines and amides. 
Nitrogen-containing heterocycles, 
despite their widespread occurrence 
in biomolecules and anthropogenic 
compounds, remain largely unexplored. 

Furthermore, conventional kinetic 
methods face challenges due to 
the inherent instability of organic 
chloramines, which readily revert to their 
parent compounds. This reversibility 
complicates kinetic measurements, 
particularly when chlorine quenchers are 
used, as these promote back-reaction. 

In this study, I investigated the 
reaction of heterocyclic organic 
chloramines with phenolic structures 
using uridine as a model compound. 
I determined the second-order 
rate constant (k) for the reaction of 
N-chlorouridine with phenol and 
identified reaction products, using 
an online reaction monitoring setup 
combining a programmable liquid 
handling module with high-resolution 
mass spectrometry (HRMS). This 
approach enables kinetic measurements 
without the need for chemical standards 
and avoids the use of chlorine quenchers. 
The apparent k of N-chlorouridine with 
phenol at pH 7 was determined to be 
2.9 × 102 M-1s-1, which is 5-6 orders 
of magnitude higher than reported 
values for organic chloramines derived 
from aliphatic amines and amides 
(typical range 10-4 – 10-3 M-1s-1 [1,2]). 
Notably, this reactivity is even higher 
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than that of free chlorine with phenol 
(k = 18 M-1s-1 [3]), which is generally 
considered a stronger oxidant than 
organic chloramines. Chlorinated 
products (aromatic substitution on the 
phenol ring) were identified as stable 
products, simultaneously monitored 
during kinetic measurements using 
HRMS. The exceptionally high reactivity 
of N-chlorouridine toward phenolic 
moieties, along with the formation of 
chlorinated products with potential 
toxicological relevance, highlights 
the need for further investigation 
and consideration in water treatment 
practice. 
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Groundwater supplies approximately 
40% of Perth’s drinking water, with the 
Wanneroo Groundwater Treatment Plant 
(GWTP) providing up to 170 ML/day 
during peak demand. The plant treats 
groundwater blended from multiple 
bores, with bore selection largely 
dependent on the bore water allocations 
determined by the Department of Water 
and Environmental Regulation. The 
groundwater blend supplying the plant 
is characterised by significant variability 
in dissolved organic carbon (DOC), iron, 
and manganese. Built originally as a 
conventional alum-based coagulation 
plant, Wanneroo GWTP increasingly 
required enhanced coagulation to 
manage higher and more variable natural 
organic matter (NOM) loads. To further 
enhance the removal of NOM, MIEX® 
resin treatment was introduced in 2001 
and remains the largest MIEX® treatment 
plant installation globally.

Over the past two decades, the 
Curtin Water Quality Research Group 
has collaborated closely with the Water 
Corporation of Western Australia to 
support operational optimisation at 

the Wanneroo GWTP. This work has 
focused on innovation-led improvements 
that enhance water security, treatment 
resilience, and drinking water quality 
under increasing environmental 
and operational pressures. A 
coordinated program of source water 
characterisation, laboratory-scale 
treatability testing, plant-scale trials, and 
modelling has been undertaken to better 
understand organic matter behaviour 
and its interaction with treatment 
processes.

MIEX® treatment was found to 
consistently outperform enhanced 
coagulation for NOM removal, 
achieving up to 88% DOC reduction 
and removing a broader range of NOM 
fractions, including lower molecular 
weight compounds less amenable to 
coagulation. By enhancing NOM removal, 
improving biological stability, reducing 
disinfection by-product formation, and 
expanding the range of groundwater 
sources that can be reliably treated, 
MIEX® plays a central role in maintaining 
the quality and quantity of drinking water 
produced at the plant. Optimisation 
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of MIEX® resin regeneration through 
tighter control of brine conductivity, 
pH, and regenerant-to-resin ratios 
improved regeneration efficiency. 
Together with optimisation of resin 
dose and enhanced coagulation pH, 
these measures delivered operational 
cost savings without compromising 
process reliability, demonstrating how 
targeted optimisation of existing assets 
can defer capital-intensive upgrades. 
Complementary innovations further 
strengthened adaptive capacity at 
the plant. Detailed characterisation 
revealed systematic differences in NOM 
composition between bores, informing 
bore selection and blending strategies to 
manage treatability risks. Fluorescence 
spectroscopy was identified as a robust 

surrogate for DOC measurement, 
overcoming iron-related interferences 
associated with UV absorbance and 
enabling potential alternative low-cost, 
real-time process monitoring. In parallel, 
MATLAB-based bore blending models 
provided a framework to balance 
water quality, quantity, and abstraction 
constraints on daily basis.

Collectively, these outcomes 
demonstrate how strategic partnership, 
research–operations integration, and 
innovation-led optimisation of existing 
treatment processes can enhance 
resilience, safeguard drinking water 
quality, and support sustainable water 
security for a treatment plant facing 
climate-driven allocation constraints.
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from Reclaimed Water during Managed Aquifer 
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Groundwater resources in Germany 
and worldwide are under pressure from 
human activities such as excessive water 
abstraction and the input of pollutants. 
Additionally, due to climate change, the 
natural recharge of aquifers is affected 
by droughts, while demand for water 
increases as temperatures rise. As 
a result, groundwater resources are 
declining and aquifer water quality is 
deteriorating. Managed aquifer recharge 
(MAR) can counteract these alarming 
trends by enhancing groundwater 
availability and quality, making local and 
regional water supply more resilient [1].

It is of utmost importance that water 
of appropriate quality is used for MAR, 
especially in cases where infiltrated water 
is intended to augment groundwater 
supplies leading to indirect potable 
reuse applications. Regarding potential 
contaminants, trace organic chemicals 
(TOrCs) are of particular concern, 
especially when surface water impacted 
by wastewater treatment plant (WWTP) 
effluent or reclaimed water is used 
for MAR. The low occurrence level of 
TOrCs, coupled with long-term exposure, 
may be linked to potential adverse 
effects on both human health and the 

environment [2]. Nevertheless, various 
TOrCs can be biodegraded during 
MAR, but the removal depends strongly 
on the engineered and environmental 
conditions prevailing at a given site [3]. 
Based on previous studies, it is expected 
that different fractions of dissolved 
organic carbon (DOC) in the infiltrated 
water play a key role in shaping the 
aquifer microbiome during MAR, thereby 
influencing the biotransformation 
capacity of TOrCs [4, 5].

To shape and optimize the 
biotransformation of TOrCs during 
MAR, the authors propose a hybrid 
MAR approach, where the water is 
pretreated prior to recharging the 
aquifer. It is hypothesized that different 
pretreatment technologies for reclaimed 
water determine the composition 
of DOC and specifically the natural 
organic matter (NOM) fractions that are 
provided to the microbial communities 
during the subsequent MAR infiltration 
step, resulting in significantly different 
TOrCs removal percentages. To test 
this hypothesis, different pretreatment 
approaches (cloth media filtration, 
coagulation + ultrafiltration, cloth media 
filtration + ozonation + biologically 
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active activated carbon filtration) were 
applied to reclaimed water prior to 
infiltration. These different water types 
were then continuously infiltrated into 
MAR mimicking sand columns. Water 
samples were analyzed for 32 indicator 
TOrCs, DOC, and the excitation-emission 
matrix (EEM) was measured. A parallel 
factor analysis (PARAFAC) model was 
developed, validated with split-half 
analysis and the resulting individual NOM 
components were identified by using 
the online spectral library “OpenFluor” 
[6]. The results of the PARAFAC 
model revealed five components, 
representing both refractory, humic 
fractions, and more biodegradable 
proteins. Preliminary analysis reveals that 
differences in protein removal within the 
individual columns translate to different 
biotransformation of certain TOrCs. 
The findings can guide the selection 
of suitable pretreatment methods, 
supporting the design of new MAR 
systems and the optimization of existing 
ones to enhance biological TOrCs 
removal.
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Physico-Chemical and Molecular Properties of DOM 
in Peat Pore Water: Effect of Seasonality, Vertical 
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Peatland ecosystems are major 
terrestrial sources of dissolved organic 
matter (DOM). While compositional 
changes in DOM along the acrotelm-
catotelm gradient are well documented, 
their spatiotemporal variability remains 
less understood. In this study, we 
investigated physico-chemical and 
molecular changes in DOM in the 
Rokytka peat bog (Bohemian Forest, 
Czechia) at four depths (0.5, 2, 3, and 3.7 
m) over a single vegetation period. 

Both pH and acid neutralization 
capacity increased with depth and 
shifted toward higher values as the 
vegetation period progressed. Dissolved 
organic carbon (DOC) exhibited the 
greatest seasonal variability in the upper 
acrotelm and stabilized with depth. The 
contribution of very hydrophobic acids 
(VHA) to DOC was highest in the upper 
peat layers and decreased with depth, 
whereas slightly hydrophobic acids (SHA) 
and neutral hydrophilic fraction (NEU) 

showed the reversed dynamics. These 
patterns were consistent with observed 
decrease in aromaticity and molecular 
weight along the vertical gradient. 

Additionally, DOM properties were 
evaluated as tracers for runoff formation 
by analysing a surface-draining stream 
using identical sampling and analytical 
methods. In general, the stream showed 
the highest similarities with the upper 
acrotelm; however, during summer, its 
molecular characteristics shifted toward 
those of deeper catotelm layers. This 
suggests that qualitative DOM indices 
may potentially provide a useful tool 
for tracing runoff sources in peatland 
ecosystems. 
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The Curious Role of Inorganic Ions on the 
Coagulation of Natural Organic Matter
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The coagulation of natural organic 
matter (NOM) using metal salts remains 
the principal mechanism for its removal 
in most surface water treatment works 
(WTWs) across the globe. Indeed, this 
can provide highly effective removal of 
disinfection by-product (DBP) precursors 
when operated under optimised 
conditions, requiring manipulation 
of coagulant dose and pH to ensure 
effective charge neutralisation. In an 
increasing number of cases, additional 
removal of NOM is being required due 
to stricter regulation associated with 
DBPs, higher levels of NOM being seen 
in source waters, and changes in the 
nature of the organic matter that make 
it harder to coagulate. This has driven 
application of suspended ion-exchange 
(IEX) processes located upstream of 
coagulation that act to reduce the load 
of NOM reaching the downstream 
coagulation phase. This combination 
of treatment leads to highly effective 
reductions of dissolved organic carbon 
(DOC), and reduced levels of a range of 
DBPs. 

Another (perhaps unintended) 
consequence and benefit of applying 
upfront IEX treatment for NOM 
removal has been an improvement in 
clarification observed at WTWs following 

coagulation, which has driven longer 
filter run times as particle loads have 
decreased [1]. This process stability 
appears to be driven by the formation of 
very large and robust floc particles that 
form during coagulation of water that 
has been treated by IEX. We have now 
observed this phenomenon for surface 
water sources from upland and lowland 
catchments. Possible explanations for 
these observations relate to changes in 
the nature of the NOM characteristics 
and balance following IEX, and/or the 
role of background inorganic ions on the 
coagulation and floc formation process 
[2]. The aim of this work was to explore 
the role of both the organic matter 
and inorganic ions on the coagulation 
process, particularly in relation to floc 
formation and character.   

 Through a series of jar test 
experiments on a range of water sources 
that were treated with and without IEX 
pre-treatment, floc characteristics were 
compared, in addition to water quality 
characterisation. These experiments 
were carried out on surface waters 
from both upland and lowland water 
sources. These results showed that 
for IEX pre-treated water, floc size was 
typically double that of water without 
pre-treatment when the coagulant:DOC 
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mass ratio was kept constant. Measures 
of floc strength indicated that these IEX 
pre-treated flocs could also maintain 
a larger size on exposure to increased 
shear rates. In relation to water character, 
IEX pre-treated had a much reduced 
sulphate and phosphate content, while 
chloride ions were significantly increased. 
Addition of aluminium and ferric sulphate 
coagulants into IEX pre-treated water 
did somewhat increase the sulphate 
concentration again, but to much lower 
levels than were seen in the original 
source water. Further experiments were 
then undertaken in a controlled manner 
using a model NOM surrogate (humic 
acid), where sulphate and phosphate 
ions were incrementally added to the 
water and subsequent floc analysis was 
carried out. Significant differences in 
floc size and strength were identified 
with changing ion concentration. In 
addition changes in floc structure were 
also observed to occur as a result of 
different interactions between natural 
organic matter and coagulant depending 
on the nature of the DOC. Coagulation 
of different model organic compound 
solutions was shown to form a range of 
floc sizes and strength depending on the 
character of the organic molecule, with 
molecular weight and hydrophobicity 
being important controlling factors. 

The results from these experiments 
have shown that both inorganic ions 
(sulphate and phosphate) and organic 
matter play a critical role in controlling 
the floc formation process during NOM 
coagulation. These results provide an 
explanation for why improvements 
in clarification occurs following ion-
exchange pre-treatment of NOM-laden 
water sources, as well as providing 
a potential way of manipulating the 
background ion-balance for water 
sources that do not currently plan to 
install ion-exchange for DOC removal. 
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The Hidden „Reductive Face“ of Triplet-
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Electron Donor Mechanism in AOPs
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Dissolved organic matter (DOM) is 
traditionally viewed as a major inhibitor 
in advanced oxidation processes 
(AOPs), both acting as a scavenger of 
reactive species and competing for 
photons [1]. This study challenges this 
conventional paradigm by unveiling the 
„reductive face“ of the excited triplet 
state of DOM (3DOM*), demonstrating 
its potential as a potent endogenous 
electron donor for oxidant activation. 
We propose a synergistic oxidation 
mechanism where 3DOM∗ directly 
transfers electrons to oxidants (e.g., 
free chlorine, chlorine dioxide, and 
monochloramine), triggering the 
generation of reactive radicals without 
the need for exogenous catalysts.

To decipher this hidden mechanism, 
we employed laser flash photolysis (LFP) 
to capture the ultrafast electron transfer 
kinetics between the triplet states of 
DOM (and model photosensitizers) 
and oxidants. Kinetic analysis revealed 
that 3DOM∗ reacts with these oxidants 
via a single electron transfer (SET) 
mechanism with near-diffusion-
controlled rate constants (108–
109 M−1s−1) . Crucially, this interaction 
does not merely consume the oxidant; 

rather, it „activates“ it, yielding highly 
reactive radicals (e.g., HO•, Cl•, and 
NH2•​) [2-4]. In real water matrices, this 
DOM-sensitized pathway was found to 
account for a significant proportion of 
contaminant degradation, effectively 
transforming the DOM from a passive 
„scavenger“ into an active „radical 
generator.“

Our findings indicate that under 
regulated conditions, the net effect of 
DOM can be inverted from inhibition 
to promotion. This work not only 
provides fundamental insights into the 
reductive photochemistry of DOM but 
also suggests a paradigm shift in water 
treatment: moving from „removing DOM“ 
to „exploiting DOM“ as a sustainable, 
metal-free auxiliary photocatalyst.
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in Potable Water Distribution Systems

Raymond M. Hozalski, Apoorva Goel, and Timothy M. LaPara

		  Civil, Environmental, and Geo- Engineering University of Minnesota, Minneapolis, MN, USA

Natural organic matter in drinking 
water supplies is primarily comprised 
of fulvic acids (FAs; ~80%), humic 
acids (HAs; ~10%), and bio-polymers 
like proteins and carbohydrates (~5%), 
with the remainder consisting of low 
molecular weight readily biodegradable 
compounds. The humic substances (i.e., 
HAs and FAs) are of concern because of 
their ability to react with water treatment 
chemicals increasing chemical demand 
and leading to formation of undesirable 
disinfection byproducts. The readily 
biodegradable fraction, however, is also 
of importance as these compounds can 
support the growth of heterotrophic 
bacteria in the water treatment plant and 
in the water distribution system (WDS). 
The bacterial biofilms that form on pipe 
walls and other surfaces in the WDS 
can become colonized by pathogens 
and be grazed upon by protozoa. These 
protozoa, in turn, can serve as hosts 
for opportunistic pathogens including 
Legionella pneumophila, known to cause 
a potentially fatal pneumonia termed 
Legionnaires’ disease.

Controlling bacterial growth in the 
WDS (i.e., achieving so-called ‘biological 
stability’) can be achieved through 
either limiting the availability of the 
readily biodegradable organic matter, 

as can be measured by the assimilable 
organic carbon or AOC assay, and/or by 
maintaining a robust disinfectant residual 
(e.g., free chlorine or chloramines). 

In this investigation, we collected 
water samples from 18 WDSs across the 
United States and quantified total organic 
carbon (TOC), AOC, residual disinfectant, 
and temperature. The goal was to 
assess the importance of these metrics 
as predictors of biological stability in 
WDSs. Surface water-supplied WDSs 
exhibited significantly higher (p < 10-4) 
AOC concentrations (median = 50 µg/L; 
range = < LOD to 720 µg/L) compared to 
those supplied by groundwater (median 
= 16 µg/L; range = < LOD to 156 µg/L). 
AOC levels were significantly higher 
(p < 10-4) during the summer months 
(August 2024 to October 2024) in surface 
water-supplied WDSs than during the 
fall (October 2024 to December 2024). 
In contrast, AOC concentrations in 
groundwater-supplied WDSs did not vary 
with season. In surface water-supplied 
WDSs, AOC concentrations frequently 
exceeded 50 µg/L, which has been 
previously suggested as a threshold for 
biological stability in WDSs containing a 
residual disinfectant. However, despite 
these high AOC concentrations in 
some systems, a stable disinfectant 
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residual was able to maintain biological 
stability. Conversely, increases in 
bacterial concentrations corresponded 
with AOC concentrations only in those 
WDSs where the residual disinfectant 

concentration was negligible. This study 
demonstrates that the concentration of 
residual disinfectant is more important 
than AOC concentration in determining 
biostability within WDSs. 
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As a primary water source for 
hundreds of millions of people in China, 
the Yangtze River Basin underpins 
national water security. However, 
disinfection byproduct (DBP) risks remain 
difficult to control because its precursor, 
dissolved organic matter (DOM) exhibits 
strong heterogeneity driven by coupled 
natural and anthropogenic factors, which 
become more pronounced along the 
river’s ~6300 km continuum. Here, we 
assessed basin-scale variations in DOM 
composition and DBP formation potential 
across 21 cities and over 500 monitoring 
stations in the Yangtze River Basin, 
revealing how natural and anthropogenic 
factors reshaped DOM profiles and 
DBP formation along with associated 
cytotoxicity. By integrating the newly 
developed SEC-MD-CMF method with 
FT-ICR MS for DOM characterization, 
three major source-related underlying 
components of DOM in the Yangtze River 
were identified. Aromatic terrestrial-
like DOM associated with forest and 

grassland cover increased by 1.5-fold 
along the Yangtze River, and its upstream 
dominance (>80%) made haloacetic 
acids (HAAs) and haloacetaldehydes 
(HALs) the primary contributors to 
DBP-associated cytotoxicity. In contrast, 
eutrophic lakes adjacent to the middle 
and lower reaches enhanced the 
nitrogen-rich biogenic-like component 
by 4.1-fold, facilitating more toxic N-DBP 
(e.g., haloacetonitrile (HAN)) formation 
and shifting cytotoxicity drivers toward 
HALs and HANs. Moreover, intensified 
human activity therein not only increased 
the low-molecular-weight anthropogenic-
like component (3.4-fold), but also 
elevated bromide levels, which further 
favored the formation of highly-toxic 
brominated DBPs. These findings 
establish a quantitative framework linking 
water background profiles and harmful 
byproduct formation during drinking 
water supply, highlighting the need for 
region-specific watershed controls.
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Biostability is one of the objectives 
in drinking water production, as 
microbial regrowth in the distribution 
network can negatively affect drinking 
water quality. Nutrients, such as those 
present in bioavailable organic matter 
(BOM)—especially assimilable organic 
carbon (AOC) as a key component—can 
promote microbial regrowth, making it 
critical to monitor their presence in raw 
waters and their potential formation 
during water treatment [1, 2]. However, 
quantifying BOM abundance and 
composition remains challenging, as 
BOM may constitute only a small fraction 
of dissolved organic matter (DOM), 
particularly when assessed using bulk 
parameters such as UV absorbance 
and dissolved organic carbon (DOC). 
The DOM itself is omnipresent in all 
natural waters. It consists of a complex, 
heterogeneous mixture of thousands of 
different organic molecules. In Finland, 
the main source of drinking water is 
surface water [3]. 

This study investigated how different 
treatment processes influence BOM 
concentration and composition across 
three surface water treatment plants 

(WTPs). Samples were collected from the 
sources – lakes, and at multiple treatment 
steps within each WTP. To examine the 
bioavailable fraction, we conducted 
21-day incubation experiments in the 
dark at approximately 20 °C to simulate 
conditions favourable for microbial 
regrowth. Microbiological and chemical 
parameters were measured before and 
after incubation. Microbial regrowth 
was assessed over time using traditional 
plate counting and flow cytometry, 
while changes in the DOM amount 
and composition were characterised 
using assimilable organic carbon 
(AOC) measurements and ultrahigh-
resolution mass spectrometry. Potential 
phosphorus limitation was investigated 
at one of the treatment plants by 
adding phosphate to selected samples 
to compare growth capacity with and 
without phosphorus.

Incubation experiments revealed 
distinct differences in growth 
potential and changes in the DOM 
composition among treatment plants. 
Principal component analysis (PCA) 
of molecular composition showed 
the most pronounced compositional 
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shifts in samples from WTP A. Growth 
potential calculations likewise indicated 
the highest microbial growth in WTP 
A samples, particularly following 
phosphorus addition, suggesting 
phosphorus limitation in this system. 
Across all plants, AOC concentrations 
decreased during incubation but were 
not fully consumed, indicating that 
not all AOC constituents are equally 
bioavailable. These findings highlight that 
the formation of BOM and its ability to 
contribute to microbial growth depend 
strongly on the treatment strategy and 
nutrient context.

By integrating flow cytometry, AOC 
measurements, and ultrahigh-resolution 
mass spectrometry, this study provides 
a comprehensive assessment of BOM 
from both functional and compositional 
perspectives. The results demonstrate 
that combining microbiological 
growth analyses with molecular-level 
characterisation improves our ability 

to detect subtle but treatment-relevant 
changes in DOM bioavailability. 
Furthermore, nutrient amendment 
experiments underline the importance of 
considering phosphorus limitation when 
evaluating biostability.

Overall, this work advances our 
understanding of how treatment 
processes shape BOM and microbial 
regrowth potential, contributing to 
improved strategies for maintaining 
biological stability in drinking water 
distribution systems.
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Drinking water supplies across much 
of the United States and Canada are 
sourced from forested catchments, 
where treatment performance is closely 
linked to both the concentration and 
composition of dissolved organic 
matter (DOM). To investigate how 
DOM influence disinfection by-product 
formation in Canadian forested systems, 
over 400 stream water samples collected 
from six watersheds across Ontario, 
Alberta, British Columbia, and Nova 
Scotia, encompassing the country’s 
major forested ecozones [1], were 
analyzed. A range of key water quality 
parameters, including pH, alkalinity, 
dissolved organic carbon (DOC), 

and specific ultraviolet absorbance 
(SUVA) were measured. DBP formation 
potentials were quantified, and a subset 
of samples underwent detailed DOM 
characterization using both conventional 
and advanced analytical methods, 
including UV–Vis spectroscopy, Fourier 
totransform ion cyclotron resonance 
mass spectrometry (FT-ICR-MS), and 
liquid chromatography–organic carbon 
detection (LC-OCD).

Results indicate that while DOC 
concentration is the primary driver of 
DBP formation, the concentration and 
composition of trihalomethanes (THMs) 
and haloacetic acids (HAAs) are further 
governed by DOM characteristics — 
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including SUVA, biogenic content, 
saturation level, and oxygen content. 
DOM aromaticity and oxygenation 
emerged as key descriptors of dissolved 
organic matter variability, strongly 
influencing the relative proportions of 
THM and HAA species formed. The 
specific formation potential of TCAA 
is correlated with DOM aromaticity, 
whereas TCM and DCAA formation 
appears to depend more on the oxygen 
content of the organic matter. These 
findings align with recent studies 
demonstrating that a higher average 
oxidation state of carbon in organic 
matter can reduce TCM formation [2].

The analysis further reveals 
interdependencies between DOC 
concentration and DOM characteristics 
suggesting that biodegradation and 

related transformation processes that 
preferentially remove highly oxygenated 
aromatic fractions play a central role 
in regulating DOC levels in these 
watersheds. These transformations also 
influence DBP composition following 
chlorination, with implications for toxicity 
and potential human health risks.
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the Arctic Shelf as a Proxy of Carbon Cycling Change 

Irina V. Perminova1, Anna N. Khreptugova1, Sommer Starr2, Robert Spencer2, 
Andrey I. Konstantinov1, Igor P. Semiletov3,4,5

	 1	 Lomonosov Moscow State University, Department of Chemistry, Leninskie Gory 1-3, 119991 
Moscow, Russia, iperminova@gmail.com 

	 2	 Florida State University, National High Field Magnetic Lab, Tallahassee, U.S.A.
	 3	 Pacific Oceanological Institute, Far-East Branch of the Russian Academy of Sciences, 

Vladivostok, Russia 
	 4	 National Tomsk State University, Tomsk, Russia 
	 5	  SakhSU, Sakhalin State University, Yuzhno‑Sakhalinsk, Russia

Warming in the Arctic is occurring 
a factor of four faster than in the rest 
of the world. This is due to the Arctic 
“acceleration” connected to positive 
feedback of this region to climate 
change as a result of both huge 
discharge of buried carbon of thawing 
terrigenic permafrost and growing 
methane emission due to degradation 
of submerged permafrost. Steady input 
of poorly humified bioavailable carbon 
of permafrost into the pool of dissolved 
organic matter (DOM) of Arctic shelf seas 
might change molecular composition and 
properties of DOM bringing unknown 
ecological consequences. The objective 
of this work was to track the footprint 
of ancient organic carbon from thawing 
permafrost in the DOM pool of the Arctic 
shelf seas is an obligatory 

The sampling of seawater was 
conducted in three arctic seas - the Kara 
Sea, the Laptev Sea and the East-Siberian 
sea during the AMK-82 cruise of R/V 
Academician Mstislav Keldysh. Seawater 
samples were filtered through GF/F 

filters with 0.7 um and stored in the dark 
glass, the samples for DOM extraction 
(1-5 L) were acidified and isolated with a 
use of solid phase extraction on Agilent 
Bond Elut PPL cartridges. The  samples 
were characterized with a use of optical 
spectroscopy, Fourier transform mass 
spectrometry and NMR spectroscopy. A 
total of 130 DOM samples were isolated 
and characterized.

The FT ICR MS data show that CHO 
compounds dominated in the Kara Sea, 
while heteroatom-containing compounds 
dominated in the Laptev Sea and the 
East Siberian Sea. Analysis of a set of 
109 analytical samples of DOM showed 
that the population density of the Van 
Krevelen diagram in the region referred to 
the chemotype of hydrolyzable tannins/
carboxyl rich alicyclic moieties (CRAM) 
accounted up to 60% of the total spectral 
intensity< whereas terpenoids, lignins 
and carbohydrates accounted for the 
residual 40%. The PCA analysis of the FT 
ICR MS data made it possible to identify a 
separate cluster of samples isolated from 
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the Lena River mouth in a set of samples 
from the Laptev Sea. This cluster was 
distinguished by the higher contribution 
of CHON and CHONS formulas, as well as 
peptide and carbohydrate chemotypes, 
which may indicate the presence of 
organic matter from permafrost, which 
originated from the Lena River runoff. 
The obtained results demonstrated the 
high discriminating ability of molecular 
descriptors in relation to the source of 
DOM. 

The molecular composition data were 
also used to find common and unique 
formulas for each region studied. The 
pool of common formulae reflects the 
specifics of the entire Arctic shelf. It was 
shown that it consisted mainly of CHO 
molecules, which may be associated with 
a high contribution of CRAM compounds 
- up to 70% of the total number of 
formulas. This indicates the dominance 
of conservative marine DOM structures 
in the general pool of the Arctic shelf 
DOM in the late autumn period. These 
same structures completely determined 
the character of the northern tip of the 
Laptev Sea. At the same time, the Lena 
River samples were characterized by 
the maximum number and variety of 

unique structures. Their composition was 
dominated by heteroatom-containing 
components, which may be due to the 
influx of buried permafrost organic 
matter. The Kara and East Siberian Seas 
occupied an intermediate position. 
13C NMR data on the structural group 
composition confirmed the maximum 
contribution of aliphatic carbon atoms 
replaced by heteroatoms for the Lena 
River samples and the dominance 
of saturated aliphatic and alicyclic 
structures in the Laptev Sea and the East 
Siberian Sea. This is consistent with the 
maximum contribution of conservative 
CRAM structures to these regions.

Thus, for the first time, the possibility 
of diagnosing the molecular specificity 
of biolabile components of permafrost 
against the background of stable 
carbon structures in marine waters was 
demonstrated. The obtained results also 
allowed us to define a pool of the Arctic 
Shelf DOM present in all three seas under 
study.
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Phosphorus (P) fertilizers are 
commonly produced from rock 
phosphate, a finite and non-renewable 
resource. Their high-water solubility often 
results in low nutrient-use efficiency 
and may contribute to soil salinity and 
nutrient fixation [1]. To overcome these 
limitations, humic substances [2,3], 
controlled release formulations [4], and 
metal-organic frameworks (MOFs) [5,6] 
have emerged as promising alternatives. 
However, conventional crystalline MOFs 
usually exhibit limited pore size which can 
restrict macronutrient release [5]. 

In the present study, a series of 
humic acid- MOF (HA-MOF) composites 
were synthesized using fertilizer-
grade raw materials and different 
concentrations of Leonardite-derived 
humic acid to improve phosphorus 
availability and release behavior. 
Nutrient composition in HA-MOF was 
determined by ICP-OES and elemental 
analysis. Phosphorus was partially 
soluble in water and fully soluble in 
neutral ammonium citrate, indicating 

plant availability while reducing it 
susceptibility to fixation by soil cations. 
Humic acid content was determined 
by thermogravimetric analysis (TGA). 
X-ray diffraction (XRD) revealed the 
predominantly amorphous nature of the 
composites, while SEM-EDX confirmed 
the homogenous surface distribution 
of the elements. Fe-release kinetics as 
function of pH evaluated by Electron 
Paramagnetic Resonance (EPR), 
showing that iron was present as Fe (III). 
High-spin Fe3+(S=5/2) was associated 
with the bioavailable fraction, whereas 
low-spin Fe3+(S=1/2) was related to P- 
bound Fe and to the fraction protected 
from soil fixation. Increasing humic acid 
concentration enhanced the amorphous 
character of the HA-MOF materials 
and reduced their chemical stability, 
promoting a balance between nutrient 
bioavailability and protection. These 
findings support the potential of HA-
MOF composites as controlled-release 
phosphorus fertilizers. 
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Over the last decades Biochar (BC) 
and Hydrochar (HC) have become the 
subject of intense scientific study, due to 
its positive effects on crop production. 
However, much of the existing 
literature focuses on demonstrating 
beneficial outcomes rather than 
elucidating the “why and how”. Indeed, 
our understanding of the processes 
activated after BC/HC incorporation 
into soils remains limited and is largely 
attributed to changes in soil chemical 
and physical properties. Recent 
results from our group, performing pot 
experiments cultivating lettuce (Lactuca 
sativa L. var. Batavia) under semi 
hydroponic conditions on BC (vineyard 
prunnings)/peat substrates suggest 
that BC can directly affect the internal 
nitrogen (N) use efficiency of plants [1]. 
Whereas previous studies related such 
effects mainly to N retention via sorption 
to BC surfaces, our results demonstrate 
that, in addition, BC stimulates the 

plant’s internal N-cycle by enhancing 
the activity of key enzymes involved 
in NO3⁻ and NH4⁺ assimilation. This 
metabolic enhancement contributes 
to more efficient use of available N and 
greater protein accumulation in shoot 
tissues, even under reduced total N 
concentrations. These findings offer 
promising perspectives for optimizing 
BC-based fertilizers, not just as passive 
N-retaining agents, but as enhancers 
of physiological N metabolism [2]. In 
further experiments, HC of chicken 
manure and its respective humic acid 
(HA) were added to a Cambisol and 
incubated for 77 days in a greenhouse 
(25 °C) under well-irrigated (WI) and 
water deficiency (WD) conditions. Soil 
microbial functioning was assessed 
using MicroResp to determine 
basal respiration (BR), together with 
fluorescein diacetate (FDA) hydrolysis, 
arylsulfatase, arginine ammonification, 
urease, and phenol oxidase activities. HS 
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increased BR in the same way as HC and 
stimulated specific enzyme activities. 
Arylsulfatase showed a positive, dose-
dependent response irrespective of 
irrigation regime, indicating stimulation 
of S cycling processes in soil. Under WD, 
FDA hydrolysis increased at an HS dose 
equivalent to 20 t ha⁻¹ HC compared to 
CTR. The remaining enzyme activities 
were unaffected. These preliminary 
results indicate that HS may partially 
account for the stimulation of microbial 
activity by HC observed in other 
experiments[3], pointing to mechanisms 
beyond simple nutrient supply. The 
findings support the hypothesis that 
specific bioactive fractions within 
HC may contribute soil microbial 
functioning, potentially influencing plant 
performance. Our results demonstrate 
further that aside the impact of BC 
and HC on soil chemistry, additional 
mechanisms exist that so far have been 
largely underrated. They evidences that 
the nature of their organic fraction can 
play a crucial role in regulating both soil-
biochemical processes and even plant 
response.
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Humic substances (HS) play 
important roles in soil fertility [1] and 
plant performance by improving 
soil structure, increasing nutrient 
availability, alleviating metal toxicity, and 
enhancing plant tolerance to abiotic 
stress [2]. Among soil amendments, 
lime (CaO) and silicate (SiO2) may 
further influence the humification and 
stabilization [3,4] of HS, yet their effects 
on HS quality across aggregate size 
classes remain poorly understood. 
This study evaluated the quantity and 
compositional characteristics of humic 
acid (HA) within aggregate size fractions 
under four amendment treatments, 
NPK, CaO, SiO2, and half-dose SiO2 
(0.5 SiO2). Following incubation, mean 
weight diameter decreased by 90% in 
the 0.5 SiO2 treatment and by 60% in 
the NPK treatment relative to the pre-
incubation soil, indicating aggregate 
disintegration. Across all treatments, 
the microaggregate fraction yielded the 
highest amount of extracted HA and 
contained higher nutrient concentrations 
than the largest and smallest aggregate 
fractions. In contrast, in the SiO2 
treatment, the macroaggregate 

fraction showed the highest total C 
concentration of HA at 23 g kg-1, which 
was 27% and 52% higher than that in the 
microaggregate and smallest aggregate 
fractions, respectively (DELTA-Q, 
Thermo Fisher Scientific, USA, NFEC-
2025-03-304690). Water-dissolved C of 
HAs averaged 221 mg C g-1 in the SiO2 
treatment and 130 mg C g-1 in the CaO 
treatment, both of which exceeded the 
value in the NPK treatment of the largest 
fraction. Overall, in intensive farming 
systems, silicate and lime amendments 
may be an effective strategy to increase 
humic matter content, promote 
aggregate formation, and enhance 
nutrient retention in soil [5].
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Thermal Modulation of Humic Acids Under Industrially 
Relevant Processing Conditions: Linking Analytical 
Characterization to Plant Biostimulant Activity
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In recent years the biostimulant 
movement has been witnessing a 
flourishing market with rapid growth, 
and the humic substances followed 
this trend, remaining among the most 
widely recognized and adopted organic 
inputs in agricultural practice owing 
to their proven long-standing use 
and more than a century of scientific 
and agronomic interest [1]. However, 
commercial humic-based products often 
undergo thermal processing during 
extraction, concentration, drying, or 
formulation, potentially altering their 
chemical properties and biological 
performances [2]. Despite the industrial 
relevance of these treatments, the 
relationship between heat-induced 
chemical modifications and plant 
bioactivity remains poorly explored. In 
this study, 4 different humic acids (NM, 
ALB, NDL, GAS HAs) were extracted 
from the main commercially sourced 
lignite and sub-bituminous ores available 
in North America and subjected to 
controlled thermal treatment at different 

exposure times (100°, 200°, and 300° C 
for 10, 30, 60 min up to 3H). The heat-
treated HAs were then investigated 
through a comprehensive analytical 
characterization (elemental composition, 
UV-fluorescence, TGA/DSC, FT-ATR, 
NMR, ESR, EAC/EDC, TEAC antioxidant 
assay) and plant bioassays (1 week, 2 
weeks growth tests) in order to evaluate 
how temperature-driven chemical 
transformations affect their structural 
features and their capacity to elicit the 
biostimulant response.

Both FT-ATR and NMR confirmed 
that moderate thermal treatments (up 
to 200° C) reorganize HAs without fully 
destroying them, leading to a greater 
relative definition in the IR fingerprint 
region and the predominance of the 
aromatic/carbonyl peaks. In contrast, 
at 300° C the HAs undergo a deeper 
transformation, with a strong decrease 
in aliphatic and O-alkyl/carbohydrate-
like components and a relative increase 
in signals associated with more 
oxygenated/condensed structures. 
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This behavior was also observed in 
fluorescence analyses: up to intermediate 
treatment severity, heat progressively 
depletes the original fluorophores; 
beyond a certain threshold, especially in 
NM, the system does not simply continue 
to degrade, but rather reorganizes, 
giving rise to a new fluorescent signature 
increasingly dominated by aromatic/
conjugated domains.

 However, in agreement with Zhang 
et al. [3], maximum condensation did 
not coincide with maximum bio-redox 
functionality, which instead appeared to 
reach an optimum at intermediate heat 
severity, where aromaticity, phenolic 
character, electron-donating capacity, 
and accessability of redox-active sites 
coexist. This interpretation was also 
confirmed by the antioxidant capacity 
observed at higher termal treatments in 
the TEAC assay.

The plant bioassays compared 
untreated HAs to 100°, 200°, and 300° 
C treated HAs at different exposure-
time. While pants treated with 300-3H 
HAs showed the worst general growth 
response, intermediate treatments 
outperformed control plants, especially 
in root-related traits such as primary root 
elongation, lateral root formation, root 
hair development, early root biomass, 
and, consequently, overall seedling 
vigor and nutrient uptake. Interestingly, 
plant exposed to minimum heated HA 
(up to 100° and 30 min exposure) did 
not show significant differences when 

compared to controls, suggesting minor 
changes in the biostimulant ability of HAs 
when exposed to relatively mild heating 
conditions. 

The differences in the chemical 
composition among the ore sources 
investigated in this study were closely 
associated with the transformation 
induced by thermal treatment and 
ultimately reflected in the biostimulant 
response observed in plants. This 
confirmed that even HAs from 
apparently similar origin material may 
exhibit disticnt behaviors associated 
to their local geological formation 
[4]. Such variability, should be taken 
into account when interpreting the 
biostimulant outcomes. Altogether, these 
results provide an additional layer of 
insight into the interplay between HAs 
chemistry, thermal processing, and plant 
bioactivity, helping to furhter refine our 
understanding of HAs behavior as plant 
biostimulants.
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Microbial Architects: Plant Growth-Promoting Bacteria 
Building Their Own Hydrogel Delivery Systems
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The development of sustainable 
agricultural systems requires innovative 
strategies that enhance soil functionality 
while reducing dependence on synthetic 
fertilizers. Plant growth-promoting 
rhizobacteria (PGPR) are increasingly 
recognized as valuable components of 
biologically based crop management due 
to their ability to support nutrient cycling, 
stimulate plant growth, and improve 
rhizosphere functioning. However, the 
large-scale deployment of microbial 
inoculants remains constrained by the 
cost and complexity of conventional 
encapsulation technologies.

This study presents a novel 
biofertilizer concept based on the ability 
of Azotobacter vinelandii to produce 
extracellular alginate, enabling the 
formation of self-generated hydrogel 
matrices of the culture by simple Ca-
induced crosslinking. The resulting 
exopolysaccharide-based hydrogels 
provide both microbial protection and 
delivery functionality without the need 
for externally added gelation agents. 
Beyond technological simplification, this 
approach offers a unique model system 
for studying microbial production of 
biopolymeric matrices that contributes 

to the stabilization and organization of 
organic matter in the rhizosphere.

A systematic investigation 
was conducted to identify key 
factors affecting bacterial growth, 
alginate production, gel formation, 
and bioinoculant stability. Among 
the tested strains, A. vinelandii 
CCM 289 demonstrated superior 
exopolysaccharide production, 
favorable gelation characteristics, and 
the ability to synthesize plant-beneficial 
metabolites, including indole-3-acetic 
acid and siderophores. The study 
further explored relationships between 
hydrogel structure, microbial viability, 
and biological activity, providing insights 
into how microbial polysaccharide 
matrices influence the persistence and 
functionality of beneficial bacteria in soil 
environments.

Particular attention was devoted 
to combining the self-encapsulation 
concept with soil amendments rich 
in organic carbon. Incorporation of 
biochar or lignohumate resulted in 
synergistic effects, improving bacterial 
survival during bioinoculant production 
while simultaneously introducing 
complementary soil-conditioning and 
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biostimulatory functions. The interaction 
of bacterial exopolysaccharide hydrogels 
with humic-derived organic matter 
is of particular interest, as it may 
contribute to enhanced microbial habitat 
formation, improved water retention, and 
stabilization of biologically active carbon 
within the rhizosphere. In addition, the 
applicability of the developed materials 
for seed encrustation was evaluated, 
demonstrating their potential as 
multifunctional carriers for targeted 
microbial delivery.

The presented approach highlights 
the potential of self-produced microbial 

hydrogels as sustainable bio-based 
materials linking microbial activity, 
extracellular polymer production, 
and organic matter management in 
agricultural soils. By integrating PGPR, 
exopolysaccharide matrices, and 
humic-based amendments into a single 
formulation, the developed system offers 
a promising pathway toward improved 
soil health, enhanced plant performance, 
and more efficient utilization of 
biologically active organic matter in 
agroecosystems.
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and Topsoil in a Mixed Oak–Beech Forest 
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Soil water repellency (SWR) is a 
widespread phenomenon in all terrestrial 
ecosystems and has traditionally been 
regarded as a negative soil property, as 
it promotes preferential flow and surface 
runoff, thereby increasing the risk of soil 
erosion [1]. However, a growing body of 
evidence suggests that SWR may also 
fulfill important ecological functions, 
including enhancing the resilience of 
plant and soil microbial communities, 
as well as stabilizing soil organic carbon 
pools under environmental stress, 
particularly during drought and post-fire 
conditions [2,3].

The occurrence and severity of 
SWR are closely linked to both the 
quantity and composition of soil organic 
matter, which comprises a wide range 
of organic polymers and waxes derived 
from plant material at different stages 
of decomposition. Nevertheless, the 
specific characteristics and distribution 
of these compounds in soils remain 
understood [4,5]. In this context, 
recent studies have demonstrated 
that temperature-dependent carbon 
fractionation (DIN 19539 standard [6]) 
enables a detailed characterization 
of distinct soil organic carbon pools 

[7,8]. These approaches also allow 
the derivation of thermal indices of 
soil organic matter that reflect its 
composition and are related to the 
origin and transformation of plant 
detritus mediated by soil micro- and 
macroorganisms [9].

We applied this approach to 108 
forest floor samples and 216 topsoil 
samples (0–5 cm and 5–15 cm layers) 
collected from a mixed oak–beech forest. 
The aim was to investigate the thermal 
behavior of soil carbon in relation to the 
occurrence and severity of SWR across 
these samples.

Our results confirmed the presence 
of three distinct soil carbon pools with 
different thermal stabilities, consistent 
with previous findings from agricultural 
soils [9]. These include thermally 
labile organic carbon (TOC400), 
residual oxidizable carbon (ROC), 
and total inorganic carbon (TIC900), 
corresponding to temperature ranges of 
300–400 °C, 510–600 °C, and 700–900 
°C, respectively. At the same time, a 
pronounced vertical gradient in SWR was 
observed: the forest floor was dominated 
by strong to extreme repellency 
classes, the 0–5 cm layer was mainly 
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characterized by wettable conditions 
with occasional slight to moderate 
repellency, and the 5–15 cm layer was 
almost entirely wettable.

Significant relationships were found 
between the identified carbon pools and 
soil water repellency: 1) TOC400 content 
emerged as the primary driver of both 
the occurrence and severity of SWR, 
and this relationship appeared to be 
independent of soil depth; 2) a threshold 
of ~3% TOC400 was identified as critical 
for the onset of soil water repellency; 
3) in contrast, the other carbon pools 
(ROC and TIC900) appeared to influence 
SWR only indirectly, likely through their 
effects on associated soil physical and 
chemical properties; 4) the TOC400/ROC 
ratio appears to be a promising indicator 
linking organic matter transformation 
dynamics to both the occurrence and 
severity of SWR in forest soils.

Overall, this approach provides a 
promising framework for exploring 
potential links between the thermal 
stability and biological transformation of 
soil organic carbon pools and soil water 
repellency in forest ecosystems.
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Cadmium in Contaminated Straw Impairs 
Carbon Sequestration and Reduces 
Nitrogen Availability in Paddy Soils
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While straw incorporation 
generally enhances carbon (C) and 
nitrogen (N) storage in paddy soils [1], 
cadmium (Cd) present in straw from 
contaminated areas may alter C and 
N transformation processes [2]. The 
specific impacts of Cd-containing straw 
on soil C sequestration and N availability 
remain poorly understood. This study 
investigated the dynamics of C and N 
in paddy soils amended with rice straw 
at four Cd concentrations (0, 5, 10, and 
20 µg g⁻¹) and four application rates 
(0, 0.5%, 1%, and 3%). The incorporation 
of Cd-containing straw inhibited straw 
decomposition, reduced microbial 
biomass, and increased the mcrA/
pmoA gene ratio. It also lowered total 
soil organic C and dissolved organic 
C concentrations. Furthermore, Cd 
enhanced microbial demand for labile 
N, intensifying N limitation and reducing 
both inorganic and dissolved organic 
N pools. After 91 days of incubation, 
the addition of 3% straw with Cd 
concentrations of 5, 10, and 20 µg g⁻¹ 

decreased soil organic C by 2.2%, 4.4%, 
and 7.3%, respectively, compared to 
Cd-free straw. Concurrently, the content 
of dissolved organic N, NH4⁺-N, and 
NO3⁻-N declined by 6.6%, 19.1%, and 
27.4%, respectively. These findings 
demonstrate that Cd-contaminated straw 
reduces both C storage and N availability 
in paddy soils, particularly when Cd 
concentrations exceed 5 µg g⁻¹.
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The Characterization of the Soil Organic Matter 
Extract Made With Water and Alkali

Kristyna Mullerova2, Marta Fuentes 1, Vojtech Enev2, Jose Maria Garcia-Mina1 , 
Miloslav Pekar2

	 1	 University of Navarra, School of Science, C/1 Irunlarrea, 1, Pamplona 310 08 Navarra, Spain, 
(jgmina@unav.es)

	 2	 Brno University of Technology, Faculty of Chemistry, Institute of Physical Chemistry, 
Purkyňova 464/118, 612 00 Brno, Czech Republic

This study focuses on the 
characterization of dissolved organic 
matter (DOM) extracted from permanent 
grassland sites. The research aims to 
evaluate how different management 
practices, specifically intensive versus 
extensive land use, and soil profile depth 
influence the structural and colloidal 
properties of organic fractions. To 
achieve this, a comparative analysis 
was performed using traditional alkaline 
extraction alongside various water-based 
methods that employed different thermal 
and kinetic conditions to mobilize organic 
carbon.

The characterization of the resulting 
extracts involved a multi-methodological 
approach. Elemental analysis was 
employed to determine the carbon 
content of the supernatants. UV-Vis 
spectroscopy was used to calculate 
a series of optical indices, providing 
insights into the aromaticity, degree of 
humification, and molecular complexity 
of the organic matter. Additionally, 
dynamic light scattering (DLS) was 
utilised to measure the hydrodynamic 

particle size and polydispersity, offering 
a view into the colloidal stability and 
aggregation behavior of the humic 
systems.

The findings demonstrate that the 
extraction method and environmental 
factors significantly dictate the nature 
of the released organic fractions. 
While alkaline agents target stable, 
high-molecular-weight substances, 
water-based extractions release a more 
mobile and biochemically active pool of 
dissolved organic matter. Trends across 
the soil profiles indicate that depth 
and management history influence 
the degree of humification and the 
distribution of aromatic structures. 
Furthermore, the study highlights a 
clear interrelation between chemical 
composition, optical properties, and 
physical particle behavior.
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Evaluating Spectroscopy and Chemometrics 
as Tools to Improve Agricultural Soil Fertility Testing
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Soil researchers continue to explore 
spectral sensing techniques as a 
potential solution for testing soil organic 
carbon (SOC), an important soil fertility 
indicator. Here, we provide practical 
guidance for stakeholders on using 
spectral sensing as a tool for soil fertility 
testing across diverse Saskatchewan 
(SK) agricultural soils and beyond. To 
achieve this, we first reviewed previous 
and current research studies to evaluate 
how different modelling approaches 
influence soil testing, and to identify 
remaining research gaps. The review 
highlighted the importance of large 
datasets in model training. Then, we 
collected relatively large soil dataset 
(n = 2205; GPS-referenced) across six SK 
agricultural regions and five soil zones. 
Spectral data were acquired alongside 
laboratory analysis of SOC and total 
nitrogen (TN), with TN serving as a 
benchmark for SOC model performance 
due its established predictive reliability. 
As a modelling exercise, we explored 
multiple spectra pre-processing and 
modelling approaches and found that 
combining continuous wavelet transform 

pre-processing with cubist modelling 
achieved highest performance. 
Model performance was primarily 
influenced by the coefficient of variation 
(Kendall’s tau = 0.69), followed by 
spectral variability (0.35), and sample 
size (0.23). Additionally, soils from 
different agricultural sites and zones 
responded differently to predictive 
modelling, with severe limitations in 
carbonate-rich regions. We further 
examined strategies to enhance soil 
fertility modelling in calcareous soils 
and found that reference methodology 
affected model performance. Finally, we 
explored approaches to optimize models 
across diverse SK soils. We observed 
that incorporating locally relevant 
spectral data (20 – 30% of testing data) 
improved model precision, while smaller 
investments (approximately 10% of 
the testing data) still yielded reliable 
predictions. We concluded that soil 
sensing holds strong potential for soil 
fertility testing, provided stakeholders 
balance the cost of including locally 
relevant data with the level of accuracy 
required for specific applications.
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Long-Term N Fertilization Altered Viral Community 
Composition and Increased Functional Potentials 
of Phosphorus Cycling by Causing Soil Acidification
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Viruses are pivotal agents in 
prokaryotic population dynamics and 
nutrient cycling [1]. Nevertheless, 
the effects of long-term nitrogen (N) 
fertilization on viral communities and their 
functional genes involved in phosphorus 
(P) cycling remain poorly characterized 
in agricultural ecosystems. Here, we 
investigated viral communities and 
P-cycling gene abundances across three 
long-term (>30 years) agroecosystem 
experiments subjected to N fertilization. 
Our results demonstrate that long-term 
N fertilization significantly altered viral 
community structure, increasing viral 
abundance and lysogenic prevalence, 
while enriching viral taxa such as 
Uroviricota. Soil acidification was 
identified as the primary driver of these 
viral community shifts, exceeding the 
influence of N availability. Furthermore, 
although prokaryotic functional genes 
involved in P solubilization and uptake 
declined under N fertilization, viral 

functional genes related to P-cycling 
were markedly enhanced, a response 
strongly correlated with acidification. 
These patterns suggest that viruses may 
exert a potential influence on prokaryotic 
P-cycling functions in acidified soil. 
Our findings highlight the critical role 
of viruses in sustaining soil P-cycling 
and underscore how long-term N 
fertilization, via soil acidification, regulates 
viral communities and their ecological 
functions in agroecosystems. 
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Stabilization Mechanisms of Organic 
Materials on Clay Surfaces
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Organic materials bound to mineral 
surfaces refer to organic compounds 
found in soil such as natural organic 
matter of lignocellulose materials 
interacting with mineral surfaces. 
Such interactions lead to a hierarchy 
of aggregates which build-up until 
macroscopic scales. Such aggregates 
provide soil with properties and functions 
that depend on type of minerals, organic 
matter nature, local conditions, external 
conditions such as, weathering or 
anthropomorphic influence. Therefore, 
the stability mechanisms of soil is 
reflected at the most basic level on 
molecular.

In this regard, computer simulations 
offer the possibility to access molecular 
scales, serving as virtual microscopes, 

to characterize aggregates at realistic 
conditions without technical difficulties 
to measure samples, disturbing or 
destruction of the samples that ultimately 
lead to under/over-estimation of 
measurements. This makes simulation 
methods ideal to characterize soil 
samples and provide with molecular 
signatures that address to solve issues 
such as carbon sequestration.

In this work, we characterized such 
aggregates with different organic 
composition by using molecular dynamic 
simulations. We observed that all 
aggregates exhibit unique responses 
in terms of the electric double layer 
and derived properties such as charge 
density profiles and structural properties.
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Methodology and Performance on Wheat
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Organic biostimulants containing 
humic substances (HS) and alginic acid 
(AA) were evaluated in two separate 
studies. A laboratory study was 
completed to evaluate the analytical 
methodology to quantify AA contents 
in the products. A field study was 
conducted to evaluate the products’ 
performance on wheat.

The analytical method was based 
on the color reaction from degradation 
of uronic acid with carbazole [1,2,3]; 
later adopted by the Spanish Ministry 
of Agriculture and Fisheries, Feed 
and Environment [4]. HS was found to 
react with carbazole [5] and therefore 
suspected of interfering with the AA 
analysis. In this current study, five 
products (containing HS, AA, and 
combined HS + AA) were quantified 
for AA. At lower concentrations, 
spectrophotometer readings showed a 
nonlinear pattern, producing inconsistent 
AA concentrations. Modification was 
made to this method by preparing 
multiple samples at different dilution 
factors to identify where the readings 
fell within the linear pattern. AA 
concentration was calculated as an 
average from data generated within this 
region. Consistent results were obtained 

for all products, having AA of 0.36 to 
11.79% with coefficient of variations 
ranging from 5.9 to 20.2%. It was also 
found that HS interfered with the method 
producing false positive results.  This 
inaccuracy could be corrected using their 
control products [6].

HS and AA were considered among 
seven types of biostimulants [7]. HS 
enhanced crop yields or maintained 
them at reduced nutrients input [8]. 
AA improved plant growth and yields 
[9,10]. Combined HA and AA produced 
synergetic effects for the better 
enhancement of crop growth and yields 
[11,12]. In this current study, wheat 
was grown in outdoor test plots. Two 
products (containing HS and combined 
HS + AA) were applied on soil after 
seeding. HS biostimulant produced 
higher yields (up to 15% over control, 
at 3.8 L/ha rate). HS + AA biostimulant 
produced better yields (up to 17% 
over control, at 3.8 L/ha rate). Higher 
application rates did not produce better 
results. Both products did not improve 
protein contents of the harvested 
wheat, except at 3.8 L/ha of HS + AA 
biostimulant (2% over control). 
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Analysis of Natural Organic Matter Removal 
and Structure Changes Using PEM-
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Natural organic matter (NOM), 
including humic and fulvic acid present 
in drinking water sources and effluents 
from water treatment plants, contributes 
to various environmental issues such as 
the formation of disinfection by-products 
(DBPs), heavy metal complexation, 
and membrane fouling. Recently, 
electrochemical oxidation processes 
have attracted attention as advanced 
treatment technologies capable of 
addressing these challenges. This study 
aims to evaluate the removal efficiency of 
NOM and investigate structural changes 
before and after treatment using proton 
exchange membrane (PEM)-based 
electrochemical oxidation.

Experiments were conducted using 
refractory NOM components, including 
humic acid (HA, 5 mg-C/L as TOC basis), 
protein-like organic matter, bovine serum 
albumin (BSA, 5 mg-C/L) and effluent 
organic matter (EfOM, 5 mg-C/L). A PEM 
electrochemical system was operated 
under a constant current density of 
40mA/cm2, and sodium chloride (NaCl, 
5 g/L) was added as an electrolyte to 
generate hypochlorous acid (HOCl) for 
indirect oxidation. Removal efficiency 

was assessed using dissolved organic 
carbon (DOC), while UV254 absorbance 
and specific UV absorbance (SUVA) 
were analyzed to characterize organic 
matter properties. Furthermore, 
fluorescence excitation-emission matrix 
(EEM), fluorescence index (FI), biological 
index (BIX), humification index (HIX), 
and HPLC-SEC (high-performance 
liquid chromatography–size exclusion 
chromatography) were employed to 
examine structural changes.

Under indirect oxidation conditions, 
DOC removal efficiencies were 34.6% for 
humic acid, 51.1% for BSA, and 49.8% 
for EfOM. Continuous oxidation over 8 
hours resulted in a gradual decrease in 
HIX (1.35 → 0.868) and a shift toward 
lower molecular weight fractions in 
HPLC-SEC analysis, confirming sustained 
degradation of refractory NOM.

This study demonstrates that PEM-
based electrochemical oxidation is 
an effective technology for removing 
refractory natural organic matter and 
altering its structural characteristics. 
The results highlight its potential as 
an advanced water treatment process 
capable of achieving high treatment 
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efficiency with relatively low energy 
consumption. Further studies are 
required to evaluate DBP formation and 
optimize system scalability for practical 
applications.
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Organic matter contribution in the dynamic 
contamination of gunshot residue (GSR) 
in soils of sports shooting clubs
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The increase in the number of 
shooting clubs, driven by political 
movements that promote gun culture, 
raises environmental concerns within 
a One Health framework. Gunshot 
residues (GSR) are rich in toxic elements 
(e.g., Cr, Mn, Ni, Cu, Zn, Cd, Pb, As, 
Hg, and Sb) and pose risks to humans, 
plants, and particularly soils due to 
their high toxicity [1]. These elements 
interact with soil constituents, especially 
organic matter (OM), which plays a key 
role in the geochemical dynamics of 
contaminants, influencing mobility and 
bioavailability [2]. Although previous 
studies demonstrate that firearm activity 
contaminates soils and the edaphic 
environment, they often lack robust 
metrics to quantify contamination. In 
this study, contamination indices were 
applied to assess environmental impact, 
enabling classification of contamination 
severity and evaluation of the relationship 
between OM content and retention of 
toxic elements in the soil cover. Thus, this 
study aimed to evaluate the contribution 
of organic matter to GSR-derived 
contamination in soils from sports 
shooting ranges. Soil samples were 

collected at a shooting club in Recife 
(Brazil), across three shooting ranges (SR) 
and two depth intervals: cover soil (CS: 
0–2 cm) and soil (S: 2–20 cm). A control 
sample (CTRL) was also collected. 
Samples were analyzed for DM, OM, 
TOC, pH, and EC. Toxic elements were 
quantified using EDXRF. The enrichment 
factor (EF), geoaccumulation index (Igeo), 
pollution load index (PLI), and combined 
pollution index (CPI) were calculated. 
PCA was applied to identify patterns 
and reduce dimensionality. pH ranged 
from 5.60 to 10.27 and was higher in 
SR than CTRL, indicating alteration 
of soil chemical properties. Since pH 
influences metal mobility, bioavailability, 
and sorption, these changes have 
geochemical implications [2]. OM 
ranged from 1.36% to 4.82%, with a 
45% increase in soil samples (SR/S) 
compared to cover samples (SR/CS). Pb 
reached the highest concentrations (up 
to 2763 mg kg⁻¹), indicating significant 
accumulation and risk. Cr and Mn also 
showed elevated concentrations (3072 
mg kg⁻¹ and 10 mg kg⁻¹, respectively). 
Other elements, such as Sb and As, were 
determined at lower concentrations. The 
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Igeo for Pb was 4.23, classifying the soil 
as heavily to extremely contaminated. 
For Sb, Igeo ranged from 7.62 to 7.98, 
indicating extreme contamination. CPI 
was highest in SR samples, mainly driven 
by Sb and Pb, reaching 70.94, which 
characterizes a critical contamination 
level. In soil samples (SR/S), CPI reached 
25.71, indicating contamination at 
deeper layers. PCA explained 82% of 
variance (PC1: 70.9%; PC2: 11.1%). PC1 
represented a contamination gradient 
with strong correlations between metals 
and geochemical indices. PC2 correlated 
with As, its indices, pH, and OM/TOC, 
suggesting retention by the organic 
fraction. Overall, OM and pH were 
most associated with contamination 
levels, indicating reduced mobility and 
enhanced retention in the soil surface. 
These findings demonstrate that 
sports shooting alters soil chemistry 
and promotes accumulation of toxic 
elements. Contamination indices 
revealed very high contamination levels, 

particularly for As, Sb, and Hg, even at 
relatively low concentrations. This study 
supports integrated soil preservation 
strategies, highlighting contamination in 
shooting ranges as a shared risk across 
animal, environmental, and human health 
within a One Health framework.
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Soil microorganisms represent the 
largest component of Earth’s biodiversity, 
yet how they respond to multiple 
concurrent environmental stressors 
across large spatial scales remains poorly 
understood. In this study, we conducted 
a comprehensive cross-ecosystem 
field survey to investigate how multiple 
environmental stressors shape soil 
microbial community composition, 
genomic traits, and functional potential. 
Our results show that as the number 
of high-level stressors increases, the 
abundance and diversity of rare microbial 
taxa decrease. In contrast, unknown 
taxa and genes become increasingly 
enriched. Analysis of metagenome-
assembled genomes from common taxa 
revealed that many exhibit resistance or 
positive responses to multiple stressors. 
Using phosphorus (P) cycling functional 
potentials as indicators, we found that 

interactive effects of multiple stressors 
significantly affected the abundance and 
diversity of P-cycling microorganisms, 
and these interactive effects were more 
prevalent than individual stressor effects. 
This suggests that stressor interactions 
strongly influence microbially mediated 
P cycling and P availability in soil. Overall, 
our findings indicate that multi-stressor 
environments drive soil microbial 
communities toward dominance by 
unknown and stress-adapted lineages 
with important implications for 
ecosystem P cycling and functioning 
under global change. 
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To provide a more practically 
relevant assessment of low-energy 
water treatment systems, evaluation has 
increasingly shifted from bulk organic 
matter removal toward disinfection 
by-product (DBP) precursor reactivity, 
as DBP formation potential is governed 
by NOM characteristics rather than bulk 
organic concentration alone, highlighting 
the critical role of NOM composition in 
DBP control [1–2]. In this study, a lab-
scale treatment train consisting of a 
vertical-flow wetland (VF), a horizontal-
flow wetland (HF), and a gravity-driven 
membrane (GDM) was evaluated using 
trihalomethane formation potential 
(THMFP) to assess dissolved organic 
matter (DOM) reactivity.

The VF stage achieved substantial 
dissolved organic carbon (DOC) removal 
of almost 80%, yet specific THMFP 
increased from 0.0030 to 0.0037–0.0062 
µg/mg-DOC. This increase corresponded 
to higher SUVA, enhanced humic-like 
fluorescence, and the persistence of 
intermediate-molecular-weight fractions, 
indicating enrichment in more reactive 
DOM despite bulk removal, consistent 

with previous studies showing that 
microbial transformation preferentially 
enriches aromatic and humified DOM 
fractions [3].  In contrast, the HF stage 
reduced specific THMFP to 0.0007–
0.0024 µg/mg-DOC, accompanied by 
decreased SUVA, lower fluorescence 
intensity, and a shift toward lower 
molecular weight fractions, reflecting 
transformation to less reactive DOM. 
Across the GDM unit, specific THMFP 
further decreased from 0.0113 to 0.0064 
µg/mg-DOC, despite minimal changes in 
DOC (~3.5 to ~4.6 mg/L). This reduction 
was associated with decreased SUVA, 
attenuation of humic-like components, 
and removal of high-molecular-weight 
fractions, indicating selective retention of 
reactive DOM within the fouling layer.

These results demonstrate a clear 
decoupling between DOC concentration 
and DBP formation potential. While 
the VF stage increased DOM reactivity 
through compositional enrichment, 
the HF and GDM stages progressively 
reduced reactivity via transformation 
and selective removal mechanisms. 
Overall, the findings confirm that DBP 
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formation potential is governed by NOM 
characteristics—such as aromaticity, 
fluorescence properties, and molecular 
weight distribution—rather than bulk 
organic concentration alone.
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Using LC-OCD Analyses to Provide Insights into Natural 
Organic Matter Removal During Artificial Infiltration 
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Natural organic matter (NOM) is a 
complex mixture of compounds that 
can substantially impact drinking water 
treatment processes, for example by 
diminishing the adsorption kinetics 
of micropollutants and contributing 
to membrane fouling. Conventional 
parameters, such as total organic carbon 
(TOC/DOC), provide quantitative data on 
total NOM, but don‘t reflect alterations 
in the composition of NOM that may 
occur as a result of varioius treatment 
processes. Liquid chromatography 
with organic carbon detection (LC-
OCD) analysis allows the quantification 
of NOM fractions, defined, in order 
of descending molecular weight, as: 
biopolymers (BP), humic substances 
(HS), building blocks (BB), low molecular 
weight acids (LMW-A), and neutrals 
(LMW-N). Understanding variations in 
the concentration of individual NOM 
fractions during treatment is very helpful 
for optimizing treatment techniques. This 
presentation summarizes research on 
changes in organic matter composition 
during two important processes: artificial 
infiltration (AI) of water from a surface-
water intake and the adsorption of 

microcystin-LR onto powdered activated 
carbon (PAC), using LC-OCD.

Research on the artificial infiltration 
of water from the Warta River in Poland 
revealed a significant efficiency in 
the removal of organic matter, with 
the process revealing a high degree 
of selectivity. The average decrease 
in TOC was 47%, while the decrease 
in BOD5 reached 96%. A significant 
finding was the near-total elimination of 
the biopolymer fraction (average 97%), 
which can be an important contributor to 
membrane fouling. Humic compounds, 
conversely, demonstrated remarkable 
resistance to elimination during AI, with a 
decrease of merely 4.5%.

The variation of the NOM fractions 
is also important for understanding 
MC-LR adsorption. As indicated by 
initial results presented by Jaszczyszyn 
et al. [1], during cyanobacterial blooms 
in two reservoirs in Canada, DOC 
concentrations increased by more than 
40%, accompanied by a substantial 
rise in biopolymer content. LC-OCD 
analyses demonstrated allowed the 
conclusion that humic compounds 
directly compete with MC-LR for active 
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sites within carbon mesopores, due 
to their comparable molecular weight. 
Moreover, biopolymers can hinder 
adsorption kinetics through pore 
blocking and forming structural steric 
barriers, thus limiting the adsorption of 
the toxin into the pores. Wood-based 
activated carbons, characterized by their 
substantial mesopore volume, exhibited 
the lowest adverse effects of background 
NOM during blooms.

An integrated examination of 
treatment processes indicates that 
artificial infiltration can act as a very 
efficient „biopolymer filter,“ forming a 
robust barrier for the elimination of at 
least some organic components and 
improving the quality of the collected 
surface water prior to potential 
membrane operations. Considering 
the dynamic fractional changes in 
NOM during PAC adsorption allows the 

appropriate selection of adsorbents 
(ideally mesoporous carbons) and 
facilitates the optimization of the 
adsorption process, to make it less 
affected by variations in raw water 
quality.
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Tropical soils exhibit low Nutrient 
Use Efficiency (NUE) due to rapid P 
fixation and K leaching. Controlled-
Release Fertilizers (CRF) mitigate this. 
This study formulated a CRF using 
charcoal fines (CF). Native CF presents 
high aromaticity and hydrophobicity [1]. 
The CF carbonaceous matrix supported 
the nucleation of K and P crystals. 
The core was stabilized via ionotropic 
gelation in an alginate network. The 
objective was to characterize the 
composite structure and evaluate its 
nutrient and dissolved organic carbon 
(DOC) release kinetics. CF underwent 
impregnation to induce K2HPO4 and 
KH2PO4 neoformation [2], followed by 
calcium alginate encapsulation. Structure 
was characterized by X-Ray Diffraction 
(XRD) and Scanning Electron Microscopy 
(SEM). Functionality was evaluated 
through swelling kinetics (pH 4.5, 6.5, 
and 7.0). Matrix stability was assessed via 
TOC analysis (DOC quantification) and 
UV-Vis spectroscopy (E2/E3 indices). As 
result, morphological analysis via SEM 

indicated the surface occlusion of the 
carbonaceous matrix. The CF surface 
exhibits open hexagonal macropores 
common in biomasses. In contrast, 
the Alg-CF-KxHyPO4 surface appears 
sealed by a dense framework of tabular 
crystals. This crystallization correlates 
with the halite and sylvite phases 
identified by XRD and acts alongside the 
alginate matrix to occlude the original 
porosity, establishing a hybrid physical 
barrier that modulates mass transport. 
The functional performance of the 
composite suggests a pH-responsive 
system. Swelling kinetics revealed 
that the polymeric network remains 
collapsed in an acidic medium at pH 4.5 
with expansion below 30%, providing 
protection in tropical soils, while 
expanding in a neutral medium at pH

7.0 via Super Case II transport. The 
suppression of maximum swelling from 
1859% in the pure alginate polymer to 
965% in the final product indicates matrix 
densification by charge screening, where 
high internal ionic strength restricts 
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expansion. Regarding environmental 
dynamics, the encapsulation selectively 
retained 93% of the labile organic 
load by reducing dissolved organic 
carbon leaching from 296 mg L⁻¹ in the 
intermediate formulation to 20.8 mg L⁻¹ in 
the final granule. The increase in spectral 
indices within the leached fraction 
supports this retention mechanism. 
Comparing the precursor CF to the final 
product, an E2/E3 rise from 2.40 to 4.16 
and an S275-295 increase from 0.0078 
to 0.0122 nm⁻¹. As conclusion, the Alg-
CF-KxHyPO4 composite establishes 
a physical barrier that controls mass 
transport and retains 93% of labile 
carbon. These properties support CF 
valorization as a CRF for tropical soils. 
Future research requires long-term soil 
incubation to quantify K and P release 
kinetics.
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Humic acids (HAs) from black soils, 
such as Andosols and Chernozems, 
exhibit similar properties, including high 
aromatic carbon content and a high 
degree of humification, despite differing 
formation conditions. Although the 
causes of these similarities are not fully 
understood, they have been partially 
attributed to the presence of charred 
plant residues, such as black carbon 
(BC), as suggested by other authors 
[1,2]. Black carbon is a stable product 
of incomplete biomass combustion that 
can persist in soils over long periods 
and has gained increasing attention. 
However, the characterization of black 
carbon specifically within humic acids 
has received relatively little attention. 
Therefore, this study aimed to evaluate 
the contribution of BC to the composition 
of humic acids by comparing its content 
within a humic acid inventory. The BC 
content of 50 humic acid samples from 
diverse soils was estimated to assess 
its distribution and relationship with 
aromatic carbon. BC was quantified 
using the benzene poly-carboxylic 

acid (BPCA) method, which involves 
oxidation of aromatic structures followed 
by analysis of BPCA compounds, as 
described in previous studies [3]. Initially, 
quantification was performed using 
high-performance liquid chromatography 
(HPLC), and subsequently, a total organic 
carbon (TOC) analyzer was evaluated 
as a simplified alternative. The results 
showed that Chernozems and Andosols 
presented higher BC content (13–33% 
of total carbon, expressed as BC%) 
compared to forest soils (7–9 BC %). A 
positive relationship between BC and 
aromatic carbon was observed (r = 0.77, 
p < 0.05), indicating that HAs from most 
black soils with high aromaticity also 
contained elevated BC levels, supporting 
the contribution of charred residues 
to their composition. However, the 
distribution of individual BPCAs did not 
show a clear relationship with soil type, 
and no significant enrichment of highly 
substituted BPCAs (B5CA and B6CA) 
was observed in black soils, suggesting 
variability in BC structure. Comparison 
of analytical methods revealed a strong 
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positive correlation between HPLC 
and TOC results (r = 0.94, p < 0.05), 
although TOC-based measurements 
tended to yield slightly higher BC values 
and showed greater consistency, in 
agreement with previous findings [4]. 
This difference may be associated with 
potential sample losses and uncertainties 
in conversion factors inherent to the 
HPLC-based approach. Overall, the TOC 
method demonstrated greater versatility 
and operational simplicity. These findings 
indicate that, for studies focused on BC 
estimation in large sample sets, the use 
of a TOC analyzer represents a suitable 
and efficient alternative, although it does 
not provide information on individual 
BPCA composition.
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TA3

Land-Use Impact on SOM Transformation
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The primary objective of our research 
is to identify the factors that correlate 
humins, humic and fulvic acids in 
soils across different land uses. The 
investigation aims to determine what has 
a dominant influence on the structure 
of selected fractions of soil organic 
matter: soil origin, fertilization type 
(organic or inorganic), or crop variety. 
By combining classical and advanced 
analytical methods, this approach 
could be effective and promising for 
uncovering the influence of agricultural 
practices on SOM composition and the 
impacts on soil health and productivity. 
By understanding these relationships, 
we can develop more sustainable 
agricultural practices that enhance 
soil quality and promote ecosystem 
resilience.

This study investigates the 
compositional and structural changes 
in SOM influenced by varying land-use 
management across three long-term 
experimental fields: BRO - Broadbalk 
(UK) field experiment with mineral and 
manure fertilization (178-years), Chromic 
Luvisol SKI - Skierniewice (PL) field 
experiment with manure fertilization 
(100-years), Luvisol NO - Noreikiškės 

(LT) field experiment with mineral and 
organic fertilization (54-years), Cambisol. 
Humins, humic, and fulvic acid fractions 
were extracted using the method 
recommended by IHSS. 

The isolated fractions were then 
subjected to qualitative and quantitative 
analyses using advanced techniques 
(NMR, FTIR-ATR, EPR) and elemental 
analysis. Principal Component Analysis 
(PCA) was used to visualize the complex 
analytical data. 

The elemental composition of 
humin showed a higher O/C ratio in soil 
without organic fertilization. Manuring 
significantly increased the H/C ratio 
compared with NPK and the control, 
reflecting the higher aromaticity of SOM 
fertilised with organic fertilisers. The 
results correlated with the calculated 
areas of FTIR-ATR spectra. 13C CP 
MAS NMR spectra also confirmed these 
findings; however, the lower content of 
aromatic structures of samples from 
crops treated with manure without NPK 
indicated the importance of inorganic soil 
additives.

Results of Principal Component 
Analysis showed that the greatest impact 
on the structure of different fractions of 
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SOM has its origin. Similar findings were 
obtained separately for NMR, FTIR-ATR, 
and EPR. The concentration of radicals 
was almost 10x higher for humins from 
SKI, while the higher g-parameters were 
established for BRO. Within the groups 
BRO and NO, it could be found that 
control samples, without any additives, 
differ from the rest of the samples. 
A similar finding was observed for other 
SOM fractions.

Organic fertilization and soil 
management play a key role in shaping 
soil fertility, influencing several physical 
and chemical properties of the soil 
and its organic fractions. The addition 
of manure significantly affected the 
structure of SOM, increasing the number 

of aliphatic components, in contrast to 
the soil fertilized with NPK. This shift 
in composition suggests that organic 
amendments can enhance the soil‘s 
nutrient retention and improve overall 
soil health. As a result, adopting organic 
practices not only benefits crop yields 
but also contributes to sustainable 
agricultural systems. 
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TA4

Effects of Biochar and Sodium (Na)-Based Fertilizers 
on Soil Fauna Abundance, Soil Chemical Properties, 
Yields and Nutrients Uptake of Telfairia Occidentalis.
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Obafemi Awolowo University, Ile-Ife, Nigeria

	 2	 Department of Crop Production and Protection, Faculty of Agriculture, Obafemi Awolowo 
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Introduction
Tropical soils are characteristically 

infertile due to low activity clay minerals, 
low cation exchange capacity (CEC) and 
low organic matter content. Currently, 
advent of climate change menace has 
further worsened soil productivity thus 
require a stable soil organic matter 
addition technology. Biochar, a pyrolyzed 
organic residue has been reported to be 
capable of increasing soil organic matter 
content and build-up, which foster soil 
organism proliferation and improve soil 
fertility.

Materials and methods
The study was carried out at the 

Teaching and Research Farm, Obafemi 
Awolowo University, Ile-Ife, Southwest 
Nigeria Ife (between latitude 7o 31’N 
and 7o 33’ N and longitudes 4o 33’ E 
and 4o 34’ E). Bulk soil samples were 
collected at 0-15 cm depth before 
fertilizer application for routine analyses. 
The experiment consisted eight (8) 
treatments comprising: Control (C), 400 
kg Inorganic Fertilizer (NPK -5:15:15) 
ha-1 (IF), 400 kg NPK ha-1 + 4 kg Na 

ha-1 (IFNa), 200 kg NPK ha-1 + 5 tons 
Organic Fertilizer (OF) ha-1 (IFOF), 400 kg 
NPK ha-1 + 10 tons Biochar ha-1, (IFBi), 
200 kg NPK ha-1 + 5 tons OF ha-1 + 4 
kg Na ha-1 (IFOFNa), 400 kg NPK ha-1 
+ 10 tons Biochar ha-1 + 4 kg Na ha-1 
(IFBiNa) and 200 kg NPK ha-1 + 10 tons 
Biochar + 5 tons OF ha-1 + 4 kg Na ha-1 
(IFOFBiNa) laid out in a Randomized 
Complete Block Design and replicated 
three times. Organic fertilizer and 
biochar were incorporated into the soil 
two weeks before planting while NPK 
and Na were applied in equal splits; at 
3 and 7 weeks after planting on 2 m x 2 
m bed with plant spacing of 1 m x 1 m 
between and with plants. The second 
planting was carried out to assess the 
residual effects of the treatments on the 
parameters determined. Data on soil 
fauna were collected in September, the 
peak of raining season in South western 
Nigeria. Macrofauna and mesofauna 
were estimated using Tropical Soil 
Biology and Fertility (TSBF) and 
Berlese-Tullgren extraction procedures 
respectively. Soil pH, organic matter and 
other nutrient elements were evaluated. 
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Number of leaves, Length of primary vine 
and leaf greenness were determined 
at weeks 7 and 9; resh shoot yields 
at weeks 10 and 13 and fruit yield at 
harvest were determined. Data collected 
were subjected to analysis of variance 
using SAS and treatment means were 
separated with Duncan’s Multiple Range 
Test at 0.05 probability level.

Results and Discussion
The results showed that Na-based 

biochar fertilizers sources (IFBiNa and 
IFOFBiNa) had positive effects on all soil 
chemical, soil fauna and plant’s yield 
parameters.

The soil Collembola increased by 
156.5% and 120.3% respectively with 

treatments IFBiNa and IFOFBiNa while 
Lumbricidae had 926% and 900% 
increase respectively over the control. 
However, Diptera abundance was 
dominant in IFBiNa and IFBi with 478% 
and 417% increase while the Isoptera 
higher in IFOFBiNa and IFBiNa with 
460.9% and 417.4% increase respectively 
relative to the control. The residual 
effects followed the pattern of the main 
effect. Soils that received biochar and/
or Na recorded significantly higher 
fauna abundance due to organic matter 
addition and nutrient supply effects of 
biochar. Soil fauna activities in return, 
enable organic material mineralization, 
cycling and redistribution of nutrient 
minerals within the soil.

Figure 1: Effect of the fertilizer type on fauna abundance

Figure 2: Effect of the fertilizer type on soil pH and organic matter



BOOK OF ABSTRACTS 

169IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Friday, 28 August 2026 / Hall C � Travel Awardee Presentations

Figure 3: Effect of the fertilizer type on Yields of T. occidentalis 
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Sodium-based biochar (IFBiNa) 
raised soil pH from 4.06 to 4.72 while 
organic matter was increased from 1.67 
– 2.01 cmolkg-1 in soil cultivated with 
T. occidentalis (Figure 2). Treatments 
IFBiNa and IFOFBiNa sequestered soil 
OC by 181% and 169% respectively while 
IFBiNa had the highest N increase of 
12.8% relative to control. Exchangeable 
cations responded positively to Biochar- 
and Na-based fertilizers and were 
maintained above critical minimum levels.

Treatment IFBiNa recorded highest 
number of leaves, vine lengths, shoot 
and fruit yields, in both main and residual 
experiments (Figure 3). Application 
biochar and Na-based fertilizer improve 
organic matter addition and fauna 

abundance in soil and thus nutrient 
uptake and yields of T. occidentalis.

Significant increase in main and 
residual shoot biomass (M-shoot, 
R-shoot), main and residual fruit yields 
(M-fruit, R-fruit), respectively by biochar-
containing treatments were credited 
to SOM addition, mineralization and 
nutrient availability tendencies of biochar 
and fauna synergy.

Conclusion
The study concluded that Na-based 

biochar or its combination with organic 
fertilizer (IFBiNa or IFOFBiNa) improved 
soil biological and chemical functions 
leading to improved soil quality and 
productivity with resultant yields increase 
in T. occidentalis.
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TA5

Biostimulants Based on Humic Substances 
and Bacterial Consortia Modulate 
Soybean Microbiome and Growth

Ildeane Silva de Oliveira¹*, Letícia Cespom Passos¹,  
Diego Vinicius de Sena Martins¹, Letícia Oliveira da Rocha¹,  
Daniel Basílio Zandonadi², Fabio Lopes Olivares¹

	 ¹	 Cell and Tissue Biology Laboratory, Center of Biosciences and Biotechnology, Darcy Ribeiro 
North Fluminense State University, Campos dos Goytacazes, RJ, Brazil.

	 ²	 Federal University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil.
	 *	 Corresponding author: ildeane1212@gmail.com

Biostimulants based on humic 
substances and plant growth-promoting 
bacteria have shown significant potential 
to enhance plant growth and modulate 
microbiome assembly [1]. However, 
their integrated effects across the 
rhizosoil-root continuum remain poorly 
understood [2]. Two complementary 
experiments were conducted 
with soybean (Glycine max) under 
greenhouse conditions: (i) determination 
of the most efficient concentration of 
a commercial HS-enriched biofertilizer 
based on morphological responses; and 
(ii) evaluation of how this concentration, 
combined with a bacterial consortium 
(Herbaspirillum seropedicae strain 
HRC54, Bradyrhizobium japonicum 
strain BR102, and B. elkanii strain 
BR115), modulates bacterial diversity 
using 16S rRNA gene sequencing. 
Co-inoculation with H. seropedicae 
and HS has demonstrated significant 
efficacy in promoting vegetative growth 
and nodulation in this legume [3]. In 
Experiment I, a concentration of 8 mg 
C L⁻¹ yielded the highest accumulation 

of shoot fresh biomass (+131% vs. 
8.2 g in the control) and enhanced 
morphophysiological performance, 
including +74% increase in leaf area 
(497.5 cm² plant⁻¹) and a 64% increase 
in shoot length (45.8 cm). In Experiment 
II, 16S rRNA gene sequencing analyses 
revealed an ecological filtering gradient 
characterized by higher soil richness 
and more pronounced specialization 
of microbial communities within the 
roots. These treatments facilitated the 
enrichment of taxa involved in nitrogen 
cycling and carbon turnover, driven by 
functional selection in the rhizosphere 
[2]. Collectively, these results indicate 
that HS-based biostimulants and 
bacterial consortia intensify ecological 
filtering along the soil-rhizosphere-root 
gradient [4], resulting in more specialized 
and functionally enriched microbial 
communities [5]. These findings validate 
the combined use of HS and bacterial 
consortia as a promising strategy for 
optimizing the soybean microbiome 
and promoting sustainable agricultural 
productivity.
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TA6

Soil Organic Carbon Stocks and Stabilization 
Mechanisms Along Shading Gradients 
in Agri-Photovoltaic Systems
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Agri-photovoltaic (Agri-PV) systems 
are expanding rapidly in Europe as a dual 
land-use strategy for simultaneous food 
and energy production. By introducing 
structured shading and modified 
microclimates, Agri-PV may reshape 
soil organic carbon (SOC) stocks and 
stabilization pathways through altered 
moisture, temperature, and biomass 
return. SOC responses to Agri-PV 
nonetheless remain poorly characterized, 
and to the authors’ knowledge no 
published study has combined functional 
SOC fractionation with spatially explicit 
under-panel (UP) versus inter-panel gap 
(GAP) sampling. This study quantified 
bulk SOC and the distribution of carbon 
among functional fractions in two 
contrasting Agri-PV systems and their 
paired conventional fields.

Two Agri-PV systems installed in 
October 2021 in Morschenich-Alt (North 
Rhine-Westphalia, Germany) were 
sampled in June 2025, four years after 
installation. These comprised a south-
facing fixed-tilt array for horticulture 
(Area 2; 20° tilt, 4.3 m mounting height) 
and an east–west single-axis tracker 
dedicated for crops (Area 4; 6.0 m 
mounting height). Each system was 
paired with an adjacent conventionally 
managed control field of the same silt 
loam soil (≈5% sand, 15% clay, 80% silt) 
and similar long-term management. 
Soil was sampled from 0–30 cm at 144 
points along six UP–GAP transects per 
field, with the control geometry mirroring 
the Agri-PV layout. Soil organic matter 
was separated by density fractionation 
with sodium polytungstate (1.8 g cm⁻³) 
using position-specific sonication 
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energies calibrated to 99% clay 
dispersion, yielding the free-light (FLF), 
occluded-light (OLF), and heavy (mineral-
associated organic carbon, MAOC) 
fractions. Carbon concentrations were 
determined by EA-IRMS, and stocks were 
calculated from soil bulk density. Within-
field-pair contrasts were tested with 
linear mixed-effects models.

In the Horticultural-PV, bulk SOC 
stocks were 26.9 to 31.6% lower beneath 
panels than at matched control positions, 
with an area-integrated bulk SOC stock 
deficit of 19.1% (−11.23 Mg C ha⁻¹). All 
three fractions (FLF, OLF, and MAOC) 
were lower in Agri PV than in the paired 
control. Within the Agri-PV field, FLF and 
OLF also showed an opposing spatial 
pattern between UP and GAP positions. 
FLF was depleted in UP positions, 
whereas OLF was relatively enriched, 
a pattern that was absent in the paired 
control and therefore suggests panel 
induced microenvironmental drivers 
rather than background variability. In 
the Crops-PV, area-integrated bulk SOC 
stock remained close to control (−1.4%, 
−0.81 Mg C ha⁻¹, non-significant). Within 
the Agri-PV field, FLF and OLF showed 
contrasting spatial patterns. FLF was 
consistently higher beneath panels, 
significantly so in the center and east 
subzones, whereas OLF was generally 
enriched in gaps, particularly in the west 
and east. MAOC showed little evidence 

of systematic UP–GAP redistribution, 
although a localized/marginal decrease 
beneath panels was observed in the 
center.

Within these two field pairs, Agri-
PV did not affect SOC uniformly rather 
system architecture appeared to 
reorganize functional carbon pools, 
with the Horticultural-PV associated 
with both lower bulk SOC and altered 
fraction-level partitioning, and the 
Crops-PV associated with fraction-level 
redistribution but near-conventional 
bulk SOC. Because each Agri-PV system 
was paired with a single control field 
and no pre-installation baseline data 
were available, inference is restricted to 
within-field-pair contrasts rather than to 
generalizable Agri-PV effects.

The findings nonetheless indicate that 
bulk SOC monitoring alone may overlook 
early-stage shifts in carbon stabilization 
under Agri-PV, and that spatially explicit, 
fraction-resolved sampling is needed to 
support soil-carbon-informed evaluation 
of Agri-PV deployment.
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Despite increasing investments in 
clean energy, coal extraction remains 
relevant, particularly in emerging 
economies. In the Candiota coal mine, 
the largest active coal mine in Brazil, 
post-mining soils (minesoils) exhibit 
poor structure but clayey texture, which 
may favor reaggregation and carbon 
stabilization. Soil aggregation plays a 
central role in structural recovery and 
organic carbon protection in disturbed 
systems. This study investigated 
relationships between soil organic 
matter (SOM) composition and carbon 
sequestration in different physical pools 
of reconstructed minesoils after 20 years.

The soil was reconstructed after 
mining in 2003 at the Candiota Coal 
Mine (Rio Grande do Sul, Brazil), where 
a randomized block experiment with 
perennial grasses (Hemarthria altissima, 
Cynodon dactylon and Urochloa 
brizantha) was established. After 
20 years, samples from two depths 
(0.00–0.05 and 0.05–0.10 m) were 
analyzed for SOM composition by solid-
state ¹³C CP/MAS NMR spectroscopy. 

Aggregates were classified according 
to their morphological characteristics 
into compressive, decompressive, 
physicogenic and biogenic, representing 
the proposed aggregation pathways 
and recovery stages of the studied 
minesoil. Aggregate-associated TOC and 
grass-derived carbon contribution were 
quantified.

The SOM under Urochloa brizantha 
exhibited the greatest relative 
contribution of O-alkyl in the surface 
layer, indicating a dominance of 
carbohydrate-rich compounds derived 
from recent plant inputs and/or microbial 
processing. In contrast, SOM under 
Hemarthria altissima and SOM under 
Cynodon dactylon showed comparatively 
greater proportion of Alkyl C and 
Aromatic C than SOM under Urochloa 
brizantha but still the O-alkyl groups 
dominated the SOM composition. With 
increasing depth, chemical composition 
of SOM under Urochloa brizantha 
changed minimally, whereas in SOM 
under Hemarthria altissima and SOM 
under Cynodon dactylon an increase of 
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O-Alkyl and a decrease of Alkyl C and of 
Aromatic C proportions.

Biogenic aggregates contributed 
proportionally more to aggregate-
associated TOC in the surface layer, 
particularly under U. brizantha (38%), 
indicating a stronger influence of plant-
driven aggregation near the soil surface. 
In contrast, at 0.05–0.10 m increased 
contributions of physicogenic (43% in C. 
dactylon, 38.5% in H. altissima and 36.7% 
in U. brizantha) and decompressive 
aggregates (39.2% in C. dactylon, 38.5% 
in U. brizantha and 33.9% in H. altissima), 
reflecting a different aggregation 
pathway compared to surface layers. 
Compressive aggregates contributed 
minimally to TOC across all treatments 
(0%–7.3%), confirming that such 
aggregates result from compaction of 
minesoil during landscape shaping after 
mining activities, and not from biological 
processes mediated by plants and 
microbes.

The combined analysis of aggregate-
associated TOC and soil chemical 
composition indicates that plant-
derived, carbohydrate-rich carbon 
under U. brizantha is preferentially 
incorporated into soil structure through 
biogenic aggregation in surface layers in 
comparison to the other two grasses. In 

general, subsurface layers are dominated 
by physicogenic and decompressive 
pathways, which are primarily associated 
with the physical redistribution and 
stabilization of soil organic carbon rather 
than with recent plant-derived inputs. 
This is corroborated by the higher 
contribution of grass-derived carbon 
under U. brizantha, suggesting more 
effective soil reaggregation compared 
to the other grasses and supporting the 
predominance of biogenic aggregation 
driven by root-derived organic matter, as 
indicated by the high O-alkyl content.

We found that carbon allocation in 
minesoils is controlled by the interaction 
between aggregation pathways and 
organic matter transformation, with 
root-derived inputs and O-alkyl-rich 
organic matter under U. brizantha being 
preferentially incorporated through 
biogenic reaggregation, which showed 
the highest contribution of aggregate-
associated total organic carbon.
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Biodynamic field-spray preparation 
500 is produced by an anaerobic 
humification of cow manure inside 
bovine horns and is reported to yield 
a humus-like material enriched in 
condensed aromatic residues arising 
from only partial lignin degradation 
[1]. Because anaerobic humification 
pathways are fundamentally different 
from the oxidative aerobic mechanisms, 
this study investigated the molecular 
characteristics of humic acids (HAs) 
derived from preparations 500 and 
compared them to those formed during 
conventional aerobic composting. 

All laboratory work followed 
standardized IHSS procedures for humic 
substances isolation, purification and 
characterization [2]. Briefly, after sample 
homogenization and freeze-drying, 0.5M 
NaOH was applied to extract natural 
organic matter, followed by acidification 
with HCl:H2O (1:1). The isolated HAs 
were purified until Cl- free and were 
freeze-dried before being characterized 
by CHNS/O elemental analysis and solid 

state 13C-CPMAS-NMR. Elemental 
ratios of O/C, H/C and C/N were used 
to evaluate the oxidation state and 
hydrophobicity of the HAs. HB/HI, A/OA, 
ARM and LigR indices were calculated 
as presented in [3]. ARM/LigR ratio was 
recently found to be a good index of the 
abundance of free phenolic radicals in 
HAs [4].

Elemental analysis and solid-state 
13C-CPMAS-NMR spectra revealed 
clear and systematic compositional and 
structural differences between HAs 
extracted from biodynamic materials and 
those from conventional composts. The 
spectrum of the biodynamic compost HA 
is mainly aromatic and phenolic (46.4%), 
in respect to this of the conventional 
compost HA (23.3%). This is consistent 
with the high O level that was found by 
elemental analysis. Hence, it seems that 
the anaerobic conditions of formation of 
the biodynamic products are preserving 
the functional groups of HA. Therefore, 
biodynamic HA resembles that of a lignite 
HA, with a lower lignin ratio and a higher 



BOOK OF ABSTRACTS 

177IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Friday, 28 August 2026 / Hall C � Travel Awardee Presentations

free phenolic radical content in respect to 
soil HA [2]. Conversely the conventional 
compost-derived HA shows strong 
aliphatic and O-alkyl signals, reflecting 
abundant residual lipids, cellulose/
hemicellulose and microbial by-products, 
similar to those of a soil HA [2]. These 
results suggest that humic acids derived 
from biodynamic horn manure are 
molecularly and chemically distinct from 
those formed during standard aerobic 
composting.

 This study shows that the 
biodynamic 500 preparations produce 
humic acids that are more aromatic, 
condensed and chemically stable 
(composed e.g. by phenols, flavonoids, 
etc.) than those formed by conventional 
composting. Compost-derived HAs 
remain richer in aliphatic and O-alkyl 
carbon. Overall biodynamic horn-manure 
generates a structurally unique and 
potentially more chemically active humic 
material [1]. Further research to these 
humics on the molecular level can be 

fundamental for a better understanding 
on the humification pathways and their 
bioactivity towards plants.

References
1.	 A. Piccolo, M. Drosos, Chemical and Biological 

Technologies in Agriculture 12 (2025) 21.

2.	 M. Drosos, M. Jerzykiewicz, Y. Deligiannakis, 

Journal of Colloid and Interface Science 332 

(2009) 78-84.

3.	 H. Monda, V. Cozzolino, G. Vinci, M. Drosos, D. 

Savy, A. Piccolo, Plant and Soil 429 (2018) 407-

424.

4.	 A. Vitti, L. Coviello, M. Nuzzaci, G. Vinci, Y. 

Deligiannakis, E. Giannakopoulos, D. Ronga, 

A. Piccolo, A. Scopa, M. Drosos, Chemical and 

Biological Technologies in Agriculture 11 (2024) 

92.

Acknowledgement
We would like to thank the IHSS for 
providing Maurizio Marrese with a Travel 
Award to participate in the 23rd IHSS 
Meeting in Brno, Czech Republic.  



IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

BOOK OF ABSTRACTS 

178

Poster Session / Analysis and Characterization� Hall A
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Investigation of Humic Acid-
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In natural waters, the speciation of 
trace elements and heavy metals—and 
consequently their transport, mobility 
and ecotoxicological impact—is largely 
controlled by dissolved organic matter 
(DOM). Through complex formation 
and colloidal stabilization, DOM can 
alter the ratio between “free” and 
bound metal fractions. Complex 
formation is often accompanied by 
subtle functional-group transformations 
and conformational or matrix-related 
structural rearrangements. For the 
quantitative and structural interpretation 
of this process, the integrated evaluation 
of several spectroscopic perspectives, 
including UV–Vis, fluorescence and 
FTIR spectroscopy, is highly justified. 
Heterospectral two-dimensional 
correlation methods are particularly 
useful in this respect, as they support 
the separation of overlapping signals 
and help reveal the sequence of spectral 
changes.

The aim of this work was to 
characterize the interaction between 
humic acid and copper(II) in aqueous 
medium using absorbance, synchronous 
fluorescence and FTIR measurements, 
combined with two-dimensional 

correlation spectroscopy (2D-COS). 
Humic acid samples were titrated with 
CuCl₂, followed by a 24-hour equilibration 
period, after which part of the 
samples was filtered. Absorbance and 
synchronous fluorescence spectra were 
recorded for both filtered and unfiltered 
fractions. The remaining samples were 
lyophilized and subsequently analyzed by 
FTIR spectroscopy.

At low Cu²⁺ concentrations, the 
absorbance spectra showed increasing 
absorbance and shoulder formation, 
whereas at higher concentrations 
changes in the shape and decrease 
of the spectra indicated precipitation. 
Based on the differential logarithmic 
absorbance spectra, the main changes 
were associated with the 240–280 nm 
and 325–375 nm regions, suggesting 
the dominant role of carboxylate and 
phenolic binding sites.

In the synchronous fluorescence 
spectra, concentration-dependent 
quenching of the humic-like regions 
at approximately 395 and 465 nm was 
observed. In the filtered samples, a new 
peak appeared at around 300 nm. Based 
on CuCl2 calibration and the filtered 
samples, it was established that 25 mg/L 
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humic acid was capable of binding, 
on average, approximately 8 mM Cu²⁺. 
According to the synchronous correlation 
spectrum, the main change associated 
with increasing Cu²⁺ concentration was 
a decrease at 395 and 465 nm, while a 
slight increase was observed in the UV 
region. The asynchronous spectrum 
indicated that the change in the UV 
region preceded the decrease observed 
in the visible region.

The infrared spectra allowed the 
identification of vibrations associated 
with humic acid functional groups 
at 1100, 1350, 1400, 1620, 1660 
and 1720 cm⁻¹.In the synchronous 
correlation spectrum, the main 
changes were associated with these 
same wavenumbers. Based on the 
asynchronous spectrum, we established 

the following order: the carboxylate 
region (1400–1600 cm⁻¹) is dominant in 
copper binding, while the region between 
850 and 1100 cm⁻¹ corresponds to 
structural rearrangement due to complex 
formation.

Based on the heterospectral FTIR–
fluorescence correlation, fluorescence 
quenching changes in parallel with 
the changes detected in the carboxyl/
phenolic and polysaccharide-like 
regions of the FTIR spectra. Our results 
demonstrate that Cu²⁺ binding affects 
several functional groups of humic acid, 
and that fluorescence quenching is a 
process coupled with structural changes.

Keywords: humic acid; Cu²⁺; complex 
formation; synchronous fluorescence; 
FTIR; 2D-COS
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Ultrahigh resolution mass 
spectrometry analysis of organic 
matter (OM) in samples which contain 
components with high numbers of 
non-oxygen hetero-atoms, e.g. nitrogen 
and sulfur, is challenging with respect to 
multiple formula assignment (MultiAs). 
Several replacement pairs specific to 
the number of nitrogen and / or sulfur 
had been reported which led to MultiAs 
with extreme low mass differences (∆m). 
The replacement of 5 N, 2 S and 3 H 
by one 13C, 5 12C, and 4 O atoms (∆m = 
0.027 mDa) was already addressed in 
2015 [1]. The 13C1 isotopologues were 
shown to be the more reliable MFs, 
rendering MF with multiple non-oxygen 
heteroatoms implausible [1,2]. Similarly, 
the replacement of 2 N, 3 S and 8 H by 
7 C and 3 O, the CHO components were 
evidenced to be more reliable compared 
to the corresponding N2S3 components 
[2]. While the replacement pairs with low 
∆m among MultiAs with few nitrogen / 
sulfur atoms were well investigated for 
real DOM samples [2,3], those MultiAs 

with replacements of sulfur atoms by 
nitrogen atoms were reported earlier 
[1] but their reliability was not fully 
addressed. To overcome this research 
gap, the water extractable organic matter 
in sediment samples from a fish pond has 
been analyzed by Fourier-transform ion 
cyclotron resonance mass spectroscopy 
coupled with liquid chromatography 
[4]. For molecular formula assignments, 
detected mass peaks were assigned 
for the mass range 150 – 1000 Da with 
an error threshold of 1 ppm using in-
house software. Up to 8 14N and 3 32S 
were allowed during molecular formula 
assignment, along with up to 122 H, 
40 O, 60 12C, 1 13C and 1 34S.

The resulting data set involved most 
MultiAs from replacement of one S, 
8 C and 4 H by 6 N and 3 O (denoted 
as N6/S1) with ∆m of 0.182 mDa, and 
showed major relevance on evaluation 
of reliability of components. The second 
prevalent MultiAs (∆m = 0.469 mDa) 
was found by replacement of 2 S and 8 
H by 4 N and 1 O (denoted as N4/S2). A 



BOOK OF ABSTRACTS 

181IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Analysis and Characterization

considerable number of potential N6 (and 
N7 and N8) components showed typical 
protein-like van Krevelen coordinates (0.2 
< O/C < 0.65 and 1.5 < H/C < 2), whereas 
the corresponding S1 (and N1S and N2S) 
components showed elsewhere (H/C < 
1.5 and O/C < 0.3).  In total 960 amino 
acid combinations could be assigned to 
the N6, N7 and N8 molecular formulas 
and supported their reliability versus 
the corresponding S1, N1S1 and N2S 
substitutes. As an example, for the 
component C18H28N6O9 (m = 472.191779 
Da) the possible oligopeptide solutions 
Thr-Ser-His-Glu, Pro-Asp-Asn-Gln, 
Asp-His-Thr-Thr were found and the 
corresponding S1 version C26H32O6S1 
(m = 472.191961 Da) could be regarded 
as less reliable. In contrast, C17H28O3S1 
(m = 312.175916 Da) had to be regarded 
as reliable because the corresponding 

isotopologue C17H28O3
34S1 was detected. 

Thus, the corresponding N6 version 
C9H24N6O6 (m = 312.175734 Da) had to be 
regarded as less reliable.

Addressing formula assignment 
specific to multiple nitrogen and sulfur 
atoms can yield broader environmental 
implication from the analysis of 
aquacultures, sewage or effluents from 
waste water treatment plants, which 
contain biomolecules with both elevated 
amounts of protein-like material and 
sulfur-organic components.
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Interactions Between Fulvic Acids and Model 
Pharmaceuticals Using Isothermal Titration Calorimetry
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The usage of pharmaceuticals 
increases worldwide every year. The 
residues of these substances are 
excreted by human or animal bodies 
and thus come into direct contact 
with the environment, mainly soil and 
ground water. The accumulation of 
pharmaceuticals in natural ecosystems 
may be problematic in the future 
therefore the knowledge of their 
behavior, transport and interactions 
in the ecosystems is essential for their 
treatment. The most reactive substances 
in soil are humic as well as fulvic 
substances [1]. 

Two fulvic acids stand as the model 
reactants with different pharmaceuticals 

in this study. These reactive compounds 
contain several kinds of active functional 
groups, such as hydrophilic hydroxylic 
or carboxylic groups, and diverse 
hydrophobic structures. The interactions 
between fulvic acids and solutions of 
pure drugs were studied by isothermal 
titration calorimetry. The aim of the study 
was to observe the heat effects of the 
interactions and to describe the intensity 
of the binding process which was 
influenced also by the presence of metal 
cations at different concentrations.
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Agricultural Nonpoint Source Pollution Control: 
Effects of Biochar and Microbial Amendments 
on Nutrient Loss and Carbon Footprint
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Over the years, conventional farming 
has used chemical fertilizers excessively 
to maintain crop yields to meet the food 
demand for an increasing population. 
However, overfertilization in farmland has 
stressed the environment and hindered 
the transition to sustainable agriculture. 
Excessive fertilization operations 
cause several environmental issues, 
including non-point source pollution 
(NPSP), soil acidification, nutrient loss, 
water eutrophication, and greenhouse 
gas emissions. Apart from structural 
best management practices as end-
of-pipe pollution removal treatments, 
source-control strategies, such as 
organic farming, slow-release fertilizers 
application, and precision agriculture, are 
mitigation strategies for non-point source 
pollution. Other innovative strategies for 
NPSP control include the application of 
biochar and microbial agents in farming, 
which help to reduce agricultural non-
point source pollution. Biochar reduces 
nutrient loss and promotes the circular 
economy; microbial agents enhance soil 
enzyme activity, nutrient use efficiency, 
and soil health, potentially lowering 
ammonia volatilization and runoff-related 
losses [1]. 

This study chooses lettuce as the 
target crop because of its characteristics 
of high nutrient demand and short 
growth cycle. Life cycle assessment 
(LCA) aims to quantify the environmental 
impacts and carbon footprints of a 
designated process and was conducted 
in the present study [2]. The experiment 
tested 10 fertilization strategies, using 
chemical fertilizers, organic fertilizers, 
with/without biochar, and microbial 
agents. Different application rates, 
including half (50%), full (100%), and 
overfertilization (120%), referring to the 
Taiwan Good Agricultural Protocol, were 
applied. The loam soil showed moderate 
buffering capacity (SOC, CEC) and a 
suitable pH range (5.58–7.76). Soil, water, 
and plant data were collected in the field 
and were integrated with LCA to evaluate 
trade-offs among scenarios. 

The results showed that treatments 
using biochar, microbial agents, or 
both significantly reduced the nutrient 
loss in infiltration and surface runoff. 
However, microbial agent treatments 
showed a different trend in phosphorus 
loss. Phosphorus-solubilizing bacteria, 
as microbial agents, convert fixed 
inorganic phosphorus in the soil into 
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water-soluble phosphorus. In addition, 
scouring and leaching during rainfall 
events mainly cause nutrient loss from 
farmland after fertilizer application. 
Nutrient uptake by crops increased 
by 15–30 %, and water-nutrient loss 
decreased by 5–10 % with innovative 
fertilization strategies. The crop yield 
is not negatively affected by fertilizer 
reduction or innovative fertilization 
strategies. On the other hand, excessive 
fertilizer application causes crop damage 
and fertilizer loss. The carbon-negative 
benefit of adding both microbial agents 
and biochar to half-organic fertilization 
resulted in the highest reduction 
(80.75 %) in carbon emissions through 
synergistic interactions in the soil matrix. 
In conclusion, this study proved that 
(1) effective reduction of NPSP from 
agricultural activities without impairing 
crops‘ growth and yield, and (2) the 
synergistic effects in reducing nutrient 
loss and mitigating greenhouse gas 
emissions.
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P1.5

Deciphering Humic Substance Continuity: 
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Reactomic Structure Revealed by FT-ICR-
MS and Interpretable Machine Learning
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Humic acids (HA) and fulvic acids 
(FA) are operationally defined fractions 
of humic substances separated by 
pH-dependent precipitation, yet the 
molecular validity of this fraction-
based framework remains unresolved. 
A long-standing question is whether 
HA and FA should be interpreted as 
chemically discrete classes or as different 
organizational states within a shared 
humic continuum [1]. This question 
remains important in environmental 
chemistry because HA/FA terminology 
is still widely used to discuss mobility, 
sorption behavior, redox activity, and 
carbon persistence in natural systems [2].

In this study, we develop a source-
aware analytical framework to reassess 
the conventional HA/FA classification 
by integrating ultrahigh-resolution FT-
ICR-MS, molecular formula assignment, 
spectral alignment, post-assignment 
molecular interpretation, interpretable 
machine learning, and reactomics [3-5]. 
Formula assignment and molecular 
comparison are grounded in established 
ultrahigh-resolution DOM workflows 
[3], while cross-sample spectral 

harmonization is strengthened through 
Gaussian-based alignment [4]. Post-
assignment chemical characterization 
is supported by Python-based FT-
MS analysis tools [5], and model 
interpretation is guided by SHAP to 
ensure that discriminative patterns can 
be translated into chemically meaningful 
molecular signatures rather than treated 
as black-box outputs.

The framework is explicitly designed 
to address three linked objectives. 
First, it tests whether HA and FA can be 
robustly differentiated at the sample 
level when molecular composition, 
weighted chemical descriptors, and 
structural heterogeneity are considered 
together. Second, it examines whether 
broad environmental-domain effects 
and finer source-subtype structure 
introduce major axes of variation 
beyond the conventional fraction 
effect. Third, it evaluates whether 
formula-level signatures, paired-mass-
difference connectivity, hub molecules, 
and transformation families support a 
model of discrete molecular classes or 
a model of continuity built on shared 
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molecular reservoirs and context-
dependent assembly patterns. In this 
design, sample-level descriptors are 
used to assess fraction separation and 
subtype structure, whereas formula-level 
and reactomic descriptors are used to 
identify enriched signatures, differential 
transformation motifs, and pathway-
scale contrasts.

By combining FT-ICR-MS with 
interpretable machine learning and 
molecular transformation analysis, 
the present framework aims to move 
beyond descriptive fraction labels 
such as HA and FA and to test whether 
historically defined humic fractions 
correspond to stable molecular entities 
or to environmentally conditioned 
signatures within a broader dissolved 
humic continuum. This source-
aware perspective is expected to 
provide a more mechanistic basis 
for understanding humic-substance 
continuity, environmental origin effects, 

and transformation connectivity across 
natural systems.

References
1.	 A. Piccolo, Soil Science 166 (2001) 810-832.

2.	 K.E. Norris, J.J. Pignatello, E.A. Vialykh, 

M. Sander, K. McNeill, F.L. Rosario-Ortiz, 

Environmental Science & Technology 59 (2025).

3.	 Q.-L. Fu, M. Fujii, T. Riedel, Analytica Chimica 

Acta 1125 (2020) 247-257.

4.	 Q.-L. Fu, M. Fujii, R. Ma, Analytical Chemistry 95 

(2023) 2796-2803.

5.	 E. Kitson, W.R. Kew, W. Ding, N.G.A. Bell, Journal 

of the American Society for Mass Spectrometry 

32 (2021) 1263-1267.

6.	 B.P. Koch, T. Dittmar, Rapid Communications in 

Mass Spectrometry 20 (2006) 926-932.

Acknowledgement
The author would like to thank Dr. Akio 
Miyazato from the Mass Spectrometry 
Center for Nano Materials and 
Technology, Japan Advanced Institute of 
Science and Technology, for his support 
for the FT-ICR-MS measurement.



BOOK OF ABSTRACTS 

187IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Analysis and Characterization

P1.6
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A modern and highly promising area 
of research for determining carbon 
content and its fractions in soil is the use 
of near-infrared spectroscopy [NIRS]. 
Based on characteristic absorption bands 
in the measured spectra, and following 
appropriate chemometric analysis 
(e.g., principal component regression 
[PCR], partial least squares regression 
[PLSR], modified PLSR [MPLSR], and 
other methods), the content of specific 
chemical components in a sample can be 
quantified. Compared with conventional 
laboratory methods, NIRS is inexpensive, 
fast, and non-destructive; it produces 
no chemical byproducts and requires 
minimal sample preparation, making it 
highly attractive [1–4].

The aim of this study is to present 
the latest methods for determining the 
qualitative parameters of soil organic 
matter [SOM] such as soil organic 
carbon [SOC], humic substances [HS], 
humic acids [HA], fulvic acids [FA], and 
colour quotient [Q4/6] in dried and 
sieved soil samples using NIRS. This 
is demonstrated using examples from 

various long-term research experiments 
conducted by the Czech Agrifood 
Research Centre and the Central 
Institute for Supervising and Testing in 
Agriculture, as well as from operational 
research plots at the agricultural 
company AGROSPOL, Knínice, under 
various soil (e.g., Chernozem, Luvisol, and 
Cambisol) and climatic conditions in the 
Czech Republic.

The assessed parameters of soil 
organic matter content and quality were 
determined by traditional standard 
laboratory methods and subsequently 
analysed by near-infrared spectroscopy 
with a FOSS NIRSystems 6500 
instrument (FOSS NIRSystems, Inc., 
Silver Spring, MD, USA). Calibration 
equations were developed using the 
multivariate calibration methods PCR, 
PLSR, and MPLSR.  

Calibration equations for measuring 
SOC, HS, HA, FA, Q4/6, and other 
parameters in soil using NIRS were 
developed based on samples collected 
from various regions of the Czech 
Republic (e.g., from long-term field 
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experiments and operational research 
plots). These equations achieved a high 
degree of agreement between laboratory 
methods and NIRS measurements. 
This agreement is expressed by the 
coefficient of determination (R²): for SOC 
calibration, R² = 0.89–0.96; and for SOC 
validation, R² = 0.87–0.97. Furthermore, 
for the fractionation of humic substances 
(HS, HA, FA), the calibration R² ranged 
from 0.77 to 0.93, and the validation R² 
from 0.78 to 0.92. For the colour quotient 
(Q4/6) parameter, a very high agreement 
with the laboratory method was achieved 
(calibration R² = 0.91–0.97; validation 
R² = 0.87–0.94), as well as aromaticity 
index (iAR) and potential wettability 
index (PWI) parameters (calibration R² = 
0.93–0.94; validation R² = 0.88–0.89).

Both the number of calibration 
samples (a larger sample size yields 
better calibration parameters) and the 
heterogeneity of conditions (such as soil 
type and climatic conditions) significantly 
affect prediction accuracy. NIRS analysis 
requires only a small amount of soil 

sample (approximately 5–10 g). The 
main advantages of this method include 
workplace safety and environmental 
friendliness, as no materials are 
consumed and no chemical waste is 
generated. Overall, the measurements 
are fast (taking about 2–5 minutes, 
depending on instrument settings), 
highly accurate, safe, environmentally 
benign, and cost-effective.
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The Impact of Soil Tillage System on the 
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Humus substances (HS) play an 
important role in the formation of soil 
aggregates. Soil type is the primary 
factor that determines the amount and 
quality of HS [1]. Soil tillage significantly 
influences the fractional composition 
of soil aggregates [2]. A combination of 
these factors (soil type and soil tillage) 
changes the relationships between HS 
and soil aggregates. The evaluation of 
the impact of the soil tillage system (STS) 
should be made to a depth higher than 
that to which mechanical operation is 
done [3].

The study included four soils (Mollic 
Fluvisol, MF; Haplic Chernozem, HC; 
Haplic Luvisol, HL; Eutric Regosol, ER), 
two STS (conventional, CT; reduced, RT), 
three crop proportions, and 7 repetitions. 
Experimental localities were located in 
the Danubian Lowland of central Europe. 
In soil samples, taken from a depth up 
<0.3 m, the group composition of HS 
(humic acids, HA; fulvic acids, FA), ratio 
of humic acids and fulvic acids (HA/FA), 
degree of humification (Dhum), colour 

quotients of HS and HA (QHS465/650, 
QHA465/650) and fraction composition 
of wet-sieved macroaggregates (WSA) 
as follows: >5; 3 – 5; 2 – 3; 1 – 2; 0.5 – 1; 
0.25 – 0.5 mm, were determined. The 
obtained data were subjected to Principal 
Component Analysis to identify the 
relationship between HS and WSA, 
and to a Pearson correlation analysis 
(P<0.05).

In the CT, differences among soil 
types are blurring, and the impact of 
HS quantity and quality on WSA is 
dominant. The most pronounced factor 
reflects the stability of HS and the 
proportions of the aggregate fractions 
(PC1 + PC2 ≈ 49.66 + 19.32 = 68.98%). 
At a higher proportion of HA and a 
higher ratio of HA/FA, the larger WSA 
(>3 mm) (dominantly in MF and HC) 
were dominant, and in the contrast at 
a higher proportion of FA, the smaller 
WSA (<0.5 mm) (dominantly in HL and 
ER) together with a lower condensation 
(QHS465/650, QHA465/650) dominated. 
In the RT, the differences among the soil 
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types are pronounced more markedly. 
Similarly, the most pronounced factor 
represents the stability of HS and the 
proportion of aggregate fractions 
(PC1 + PC2 ≈ 42.79 + 23.95 = 66.74%). 
The second factor showed that 
processes of aggregation and 
humification are not totally directly 
interconnected. In the case of HC and MF, 
it was similar to CT; however, in HL and 
ER, the Dhum plays an important role. 
A higher amount of HS and Dhum does 
not mean a higher proportion of larger 
aggregates. In general, in the fraction 
composition of WSA, the quality of HS 
was more important than its quantity. In 
the CT, the relationships between the HS 
and WSA are more homogeneous, and 
the quality of HS is more pronounced; 
conversely, in RT, these relationships are 
more differentiated, complex, and less 
linear. Among soil types, the relationships 
between HS and WSA were most 
pronounced in ER. In CT, HA still partially 
support aggregation; however, in RT, 

their impact is minimal. The fraction of 
agronomically the most valuable WSA in 
the size range 2 –3 mm is a transitional 
fraction that does not have a clearly 
defined relationship with HA but is not 
yet connected to FA. These differences 
were more markedly shown in CT than in 
RT. HL was a transitional soil type in RT; a 
part of the binds was like HC, and another 
part was like ER.  
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The key role of soil organic matter 
(SOM) in determining soil quality and its 
impact on nutrient cycling, particularly 
phosphorus (P), is increasingly 
recognised in the context of global 
climate change and anthropogenic 
pressures. Accelerated degradation 
and mineralisation of SOM causes a 
significant decline in soil quality and also 
affects phosphorus transformations in 
the soil environment, highlighting the 
need to understand the processes of 
organic matter (OM) transformation and 
their impact on phosphorus availability 
and retention. This presentation delves 
into the complex interactions between 
OM transformation and P dynamics 
in eutrophic and dystrophic terrestrial 
ecosystems, with a specific focus on 
peatlands (Histosols), which are vital 
global carbon reservoirs but highly 
sensitive to environmental alterations 
and key to understanding OM-driven 
biogeochemical cycles. 

Our study investigated P dynamics 
in Histosols from the Oder Valley, 
southwest Poland, representing both 
eutrophic and dystrophic conditions 
[1,2]. We employed methods to 

determine various P forms, including 
organic P (Po), available P (PM3), water-
soluble P (PW), easily soluble P (PCaCl2), 
and organic P fractions in humic (Po_HA) 
and fulvic (Po_FA) acids.

Results indicate that OM 
transformation significantly influences P 
retention and the content of its various 
forms. Increased microbial activity, 
especially in eutrophic habitats, led to 
more pronounced OM mineralization and 
humification, resulting in higher levels of 
available and soluble P in upper organic 
horizons. Conversely, P release was 
slower in dystrophic conditions due to 
P immobilization by Al and Fe oxides at 
lower pH, and reduced chemical activity 
of OM components. Humic substances 
played a key role in P retention, with 
Po_HA dominating in dystrophic peat 
horizons, while Po_FA increased with OM 
transformation in eutrophic soils. This 
suggests a variable, context-dependent 
role of different OM constituents in P 
dynamics.

Understanding these ecosystem-
specific mechanisms of OM-P interaction 
is vital, not only for the conservation of 
P-rich natural areas like peatlands (where 
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mobile P release can be detrimental due 
to degradation) but also for enhancing 
P availability in agricultural systems. 
Our findings highlight the critical, yet 
complex, role of microbial processes 
in mediating OM transformation and 
subsequent P cycling, offering insights 
for sustainable management of terrestrial 
ecosystems in the face of changing 
environmental conditions and limited 
global phosphate resources.

Abstracts must be uploaded 
through the abstract submission 
area of the conference website. If you 
have any technical problem with the 
abstract submission, please contact the 

conference secretariat. Abstracts must 
be submitted as MS Word files (DOC, 
DOCX). 
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Rapid Chemical Profiling of Scottish Peat by 
Evolved Gas Analysis-Mass Spectrometry

Yasuro Fuse1, Xue Chu1, Naoya Takeda1, Nobuhide Fujitake2, Shintaro Yanaka2, 
Kohji Maeda1

	 1	 Department of Molecular Chemistry and Engineering, Kyoto Institute of Technology, 
Goshokaido-cho, Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan; fuse@environ.kit.ac.jp

	 2	 Graduate School of Agricultural Science, Kobe University, Kobe, Japan

Introduction
Peat is a chemically complex 

organic material formed by the slow 
accumulation of partially decomposed 
plant matter under waterlogged, 
anaerobic conditions. In the Scotch 
whisky industry, peat is burned to 
dry germinated barley, and phenolic 
compounds released during pyrolysis 
impart the characteristic smoky aroma 
[2]. However, peat composition varies 
with geographic origin, complicating 
quality control and flavor reproducibility. 
Existing methods such as Py-GC/MS 
provide detailed molecular data but are 
time-intensive. Evolved gas analysis–
mass spectrometry (EGA-MS) eliminates 
the chromatographic step and generates 
a temperature-resolved thermogram of 
evolved gases, offering a practical rapid-
screening alternative [3].

Materials and Methods
Peat core samples were collected 

from three locations in Scotland (St. 
1–3) in November 2019. All analyses 
used a GCMS system (QP2010 Ultra, 
Shimadzu) interfaced with a multi-shot 
pyrolyzer (EGA/PY-3030D, Frontier 

Labs). For EGA-MS, ca. 1.0 mg of peat 
was heated from 150 to 600 °C at 15 °C/
min; evolved gases passed directly into 
the MS via an inert capillary line (split 
1:30). For stepwise Py-GC/MS, pyrolysis 
was divided into five temperature 
intervals (150–225, 225–300, 300–375, 
375–450, 450–600 °C); each fraction was 
cryogenically trapped and separated on 
a capillary column. Humification degree 
was determined by the Kaila method, and 
CHN elemental analysis was performed 
on all vertical samples (triplicate 
measurements).

Results and Discussion
EGA-MS thermograms showed 

three major decomposition peaks 
in the 225–450 °C range. Six high-
intensity marker ions were assigned 
to distinct compound classes: m/z 60 
(polysaccharide-derived anhydrosugars), 
m/z 83 and 85 (aliphatic hydrocarbons), 
m/z 84 and 114 (nitrogenous organic 
matter), and m/z 91 (aromatic, lignin-
derived compounds). These assignments 
were validated by stepwise Py-GC/MS 
and supported by principal component 
analysis (PCA), which revealed distinct 
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clustering of each compound class. 
Strong quantitative correlations 
(R² > 0.69) were observed between EGA 
thermogram peak heights and stepwise 
Py-GC/MS compound abundances. 
Depth-resolved thermograms showed 
decreasing polysaccharide and 
nitrogenous signals and increasing 
aromatic and aliphatic signals with depth, 
consistent with progressive humification, 
corroborated by increasing humification 
degree and C/N ratio. A radar plot–based 
visualization using the four marker-
ion groups revealed clear spatial and 
temporal compositional variations. A 
matrix addition experiment confirmed 
robustness against mineral content 
variability (CV ≤ 7.6%).

Conclusion
EGA-MS, combined with selected 

marker ions, provides a practical, solvent-
free, and high-throughput approach 

for the chemical characterization of 
Scottish peat [1]. The method captures 
major compositional trends related to 
humification, depth, and site-specific 
conditions, with quantitative reliability 
validated against stepwise Py-GC/
MS. It offers significant advantages in 
throughput and operational simplicity, 
making it well suited for environmental 
monitoring and industrial quality control 
in the Scotch whisky industry.
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Soil and Military Operations – Basic Data from Ukraine
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Various areas of our planet suffered 
or suffer from military operations. 
Besides immediately seen impacts also 
less visible threats of affected sites in 
actual and future time are formed. As an 
example, soil and its potential damage 
can be given. Determining the actual 
state of war-affected agricultural lands 
is important for society to understand 
the potential for their further use in 
producing environmentally safe food 
products not only in current state but 
particularly in post-conflict era. Such case 
now exists even in Europe, in Ukraine. As 
a result of hostilities in Ukraine in recent 
years, a significant part of agricultural 
land has suffered. This complicates 
the fulfilment of Ukraine‘s international 
obligations regarding the export of 
agricultural products and exacerbates 
the food problem in the world. Therefore, 
the determination of the state of 
agricultural land affected by hostilities is 
urgently needed.

A join Czech-Ukrainian project 
started in 2024 (see acknowledgement) 
aimed also at collecting first data on 
Ukrainian soil affected by military 
operations. The project is limited to 15 

soil samples and only basic analyses to 
get at least initial data for further decision 
making. The Ukrainian partner analysed 
textural features of soil samples using a 
robotic equipment. The Czech partner 
focused on the basic characterization 
of the soil organic matter. This was 
addressed by infrared spectroscopy 
and thermogravimetry of whole soil 
samples and by the determination of 
the content of oxidizable carbon using 
Czech standard for the monitoring of 
agricultural soils. Further, the ratio of 
humic to fulvic acids (by wet oxidation) 
was determined. Finally, the quality of 
soil organic matter was investigated 
by respirometry (OxiTop equipment by 
WTW) using the technique developed by 
Kolář́ s group [1, 2]. Data were compared 
with data obtained during the long-term 
monitoring program of agricultural soils 
in the Czech Republic.

Results of chemical analysis showed 
that soil organic matter seems not to 
be affected by military activities. Data 
obtained from the samples did not show 
any significant deflection from expected 
values and were comparable with 
average data obtained in the long-term 
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monitoring of agricultural soils in the 
Czech Republic. Attempts to correlate 
quantitative characteristics of soil organic 
matter with soil textural type are present 
and discussed.

Soil texture and organic matter seem 
to survive military operations, particularly 
explosions and transport of military 
vehicles. However, the collected data 
should be still considered as preliminary 
data and more extensive sampling is 
desirable. Future research should also 
focus on inorganic contamination, 
especially by heavy metals.
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Spectroscopic methods in the study 
of humic substances allow for the rapid 
and non-destructive characterization 
of their functional groups and degree 
of humification [1]. Various techniques 
are applied to understand the structure 
of humic acids in soils, composts, and 
aquatic systems. In this study, changes in 
the intensity ratios of specific bands (e.g., 
aromatic vs. aliphatic) within the humic 
acid molecules were used to evaluate the 
impact of agricultural management [2,3].

The Golden Gate Single Reflection 
Diamond ATR technique was employed, 
where the spectra of powdered humic 
acid samples were measured using a 
single reflection. A Type IIa diamond 
served as the internal reflection element. 
This method, referred to as SRATR 
(Single Reflection Attenuated Total 
Reflectance), was performed using a 
Shimadzu FTIR-8700 spectrometer. By 
utilizing only a single internal reflection, 
the technique minimizes the depth of 
penetration (typically 0.5 to 2.0 μm). This 
prevents the ‚over-absorption‘ effect 

often encountered in multi-reflection 
systems when analyzing strongly 
absorbing organic materials. The results 
demonstrated significant differences 
in absorbance and calculated ratios 
between various soil types, as well as 
between arable and grassland soils [4].

Key words: SRATR-FTIR 
spectroscopy, soil humic acids
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Humus‑amended activated sludge 
has been observed to generate hydroxyl 
radicals (•OH) during the transition 
from anaerobic to aerobic conditions[1]. 
Under anaerobic conditions, humic-
reducing microorganisms interact with 
humic substances that function as 
electron mediators, forming reduced 
humic substances. The reduced 
humic substances are then capable 
of transferring electrons to Fe(III), 
thereby facilitating Fe(II) formation. 
During the subsequent aerobic phase, 
hydrogen peroxide (H2O2) production 
is presumed to increase, and sustained 
generation of ·OH radicals is likely to 
occur via Fenton or Fenton-like reactions 
within the redox cycle. However, the 
specific chemical contribution of humic 
substances themselves to these redox 
processes occurring within activated 
sludge remains unclear. Therefore, this 
study focused on humic acid extracted 
from humus soil (HSHA). By combining 
electrochemical measurements and 
chemical reduction experiments, we 
evaluated (i) its reduction characteristics, 
defined as its electron-accepting ability, 
and (ii) oxidation reactivity of the reduced 

form upon subsequent exposure to 
oxygen.

Cyclic voltammetry (CV) was 
performed using ethyl viologen (EtV) as 
an electron mediator in the mediating 
electrochemical reduction method to 
evaluate the electron-accepting ability 
of HSHA. Since humic substances often 
exhibit slow direct electron transfer 
with working electrodes, electron-
transfer mediation by electrochemically 
reversible molecules such as EtV enables 
sensitive tracking of redox-active sites 
distributed across a wide potential 
range[2]. Under these conditions, 
HSHA in the presence of EtV exhibited 
a remarkable enhancement of cathodic 
current relative to EtV alone, suggesting 
that HSHA can accept electrons from 
the one‑electron‑reduced species 
of EtV (E1/2 = −0.72 V vs. Ag/AgCl). 
Furthermore, chronoamperometry (CA) 
measurements revealed that HSHA alone 
displays measurable reductive currents 
at applied potentials around −0.8 to −0.9 
V vs. Ag/AgCl. The combined results of 
CV and CA measurements suggest that 
HSHA contains electrochemically active 
reduction sites capable of accepting 



BOOK OF ABSTRACTS 

199IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Soil Organic Matter, Caustobiolites, and Biochar

electrons, plausibly associated with 
redox-active functional moieties such as 
quinone-type structures.

To evaluate oxygen reactivity 
following reduction, HSHA was 
chemically reduced by sodium dithionite 
(E = −0.86 V) under a N2 atmosphere, 
followed by aeration in the presence 
of disodium terephthalate (TPA·2Na) 
as a hydroxyl radical probe[3]. 
Upon aeration, the accumulation of 
2-hydroxyterephthalic acid (hTPA), 
the reaction product of •OH with TPA, 
increased relative to the dithionite-
only control, indicating that reduced 
HSHA undergoes oxygen-dependent 
oxidation in the dark under near-neutral 
pH conditions. These observations are 
consistent with prior reports showing 
that reducible humic substances can 
undergo oxidation by O2 in the dark 

to generate reactive oxygen species 
[4]. Although the detailed mechanistic 
pathway leading to radical generation 
and its quantitative efficiency remain 
subjects for future investigation, the 
present results demonstrate the intrinsic 
capacity of reduced HSHA to drive 
oxygen-dependent oxidative processes.
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Pushing the Limits of Low-Field NMR: Improving DDIF 
Method Resolution to Study Biochar Internal Structures
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Biochar Pore Size Distribution 
(PSD) is essential for understanding 
and optimising its use as a sustainable 
horticultural substrate. However, the 
characterisation of its smallest pores 
remains analytically challenging. The 
Low-Field Nuclear Magnetic Resonance 
(NMR) is a promising non-destructive 
technique to study porous systems. 
For that, the Decay Due to Diffusion 
in Internal Field (DDIF) method, which 
estimates the PSD from the exponential 
decay of the NMR signal of water 
molecules. 

The DDIF acquisition involves two 
complementary pulse sequences: one 
that provides signals encoding the 
diffusion of water molecules through the 
porous network, and another reference 
sequence, that reflects signals from only 
the spin-lattice relaxation contribution. 
The subtraction of both signals allows 
the isolation of the DDIF signal from 
the spin-lattice relaxation background. 
The encoding time (Te) was calibrated 
independently for each sample, and PSD 
was subsequently obtained via Inverse 
Laplace Transformation (ILT) of the 
resulting decay curves.

The resolution of the standard DDIF is 
limited to approximately 10 µm, since the 
signals of large micropores often mask 
those of smaller ones. To improve the 
resolution, a novel T1-filter presaturation 
step was developed and implemented, 
selectively suppressing the signal 
from water in large pores and allowing 
an optimised Te. This improvement 
enhanced the detectable pore size 
range to below 1 µm, an expansion of 
approximately one order of magnitude. 

In the present work, we applied this 
technique to estimate how washing with 
distilled water affected PSD of biochars 
derived from tomato greens, vineyard 
pruning residues, and Acacia bushes 
before and after they were applied as 
planting substrate for tomato and lettuce 
cultivation for 4 weeks in the greenhouse. 
Before the measurement process, the 
samples were ground, pressed, and 
saturated with water in vacuum, ensuring 
a complete porous filling.

Preliminary results, obtained from 
the combination of the standard and 
T1-filtered DDIF experiments reveal a full 
PSD range (from <1 µm to 1000 µm). We 
observed that washing of the biochars 
increased the relative contribution of 
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the small and medium sized pores most 
likely due to the loss of ions during the 
washing process.  On the other hand, 
plant incubation appears to decrease 
the contribution of larger pores, likely 
through clogging them by organic matter 
and root exudates. These observations 
still need to be confirmed through a more 
detailed analysis of the full samples set 
but the preliminary results are promising. 
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Effect of Aluminum Complexation on the 
Stability of Humic Acid: Evidence from 
Decolorization and Mineralization
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Soil organic matter (SOM) is the 
largest carbon pool in terrestrial 
ecosystems, and its sequestration 
contributes to improved soil quality and 
the mitigation of global climate change. 
The stability of SOM is closely linked to 
soil carbon sequestration. The formation 
of aluminum (Al) complexes with SOM 
(Al–humus complexes) is considered a 
key factor in carbon accumulation and 
stabilization in Andosols [1]. Although 
correlations between organic carbon 
content and Al complexation or carbon 
mineralization rates have been widely 
reported, the direct effects of Al 
complexation on the degradability of 
humic substances, key components of 
SOM, and the mechanisms underlying 
SOM stabilization remain unclear.

The objective of this study was to 
evaluate the stability of humic acid (HA) 
complexed with Al (Al–HA complexes). 
Previous studies [2] demonstrated the 
stability of synthetic Al–HA complexes 
against decolorization, an indicator of 
degradation, primarily in liquid culture 
systems, focusing on the activity of 
the humic acid–decolorizing fungus 
Coriolus consors, as well as inorganic 
oxidizing agents and enzymes. In 

the present study, we examined the 
stability of Al–HA complexes against 
decolorization by C. consors in a solid-
state culture system, along with changes 
in microbial activity associated with 
decolorization. In addition, decolorization 
experiments using soil microorganisms 
were conducted, and mineralization was 
evaluated to further assess the stability 
of the complexes.

Powdered HA was prepared from the 
A horizon of non-allophanic Andosols 
using the IHSS method, and Al–HA 
complexes were synthesized following 
a previous study [3]. Decolorization 
experiments were conducted on perlite 
supplemented with liquid medium and 
0.01 g of either Al–HA complex or free 
HA (powder). C. consors NBRC 9078 or 
soil suspensions (three Cambisols and 
three Andosols samples) were used as 
inocula. After incubation, residual HA 
was extracted with 0.1 mol L⁻¹ NaOH, and 
absorbance at 600 nm was measured to 
evaluate decolorization. Microbial activity 
was assessed by fluorescein diacetate 
hydrolysis (FDA) activity in C. consors 
cultures. In addition, soil suspensions 
(from Cambisols and Andosols samples) 
were incubated in small-scale syringe 
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vials containing the same medium 
amended with either HA or Al–HA 
complexes as used in the decolorization 
experiments, and CO2 emissions were 
measured approximately every two 
weeks using gas chromatography to 
estimate HA mineralization.

Relative absorbance in cultures 
inoculated with C. consors was lower for 
free HA than for Al–HA complexes under 
both acidic (pH 4.0) and neutral (pH 6.8) 
conditions. In contrast, FDA activity in 
the presence of Al–HA complexes was 
not significantly lower than that in the 
absence of HA or in the presence of free 
HA, and was even enhanced at pH 4.0. In 
cultures inoculated with soil suspensions, 
relative absorbance was also lower 
for free HA than for Al–HA complexes 
under both pH conditions across all soil 
types. In particular, absorbance in the 
Al–HA treatments remained unchanged 
or slightly increased. CO2 emissions 
from both HA samples incubated with 
soil suspensions increased over time; 
however, emissions were consistently 
lower for Al–HA complexes than for free 
HA in both Cambisols and Andosols 
samples.

These results indicate that Al 
complexation not only prevents 
structural changes in HA but also 
suppresses its complete decomposition 
into CO2, thereby enhancing its stability. 
Furthermore, because microbial 
activity was not suppressed during 
decolorization by C. consors, reduced 
microbial activity is unlikely to be the 
primary factor responsible for this 
stabilization.
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Soil Health and Organic Carbon 
Monitoring for Food Security

Chornoivan Yuliya1

	 1	 PRIME LAB TECH LLC, Ukraine
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Soil quality and soil organic 
carbon (SOC) content are key factors 
determining land fertility, crop yield, 
and overall food security. Loss of 
organic carbon in soils leads to reduced 
productivity, degradation of soil 
structure, lower water-holding capacity, 
and diminished nutrient retention, all 
of which threaten the sustainability 
of agricultural systems. In Ukraine, 
which hosts extensive areas of fertile 
chernozem soils, these challenges are 
particularly critical due to intensive 
land use, large-scale environmental 
disturbances, and ongoing climate 
pressures.

This study presents an integrated, 
multi-parameter approach for soil health 
assessment and SOC monitoring, 
combining detailed physicochemical 
analysis, nutrient profiling, contamination 
assessment, and standardized data 
processing to ensure comparability and 
reproducibility of results across sites. 
Particular attention is given to critical 
soil indicators, including SOC content, 
soil texture and structure, pH, nutrient 

balance, and crop productivity potential, 
which together provide a comprehensive 
picture of soil fertility and its capacity to 
support sustainable agriculture.

High-resolution data analysis 
enables the development of site-
specific, evidence-based management 
strategies that optimize productivity 
while enhancing carbon sequestration. 
Depending on applied agricultural 
practices, potential SOC gains range 
from approximately 0.3 to 1.0 t C/ha/year. 
Moreover, the integration of laboratory 
findings with digital decision-support 
systems allows real-time monitoring and 
adaptive management, strengthening 
food security by ensuring consistent and 
resilient crop production. This framework 
demonstrates the value of data-driven 
soil management for sustainable 
agriculture and environmental recovery, 
particularly in regions with highly 
productive yet vulnerable soils.
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Soil Health and Organic Carbon Monitoring for 
Sustainable Agriculture and Environmental Recovery
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Soil degradation and the decline of 
soil organic carbon (SOC) represent 
critical challenges for sustainable 
agriculture, ecosystem stability, and 
climate mitigation. Globally, more 
than 33% of soils are degraded, while 
agricultural systems have experienced 
substantial losses of SOC, in some cases 
exceeding 50%. These challenges are 
particularly acute in Ukraine, which 
hosts a significant share of the world’s 
chernozem soils and is currently exposed 
to intensive agricultural use and large-
scale environmental disturbances.

This study presents an integrated 
framework for soil health assessment 
and SOC monitoring based on advanced 
laboratory diagnostics and harmonized 
analytical methodologies. The approach 
combines physicochemical soil analysis, 
nutrient profiling, and contamination 
assessment with standardized data 
processing to ensure comparability and 
reproducibility of results.

The proposed system enables 
high-resolution characterization of 

soil properties and supports the 
development of site-specific, data-
driven management strategies. 
Particular attention is given to disturbed 
environments, where soil structure, 
fertility, and contamination require 
targeted restoration approaches.

The results indicate that the 
integration of laboratory data with 
digital tools significantly improves soil 
fertility assessment and supports carbon 
sequestration, with a potential range 
of approximately 0.3–1.0 t C/ha/year 
depending on management practices. 
The Ukrainian case highlights the need 
for scalable and interoperable soil 
monitoring systems and demonstrates 
their relevance for European soil health 
and climate objectives.

Keywords: soil health, soil organic 
carbon (SOC), sustainable agriculture, 
Ukraine, soil monitoring, environmental 
recovery, carbon sequestration, data-
driven agriculture
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Redox-Driven Coupling of Natural Organic 
Matter Dynamics and Greenhouse Gas 
Fluxes in Subtropical Paddy Rice

Chuan-Fu Kao1, Shan-Li Wang1

	 1	 Department of Agricultural Chemistry, National Taiwan University, Taipei 106319, Taiwan 
		  Email: wangsl@ntu.edu.tw

Subtropical paddy fields are critical 
interfaces in the global carbon (C) cycle, 
functioning as major anthropogenic 
methane (CH4) sources while offering 
potential for soil organic carbon (SOC) 
sequestration. Under double-cropping 
systems, high temperatures and 
intense precipitation generate dynamic 
redox gradients that govern trade-
offs between greenhouse gas (GHG) 
mitigation and C stabilization. This study 
investigates how hydrological redox 
regimes and rice straw (RS)-derived 
organic carbon (OC) regulate C–N 
coupling and SOC dynamics. Using a 
high-frequency automated chamber 
system, we quantified CH4 and N2O 
fluxes alongside SOC changes across six 
management scenarios: conventional 
flooding (CF) and alternate wetting 
and drying (AWD), each combined 
with RS removal, incorporation, or 
surface cover. CH4 dominated global 
warming potential (GWP), contributing 
90–98% under continuously anaerobic 
conditions. Although OC inputs via RS 
supplied labile substrates that initially 
stimulated methanogenesis, AWD 
reduced seasonal GWP by 24.3–79.5% 
through periodic oxidative shifts. The 
effectiveness of these strategies was 

strongly climate-dependent. Earlier CH4 
emission peaks in the second cropping 
season reflected accelerated residue 
decomposition under warmer conditions, 
indicating a thermal–substrate legacy 
effect on methanogenesis. Notably, 
a biogeochemical trade-off emerged: 
AWD combined with RS surface 
cover produced the highest episodic 
N2O emissions, likely driven by rapid 
C–N coupling during transient redox 
oscillations. In terms of carbon balance, 
continuous RS removal led to SOC losses 
of up to 1.6 t C ha⁻¹ yr⁻¹, whereas RS 
incorporation achieved net sequestration 
rates of 1.4–1.8 t C ha⁻¹ yr⁻¹. These results 
demonstrate that integrating AWD with 
optimized RS management can reconcile 
GHG mitigation with SOC sequestration. 
By elucidating redox-driven controls on 
OC/SOC dynamics, this work provides a 
mechanistic basis for developing carbon-
neutral and soil-stabilizing strategies in 
subtropical agroecosystems.

Keywords: Rice straw management; 
Soil organic carbon; Greenhouse gas 
mitigation; Alternate wetting and drying; 
Redox-driven processes; Carbon-
nitrogen coupling 
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Linking Soil, Hydrology and Aquatic Carbon Dynamics: 
How Mineral Cover Depth Modulates Greenhouse 
Gas Emissions in Subtropical Agricultural Peatlands
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Peatlands store roughly one-third of 
the global soil organic carbon pool [1]. 
Driven by agricultural demand, artificial 
drainage and land development have 
disrupted this soil–water coupling, 
turning peatlands into major sources 
of greenhouse gases (GHGs) [2]. In 
subtropical Taiwan, the Toushe Basin 
peatland (~150 ha) has been extensively 
converted to upland loofah (Luffa 
cylindrica) cultivation and overlain by 
mineral soil of variable thickness; the 
effect of this overlay on soil–water–
atmosphere fluxes and aquatic carbon 
cycling remains unresolved.

Across 11 sites grouped into four 
cover-depth classes (none, thin <30 cm, 
medium 30–70 cm, thick >100 cm), we 
integrated soil profile characterization 
(0–100 cm; pH, bulk density, total 
carbon, C/N), closed-chamber GHG 
flux measurements (Li-7810 / Li-7820), 
and continuous groundwater-level 

monitoring (n = 253 paired observations) 
to bridge soil, hydrology, and aquatic 
biogeochemistry; Spearman and partial 
correlation analyses were applied to 
disentangle the interactions among 
water-table dynamics, temperature, and 
cover depth [3].

CH4 emissions occurred exclusively 
in uncovered peat, where the saturated 
matrix remained hydrologically and 
biogeochemically continuous with 
the underlying aquifer; CH4 correlated 
strongly with water-table height (ρ = 0.68, 
p < 0.001) and was ~6-fold higher during 
high-water periods. CO2 rose under 
medium-to-thick cover, reflecting aerobic 
oxidation of exposed peat humic carbon 
and amplified sensitivity to water-table 
fluctuations (ρ = 0.34–0.43). Thin cover 
(<30 cm) showed the lowest 100-year 
global warming potential (CO2 + 27 × CH4) 
[4] and was the only category statistically 
decoupled from both drivers. Partial 
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correlations revealed clear partitioning 
along the soil–water gradient: water 
level independently governed CH4 in 
uncovered peat (ρn = 0.59, p < 0.01), 
while temperature drove CO2 under 
deeper cover (ρn = 0.27–0.37, p < 0.05). 
Integrating pedology, hydrology and 
aquatic carbon biogeochemistry into 
a three-axis framework (water table 
× temperature × cover depth), thin 
mineral cover emerges as the optimal 
management option for protecting peat 
humic substances, stabilizing the soil–
water interface, and minimizing GHG 
export.

Keywords: Peatland; Soil–water 
interface; Greenhouse gas; Groundwater 
dynamics; Humic substances; Aquatic 
carbon cycling
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Biochar effects on dissolved organic carbon assessed 
by 1H-NMR in andosol and alluvial single-soil columns
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Climate change is increasing the 
frequency and intensity of extreme 
rainfall events, driving greater carbon 
(C) losses from soils via dissolved 
organic carbon (DOC) leaching. In Japan, 
where such events occur regularly [1], 
understanding how they affect soil 
organic carbon (SOC) dynamics and DOC 
composition is particularly important. 
Biochar (BC) — a carbon-rich byproduct 
of biomass pyrolysis — is widely used 
as a soil amendment for its potential 
to improve soil fertility, enhance water 
retention, and promote long-term 
C sequestration. However, field and 
laboratory studies have shown that BC 
particles, especially fine fractions, can 
migrate downward through soil profiles 
under intense rainfall or irrigation, 
potentially compromising BC persistence 
in topsoil and disrupting subsurface 
biogeochemical processes such as 
nutrient transport and groundwater 
quality [2].

To investigate the effects of 
BC on SOC mobilization and DOC 
characteristics, we carried out a 

controlled 4-week single soil column 
experiment using Andosol and alluvial 
soil. Columns were subjected to high 
and moderate irrigation frequencies 
based on their water-holding capacity 
(WHC), with and without BC amendment. 
DOC concentrations were measured 
in soil leachates, and molecular 
composition was characterized by 
1H-NMR spectroscopy to track changes 
in aromatic, aliphatic, and oxygenated 
functional groups associated with 
BC-derived and native SOC fractions 
[3]. Preliminary results reveal higher 
total organic carbon (TOC) in alluvial 
soils than in andosol. In the alluvial-BC 
treatment, ¹H-NMR spectra showed 
a marked decline in the O-alkyl 
region (52.1→34.0%) over 4 weeks, 
accompanied by increases in aliphatic 
(17.9→28.2%), carboxyl-associated 
(25.8→29.8%), and aromatic (4.2→7.9%) 
fractions.

These findings offer mechanistic 
insights into how soil mineralogy 
governs the mobility and transformation 
of both BC-derived and native DOC 
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under simulated rainfall conditions. 
Taken together, this study deepens 
our understanding of the fate, stability, 
and environmental implications of BC 
in contrasting soil environments, and 
informs the development of sustainable 
BC management strategies in the context 
of future climate scenarios.

References
1.	 Nayak, S., Takemi, T. Regional and vertical 

scaling of water vapor with temperature 

over Japan during extreme precipitation in a 

changing climate. Sci Rep 15, 34826 (2025). 

https://doi.org/10.1038/s41598-025-22287-6

2.	 Zhao, K., Shang, J. Optical and molecular 

insights into dissolved organic matter release in 

soils induced by downward migration of biochar 

colloids. Carbon Res. 3, 51 (2024). https://doi.

org/10.1007/s44246-024-00136-x

3.	 Mitschke, N., Vemulapalli, S.P.B. & Dittmar, T. 

NMR spectroscopy of dissolved organic matter: 

a review. Environ Chem Lett 21, 689–723 (2023). 

https://doi.org/10.1007/s10311-022-01528-4

Acknowledgement
This work was supported by the EU 
through the TwinSubDyn project (Grant 
Agreement No: 101059546). The authors 
thank the Soil Science group at Kobe 
University for providing laboratory 
facilities and equipment, and the IHSS for 
the training award that funded travel and 
living expenses during the research stay.



BOOK OF ABSTRACTS 

211IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / NOM and Aquatic Systems

P3.1
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The development of sustainable 
materials for water treatment is essential 
to address the increasing impact of 
nutrient pollution in aquatic systems. 
This study evaluates carbonized agave 
bagasse fibers as a low-cost support 
material for microbial consortia and 
zero-valent iron nanoparticles (nZVI), 
within a circular economy framework. 
Carbon fibers were produced from 
agave bagasse and evaluated in 
untreated and acid-washed conditions. 
Physicochemical characterization 
using SEM–EDX revealed that acid 
washing reduced inorganic residues and 
enhanced surface properties, promoting 
better interaction with nZVI and microbial 
attachment. Batch experiments were 
conducted using synthetic water 
designed to replicate the characteristics 
of the San José reservoir. Systems 
including carbon fibers, nZVI, and 

microbial communities were compared 
to controls to assess their individual and 
combined effects. The transformation 
of nitrogen species (ammonium, nitrites, 
and nitrates) was monitored, showing 
distinct dynamics depending on system 
configuration. Results indicate that 
carbonized fibers act as an effective 
support for biofilm development and 
contribute to the stabilization and 
dispersion of nZVI. The combined 
system promotes synergistic interactions 
between adsorption, redox reactions, 
and biologically mediated processes, 
enhancing nitrogen transformation 
pathways. This work demonstrates 
the potential of agave-derived carbon 
materials as sustainable supports 
for integrated physicochemical and 
biological water treatment processes, 
providing a basis for future optimization 
and scale-up.
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Organic matter (OM) is a primary 
precursor to disinfection by products 
(DBPs), which form when drinking water 
is disinfected for pathogen control. 
DBPs are a class of compounds that are 
associated with adverse health risks, 
including cancer, and a small subset 
(11 compounds) of the >700 DBPs 
discovered to date are regulated in 
drinking waters. Recent studies have 
shown that unregulated DBPs could 
pose greater risks than the regulated 
compounds, and biomolecular DBPs, 
whose formation is associated with 
biomolecule disinfection, are an 
emerging DBP class [1]. A major source 
of biomolecules to the environment is 
organic matter derived from the effluent 
of wastewater treatment plants (EfOM). 
Biomolecules make up the largest 
fraction of EfOM, with approximately 
55% of the EfOM being made up of 
proteins, 9% lipids, and 24% nucleic 
acids [1]. When wastewater effluent is 
discharged upstream of drinking water 
treatment plants, EfOM can contribute 
biomolecules to environmental waters 
that are disinfected for drinking water 
production. The biomolecules can 
undergo environmental transformations 
prior to uptake by drinking water 

treatment plants [2]. EfOM uptake 
by drinking water plants is becoming 
more prevalent globally due to climate 
change. As an example, ~50% of U.S. 
utilities in the United States take up 
treated wastewater. Arid regions, such 
as the southwestern U.S. are particularly 
impacted. Here, treated wastewater 
effluent can comprise up to 100% of the 
water entering drinking water utilities [3].

The goal of this project is to 
understand the impact that engineered 
and environmental processes have 
on biomolecular EfOM composition. 
Wastewater treatment, and specifically, 
the level of nitrogen removal and method 
of disinfection, is anticipated to impact 
EfOM composition. Further, we anticipate 
that photolysis and biodegradation that 
occur in environmental waters prior to 
uptake by a drinking water plant may 
further shift composition. To address 
these changes, we have developed a 
pipeline and methods to concentrate 
samples using solid phase extraction and 
process ESI-Orbitrap mass spectrometry 
EfOM data. Our method allows for 
more accessible production of mass 
spectrometry diagrams (compared 
to Fourier-Transform Ion Cyclotron 
Resonance mass spectrometry) for 
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development of Van Krevelen diagrams 
from EfOM samples, which we use to 
classify the changes in biomolecule-
like structures in EfOM. We applied this 
method to analyze samples collected 
from wastewater utilities that do not 
remove nitrogen, partially remove 
nitrogen, and fully remove nitrogen. Our 
solid phase extraction method is able to 
recover 80% of EfOM (measured through 
organic carbon) in treated wastewater. 
We have found that EfOM samples 
collected from utilities that use partial 
denitrification are primarily composed 
of proteins. Our next steps are to apply 
these methods to disinfected samples 
that have undergone photolysis, to 
determine variations. This project will 
allow us to understand the importance 
of environmental and engineered 

transformations on EfOM structure, 
which will help inform the factors that 
drive the formation of emerging DBP 
classes.
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Analysis of Baltic Coastal Waters 
Dissolved Organic Matter by HPLC 
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Akadeemia tee 15, EE-12618 Tallinn, Estonia, viia.lepane@taltech.ee

There is an important general 
objective nowadays to improve the 
quality of water in water bodies. The 
dissolved organic matter (DOM) is 
present in all natural waters but the 
chemical composition, quality and 
quantity can be very different. In Baltic 
region, near Estonian coastline, the DOM 
is derived from land and is transported 
into the sea by rivers. The other source 
of DOM in this area waters is leaching 
from sediments. A strong seasonal 
dependence of DOM composition and 
transformation has been evident. Cold 
winters result to inflow of terrestrial 
refractory humic substances from rivers. 
Spring time is characterized by labile 
DOM inflow and an increase of protein-
like DOM that is continuing in summer 
period (June to August). Autumn DOM 
contains again more humic-like and less 
protein-like DOM. 

In present study the intention was 
to study DOM characteristics by using 
HPLC-DAD size-exclusion (SEC) and 
reversed-phase (RP) modes. Detailed 
characterization of DOM was carried out 
in order to identify the sources of organic 
matter that has entered the water. 
Molecular and optical characteristics of 
coastline seawater near Tallinn, Estonia 
area were monitored at 5 stations during 

spring-time (April to May). In addition one 
sampling point at River Pirita was also 
added to reveal the terrestrial input of 
DOM.

RP- HPLC analysis of data 
indicated two different types of DOM 
chromatograms. That means some 
samples were characterized by similar 
DOM compounds polarity, with only 
one peak. Second type had two peaks, 
representing DOM fractions with differing 
polarity. The study showed that the two-
peak chromatograms were present in all 
samples from the Pirita River.

HPLC-SEC method provided data as 
3D fingerprint chromatograms of DOM, 
that were further processed to extract 
absorption curves, reveal peak identity 
according to IHSS standard materials, 
calculate absorption ratios, concentrations 
and to assess the heterogeneity of DOM. 
HPLC-SEC data analysis revealed the 
molecular masses of DOM were between 
1500 to 2100. The concentrations of DOM 
were highest in River Pirita water 25-80 
mg L-1 (DOC 13-22 mg L-1). All analysed 
water samples contained material that 
originated from land.

Cluster and factor analyses were 
carried out to reveal the differences 
between DOM characteristics between 
the sampling points and seasonally. 
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Composition and Disinfection By-Products 
Using Excitation–Emission Matrix Analysis
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Disinfection by-products (DBPs) are 
formed when chlorine reacts with humic 
substances in natural organic matter in 
drinking water treatment. The drinking 
water quality standards for dichloroacetic 
acid (DCAA) and trichloroacetic acid 
(TCAA), which are major DBPs, were 
strengthened in Japan in 2015, and 
reducing their formation has become a 
key challenge for water treatment plants 
nationwide. This issue is particularly 
critical in Japan‘s mountainous regions, 
where many small-scale water supply 
systems exist and the introduction of 
advanced treatment processes is often 
difficult, underscoring the importance of 
appropriately managing DBPs. DBPs is 
known to be governed by several factors, 
including humic substance concentration 
in raw water, chlorine concentration, 
water temperature, and reaction time 
[1,2]. Therefore, a detailed evaluation of 
changes in the quantity and composition 
of organic matter at each stage of the 
water treatment process is essential for 
effective control of DBPs.

We conducted an investigation under 
both base-flow and high-flow (rainfall) 
conditions at two slow sand filtration 
water treatment plants located in Toyota 

City, Aichi Prefecture, Japan, which use 
the same river as their source water, 
from May 2022 to July 2024. Water 
samples were collected from raw water, 
post-coagulation (after PAC treatment), 
and filtered water. Dissolved organic 
carbon (DOC) concentrations, DCAA, 
and TCAA concentrations were analyzed. 
In addition, excitation–emission matrix 
(EEM) fluorescence spectroscopy was 
used to characterize dissolved organic 
matter, and the relationship between 
changes in organic matter during 
treatment and DBPs concentration was 
examined.

DOC behavior during the treatment 
process indicated that, under base-flow 
conditions, DOC concentrations were 
similar between raw water and PAC-
treated water, whereas filtered water 
exhibited lower concentrations than 
raw water. In contrast, during rainfall 
events, mean DOC concentrations were 
higher overall, and raw water showed 
greater variability than under base-flow 
conditions. The results showed that 
both DCAA and TCAA concentrations 
in filtered water increased during rainfall 
events, with statistically significant 
differences observed particularly at the 
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upstream water treatment plant. TCAA 
exhibited higher concentrations and 
greater variability than DCAA, and more 
frequently exceeded the drinking water 
quality standard under rainfall conditions. 
Seasonal analysis indicated that DBPs 
concentrations were higher in spring and 
autumn than in summer. EEM analysis 
revealed that humic-like components 
were strongly correlated with DBPs 
concentrations, whereas protein-
like components had little influence, 
consistent with previous studies [3]. 
Furthermore, the upstream water 
treatment plant showed higher DOC 
concentrations and a greater proportion 
of humic substances, resulting in a higher 
TCAA formation potential. In contrast, 
the downstream water treatment plant 
exhibited lower DOC concentrations and 
DBPs concentrations.

These findings suggest that increases 
in DOC concentration associated with 
rainfall, particularly the increase in humic-
like components, are the dominant 
factors controlling DBPs.
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Characteristics of the EOM Product Formed 
during Aerobic Bioconversion of Lignocellulosic 
and Biodegradable Municipal Waste
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In recent decades, there has been a 
significant decrease in humus resources 
in the terrestrial environment, including in 
agriculturally used soils, due to increased 
mineralisation of soil organic matter 
(SOM). Current trends and guidelines 
related to the proper use of soils indicate 
that efforts should be made to increase 
the soil organic matter content [1-3]. 
The most reasonable solutions seem 
to be those suggesting: the sustainable 
management of humus compound 
resources, especially in intensively used 
and/or modified areas; optimisation of 
the humus content by using components 
of sufficient quality and/or products 
made from exogenous organic matter 
(EOM); and developing optimal and 
reasonable methods for the use of SOM 
resources based on comprehensive, 
integrated long-term management. 
Using composting as a method to recycle 
lignin-cellulosic biomass by obtaining 
the most useful product possible, the 
application of microbial stimulation 

seems to be justified [3-5]. It should 
be noted that the lack of knowledge of 
metabolic processes should not be a 
barrier to this type of research, but on 
the contrary, it should be an invitation 
to use biological solutions in biomass 
composting. 

The aim of this study was the 
qualitative and quantitative analysis 
of humic acids during the composting 
of exogenous organic matter (EOM): 
composts from a mixture of energy 
willow biomass and hay (HWBC), 
composts from a mixture of willow and 
hay inoculated with microorganisms 
(HWIBC), and composts from 
biodegradable municipal solid waste 
(MSWC). The total duration of the 
experiment was 14 weeks. During the 
experiment, the temperature (daily) and 
moisture content (every 5 days) of the 
composted mass were monitored. The 
materials were watered to an optimum 
level of 40–60% of H2O and formed into 
piles with dimensions L × W × H = 5.0 m × 
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2.0 m × 1.0 m. Each pile was mechanically 
turned every 5 days for the first 8 weeks 
and every 10 days between weeks 9 
and 13 of the experiment. Samples were 
collected at different maturity stages, 
and the following determinations were 
performed: total organic carbon (TOC) 
and total nitrogen (TN), carbon of fulvic 
(CFA) and humic (CHA) acids, carbon 
of residual fraction (CR), the elemental 
composition of humic acids, humification 
index (HR1), and ω (oxidation) ratios. 

Based on the results obtained [1], 
it can be concluded that the composts 
studied meet the legal and environmental 
criteria for bio-recycled products.  It was 
demonstrated that the direction and 
intensity of biotransformation processes 
depended on the availability of nitrogen 
compounds, and that inoculation of 
lignocellulosic substrates stimulated 
the synthesis of humic acids and the 
decomposition of the CR fraction. The 
physicochemical parameters of the 
MSWC variant allow for its direct use as 
an organic additive improving the soil 
organic matter balance and soil quality 
parameters. Considering the investigated 
properties, HWBC and HWIBC 

materials are more suitable as fertiliser 
components or inert growing media 
[1,2,3,5]. The studies have shown that the 
HR1 and ω indices can be used to assess 
the efficiency of organic compound 
recycling during the composting of 
various types of biomass.
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Influence Of Secondary Plant Metabolites on 
Degradation of Pesticides in Agricultural Soils
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Modern intensive agriculture is 
inextricably linked with the widespread 
application of plant protection products, 
with global usage reaching millions of 
tons annually. While these substances 
are essential for securing crop yields, 
their long-term accumulation in the 
soil matrix poses a significant threat to 
environmental sustainability. Pesticide 
residues can persist far beyond their 
predicted half-lives, leading to the 
degradation of soil health, contamination 
of groundwater, and disruption of vital 
ecosystem services such as nutrient 
cycling and organic matter turnover. 
Current research often focuses on 
abiotic factors like pH or organic matter 
content, yet the biochemical role of 
the rhizosphere remains insufficiently 
understood. This study addresses a 
critical knowledge gap: the potential of 
secondary plant metabolites (SPMs) 
to act as natural mediators in the 

dissipation and detoxication of synthetic 
agrochemicals.

The primary objective of this project is 
to provide a comprehensive evaluation of 
how specific SPMs, particularly phenolic 
acids (such as p-hydroxybenzoic, 
vanillic, syringic, and p-coumaric acids), 
influence the degradation kinetics 
of five chemically diverse pesticides: 
fluroxypyr, acetamiprid, pirimicarb, 
tebuconazole, and azoxystrobin. We 
aim to test the hypothesis that these 
naturally occurring compounds can 
stimulate soil microbial communities 
and modulate redox conditions, thereby 
accelerating the breakdown of persistent 
residues. Furthermore, the study seeks 
to determine whether the presence of 
SPMs can mitigate the ecotoxicological 
pressure exerted by pesticides on 
non-target soil organisms, effectively 
acting as a nature-based solution for soil 
remediation.
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To achieve these goals, an integrative 
methodology has been developed, 
combining controlled laboratory 
incubation experiments with semi-
field mesocosm trials to reflect real-
world agricultural conditions across 
diverse soil textures (sands, loams, and 
silty loams). Pesticide concentration 
dynamics are monitored using an 
optimized QuEChERS-based extraction 
protocol followed by high-sensitivity 
LC-MS/MS analysis. A key novelty of the 
project is the simultaneous assessment 
of soil biological integrity through 
enzymatic profiling (dehydrogenase and 
β-glucosidase activities) and advanced 
ecotoxicological assays. These include 
the Microbial Assay for Risk Assessment 
(MARA), Microtox and multi-species 
invertebrate tests involving Eisenia fetida 
and Folsomia candida. 

By identifying the mechanistic 
synergies between plant-derived 
antioxidants and pesticide degradation 

pathways, this research aims to 
establish new directions for sustainable 
rhizosphere management and the 
development of „green“ strategies to 
enhance soil self-purification processes. 
The expected outcomes will provide 
practical guidelines for farmers and 
horticulturalists on using specific plant-
based soil amendments or crop rotations 
to naturally accelerate the detoxication 
of agricultural land. Ultimately, this 
approach will support the transition 
towards circular bioeconomy and safer 
food production by minimizing the 
chemical burden in soil-plant systems.
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Wildfires As Important Sources of Haloaromatic 
Disinfection Byproducts in California Water Systems
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Wildfire occurrence and severity are 
increasing globally, posing significant 
threats to downstream water sources 
and drinking water reservoirs by altering 
the chemical composition of natural 
organic matter and ultimately influencing 
the formation of disinfection byproducts 
(DBPs) in potable waters. While the 
characterization of 1-2 carbon DBPs 
from wildfire-impacted watersheds is 
better understood, the impacts on >2 
carbons DBPs are severely understudied. 
This project investigates different fuel 
types (e.g., oak versus pine woods), 
burn temperature (300-700 °C), fire 
age (Glass Fire samples from 2020 and 
2025), and fire type (wildfire versus 
prescribed burn) as variables affecting 
overall water quality and DBP formation 
in waters disinfected with chlorine 
and chloramines. Pyrogenic dissolved 
organic matter obtained from laboratory 
pyrolysis of fuels were used as a source 
of DBP Precursors. Analysis of >2 carbon 
DBPs via liquid-chromatography mass-
spectrometry reveals concentrations 

of halonitrophenols, halophenols, and 
halosalicylic acids increase significantly 
after chlorination of pyDOM for most 
temperatures evaluated, up to 400% 
after 24 h. For chloramination, total 
concentrations of >2 carbon DBPs 
remained relatively stable throughout 
disinfection and typically formed within 
the first 1 h of free chlorine contact 
prior to conversion into chloramines. 
Of the three >2 carbon DBP classes 
examined, halosalicylic acids are 
formed at the highest concentrations 
constituting approximately 93% of total 
>2 carbon DBPs formed. More generally, 
halosalicylic acids typically form at 
the highest concentrations relative 
to halonitrophenols and halophenols 
in all samples for both disinfectants. 
Concentrations of 1-2 carbon DBPs 
align well with previous literature 
showing that as temperature increases, 
decreases in water extractable organic 
carbon released from pyrolyzed material 
subsequently decreases the formation of 
1-2 carbon DBPs.
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Now You See Me, Now You Don’t: 
Polymer Degradation in Soil
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Biodegradable polymer mulching 
films are incerasingly promoted as a 
suitanable alternative to conventional 
plastics, yet their actual degradation 
pathways, the accumulation of persistent 
plastic residues in agricultural soils 
and interactions with soil microbiota 
remain still insufficiently understood. 
This study investigaes the fate of 
biodegradable polymers fragemnts 
(as a model of mulchingfoil residues), 
focusing on polyhydroxybutyrate (PHB), 
and polylactic acid (PLA) and using the 
degradradation product (e.g. lactic acid 
and 3-hydroxybutyrate). The main aim 
is to see the influence on the soil and 
microbial properties and to produce new 
PHA via microbial consortium in soil. 

Polymer fragments of mulching foils 
were incubated in agricultural soil to 
approximate field exposure conditions. 
Following incubation, residual materials 
were recovered via density separation 
and characterized using physicochemical 
methods to examine potential changes 

in their properties. Soilderived bacterial 
communities were cultivated to assess 
their ability to produce intracellular 
polyhydroxyalkanoates (PHA), and 
polymer biosynthesis was verified using 
FTIR and gas chromatography, which 
enabled the detection of PHA.

Our results suggest that soil 
microorganisms play a dual role: not 
only contribute to the degradation of 
biodegradable mulching materials but 
they may also synthesize biopolyesters 
from available carbon sources 
under suitable conditions. These 
findings highlight soil as an active 
dynamic bioreactor govering polymer 
transformation, and they point toward 
the potential – though not yet fully 
verified – role of biodegradable mulching 
materials.
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PGPR-Inoculated Biochar as a Soil Amendment
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Biochar is an important soil 
conditioner in agriculture, serving as a 
long-term source of organic matter and a 
short-term source of minerals. However, 
due to the high temperatures used during 
its production by pyrolysis, a non-living 
porous matrix is often formed, which 
limits its direct impact on biological 
processes in the soil [1]. Enriching 
biochar with plant growth-promoting 
rhizobacteria (PGPR) therefore offers 
a way to utilize its physicochemical 
and structural properties for microbial 
colonization and to supplement this 
soil conditioner with a living microbial 
component [2]. 

Four types of commercial biochar 
samples (Carbohran, Novocarbo, 
Sonnenerde, and Zera) produced from 
various biomass feedstocks at different 
pyrolysis temperatures and the bacterial 
strain Azotobacter vinelandii CCM 289 
were used in this study.

In the introductory section, the 
biochars were characterized using 
thermogravimetric analysis (TGA), 
and the physicochemical properties 
of aqueous extracts (pH, conductivity) 
and their elemental composition were 
determined using ICP-OES. Prior to 
colonization, the effects of pH, ionic 
strength, and biochar extract on bacterial 
growth and its capability to colonize 

biochar structure were simulated in 
preliminary cultivation experiments. 
The aim was to assess separately 
the influence of these parameters on 
cell viability and concentration and 
the capability of bacteria to produce 
alginate extracellularly. These bacterial 
suspensions were cross-linked with a 
2 wt.% CaCl2 solution into the alginate 
hydrogel, which was characterized 
using rheometry. Subsequently, two 
colonization methods were compared: 
post-cultivation (mixing the prepared 
bacterial suspension with biochar) 
and co-cultivation (direct bacterial 
growth in a biochar suspension). 
For both approaches, the effect of 
biochar presence on cell concentration 
and viability was evaluated using 
flow cytometry, and the viscoelastic 
properties of the resulting alginate 
hydrogels with entrapped bacteria were 
monitored using rheometry. These 
prepared systems were freeze-dried 
to ensure stability for subsequent soil 
applications.

The core of the work consisted of 
a 92-day cultivation experiment with 
the presence of a model plant - maize 
(Zea mays) under controlled conditions 
(temperature, moisture, irrigation, 
illumination). The post-cultivation 
colonization method was chosen for 
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these soil applications. During the 
experiment, soil pH dynamics and 
agronomic parameters of the plants 
were monitored. After the termination 
of plant cultivation experiment, a 
comprehensive analysis of the soil, 
plant this soil application activity in the 
rhizosphere using the BIOLOG EcoPlate™ 
kit was performed. Specific PGPR effects 
were tested as well, including nitrogen 
fixation, phosphate solubilization, 
and the production of siderophores, 
1-aminocyclopropane-1-carboxylate 
(ACC) deaminase, and indole-3-acetic 
acid (IAA).

The obtained results indicate that the 
combination of biochar with PGPR has 
the potential to enhance the effects of 
biochar in soil applications, particularly 

in terms of pH stabilization and support 
for microbial activity in the rhizosphere. 
However, since these are preliminary 
experiments conducted within complex 
matrices, it would be necessary to 
repeat the realized measurements with 
a higher number of replicates to obtain 
statistically more significant results 
and subsequently verify the obtained 
outcomes in semi-field experiments 
under real-soil conditions.
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Plant-growth-promoting rhizobacteria 
(PGPR) belongs to a group of soil 
bacteria that can influence plant growth 
through various mechanisms. In recent 
years, there has been an increase 
in the use of various types of soil 
conditioners containing PGPR in the 
form of bioinoculants. The main aim of 
these approaches is to increase yields 
and improve crop growth under adverse 
conditions in an environmentally friendly 
manner. Encapsulating microorganisms 
in a hydrogel form of suitable 
polymeric carrier offers not only easier 
sample handling (compared to liquid 
formulations) but also a range of other 
benefits. Microorganisms are better 
protected against stress factors (changes 
in conditions, osmotic stress), and the 
gradual degradation of the polymer 
matrix allows their controlled release. 
All these aspects increase survival ratio 
of bacteria and thereby enhances their 
effectivity in subsequent soil applications 
[1].

The aim of this study was to quantify 
the effects of externally applied soil 
carriers containing PGPR on the growth 
of the model plant – common garde 
lettuce (Lactuca sativa) under adverse 
conditions (drought).

The rhizobacterium strain 
Azotobacter vinelandii CCM 289 was 
selected for preparation of four different 
application forms: bacterial biomass in 
PBS, alginate gel without culture, gel 
with bacterial culture and lyophilized gel 
with bacterial culture. The effect of each 
treatment was compared to a negative 
control without any addition (white). 
In the cultivation experiment, artificial 
soil with a low organic matter content 
(4 wt.%) was used to simulate poor soil 
during a drought.

During the cultivation experiment, 
the physicochemical characteristics of 
the soil (temperature, moisture, pH) and 
the growth characteristics of the lettuce 
(number of leaves, height, and width of 
the aboveground parts) were monitored. 
After the cultivation experiment was 
completed, the effect of these used 
treatments on the physical and chemical 
characteristics of the soil and on plant 
growth (number of leaves, length, fresh 
weight, and dry weight) was analyzed, 
along with an analysis of the root 
system. Furthermore, the concentration 
and viability of microorganisms in the 
soil were determined, as well as the 
effect of addition of different used soil 
treatments on the microbial activity of 
the soil microbiome, using cultivation on 
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solid Ashby medium and a commercial 
BIOLOG EcoPlateTM kit to determine the 
average well color development (AWCD). 

Moreover, also an analysis of PGP 
effects was conducted (atmospheric 
nitrogen fixation, phosphate 
solubilization, siderophore production, 
and ACC deaminase enzyme activity) 
on rhizosphere soils obtained after the 
termination of cultivation experiments. 
Physical and chemical soil characteristics 
(pH, conductivity, ICP-OES, TGA) were 
determined as well on the dried soils after 
the cultivation experiments. The results 
indicate that the application of all the 

application forms of bioinoculants with/
without PGPR led to an increase in the 
metabolic activity of the soil microbiome 
compared to the blank negative control 
sample. 
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Exploring Beneficial Use of Dredged Material 
for Agriculture and Wetland Reconstruction: 
Comparing Soil Organic Matter in Dredged Material 
and Farm Soil with Humeomics and PARAFAC
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The Laurentian Great Lakes in the 
United States hold approximately 20% 
of the world’s surface freshwater, with 
Lake Erie being the most biologically 
productive and most impacted by 
anthropogenic influence. The watershed 
of the Western Lake Erie Basin (WLEB) 
is dominated by intensive agriculture, 
negatively affecting soil health, including 
loss of nutrients and degradation of soil 
structure. Due to extensive destruction 
of natural wetlands and nutrient pollution 
and sediment loss from agriculture, 
the WLEB has faced increased harmful 
algal blooms and downstream sediment 
accumulation. To keep shipping channels 
clear, Toledo Harbor is dredged annually, 
and the removed dredged material (DM) 
must be stored. The storage capacity 
is limited, and finding beneficial uses 
for DM is a high priority. Using DM as 
an agricultural amendment and as a 
substrate for reconstructed wetlands has 
been proposed. Previous research on 

Toledo Harbor DM found agronomically 
ideal levels of Ca, organic carbon (OC), 
and cation exchange capacity, as well as 
increased yield and root development in 
crops grown in DM as compared to farm 
soil (FS). Differences in the quality of 
soil organic matter (SOM) could offer an 
explanatory mechanism. For this study, 
Toledo Harbor DM and a Northwest Ohio 
FS were qualitatively and quantitatively 
characterized and compared after 
progressive organic extraction with 
the humeomics method. Extracted 
fractions were characterized for relevant 
nutrients (OC, TN, TP), and FTIR was 
used to assess functional groups. 
EEM-PARAFAC was used to calculate 
the humification index, fluorescence 
index, model components, and compare 
relative intensity of SOM composition 
between FS and DM fractions. Significant 
differences were found between DM 
and FS in terms of where nutrients were 
concentrated in the SOM structure, 
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as well as in the composition of SOM 
between the FS and DM. Specifically, DM 
SOM has multiple indicators of increased 
humification and hydrophobicity, 
generally in the more tightly bound 
regions of the SOM structure. DM 
amendments could function as a source 
of hydrophobic SOM in agricultural 
systems, potentially sequestering 
nutrients and preventing runoff into 
waterways. Likewise, hydrophobic SOM 
in DM could aid in nutrient retention 

in reconstructed wetlands using 
DM as a substrate, while beneficially 
redistributing DM on the landscape.   
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Diffusion of Sulphonamide Antibiotics 
in Model Humic Hydrogel
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Humic substances are major 
constituents of soil organic matter 
responsible for its self-cleaning ability. 
The ability is based on the complexation 
of pollutants and their “locking” in humic 
structure. Formed complexes should 
have a high stability thus only very little 
amount can be leached in soil solution. 
Pollutants are complexed by soil organic 
matter (humic substances) during their 
migration in soil therefore we decided 
to study this problem as the diffusion in 
model medium – humic hydrogel, e.g. 
[1,2]. Sulphonamide antibiotics were 
chosen as pollutants because of their 
increased consumption connected 
with their input into environment. 
Sulphonamides are antibiotics widely 
used in livestock production which can 
enter agricultural soils by fertilization 
with contaminated manure. It can 
cause environmental and health risk 
which call for studies on the fate of 
antibiotics in soil [3-5]. Sulphapyridine 
and sulfamethoxazole were studied 
as representants of sulphonamide 
antibiotics. Humic acids were isolated 
from lignite mined in South Moravia 
(Czech Republic) [1,2,6].

Model humic hydrogel was prepared 
by the precipitation of sodium humate 
by hydrochloric acid, repeated washing 

ang and centrifugation [1,2,6]. Thus, 
the hydrogel is composed only of 
humic acids and water, where the 
content of humic acids corresponds to 
the content of organic matter in high 
quality soils. The method of diffusion 
from the instantaneous planar source 
was applied to hydrogel. It means that 
a little and defined amount of pollutant 
is placed at hydrogel surface and this 
“pulse” then diffuse into hydrogel 
volume. The hydrogel is prepared in the 
form of cylinder, its surface is isolated 
excepting frontal circular area available 
for the diffusion. The diffusion thus 
can be considered as one-dimensional 
which enables to use relatively simple 
mathematical model derived from Fick 
law on the basis of defined initial and 
boundary conditions.

Experimental concentration profiles 
provided data for the calculation of 
diffusion coefficients of sulphonamides 
in the model humic hydrogel. Obtained 
diffusion coefficients were lower in 
comparison with the values valid for the 
diffusion of sulphonamide antibiotics in 
water. The reason is that the hydrogel 
obtained a solid network which can 
be considered as inaccessible for the 
diffusion therefore antibiotics can diffuse 
only in hydrogel pore structure filled 
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by water which resulted in  a decrease 
in accessible frontal  circular area and 
tortuous pathway through the hydrogel. 
Its structure is similar to soil. The main 
reason is the content of humic acid as 
an active substance representing the 
soil organic matter. It is expected that 
pharmaceuticals diffuse through the 
hydrogel and interact with humic acids in 
its structure. The interactions result into 
immobilization of pharmaceuticals. As a 
consequence of this, the concentration 
of free movable antibiotic decreases 
which is the principle of the self-cleaning 
ability of soil.  It is assumed that a local 
equilibrium between free movable 
antibiotic molecules and immobilized 
ones can be attained and this equilibrium 
is shifted to formed complexes. In order 
to confirm this hypothesis, adsorption/
desorption experiments were performed. 

It was confirmed that the leachability of 
antibiotics from formed complexes is 
very low and pharmaceuticals remain 
“locked” in humic structure.
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Humic Acid Accumulation and Carbon Stabilization 
through Cover Crop Incorporation
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Soil organic matter is fundamental 
to soil quality and C sequestration 
in agricultural systems. Anaerobic 
conditions influence the stabilization 
of added organic C by suppressing 
microbial oxidative activity and 
promoting the selective preservation 
of recalcitrant C compounds [1], yet the 
extent to which cover crop incorporation 
promotes humic acid formation and 
stable C accumulation remains unclear. 
This study evaluated whether green 
manure derived from a mixture of barley 
and hairy vetch could enhance humic 
acid accumulation and C stabilization 
compared with conventional mineral 
NPK fertilization. Relative to NPK, green 
manure (GM) increased CO2 and CH4 
emissions, but it also improved soil 
aggregation [2], as shown by a 21.9% 
increase in mean weight diameter. 
GM further increased C concentration 
within aggregates and elevated high-
temperature reactive C in the <0.25 
mm aggregate fraction. These results 
indicate that GM incorporation drove a 
compositional shift in soil organic matter 
toward more humified and recalcitrant 
C forms. Most importantly, both the 
amount of humic acid and its associated 

C content were greater in GM than in 
NPK soil [3]. In conclusion, cover crop 
incorporation promoted humification 
and enhanced soil C stabilization through 
both greater humic acid accumulation 
and improved aggregate formation. 
These findings suggest that legume-
cereal cover crop mixtures represent 
a practical green manure option for 
enhancing humification and aggregate-
mediated C stabilization in paddy soils 
[4].
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Fluorinated Pharmaceuticals and Resistance 
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Natural organic matter (NOM) is major 
impediment to catalytic treatment of 
micropollutants in water, as it competes 
for active metallic sites on the catalyst 
surface and consumes reactive radicals 
generated during the process. To 
overcome this inhibitory effect, catalyst 
must be designed with enhanced 
selectivity toward target compounds 
present at trace concentrations. Herein, 
we adopted molecularly imprinted 
polymer (MIP), synthesized using 
capecitabine as the template molecule, 
as supports for Rh and Pd catalysts to 
achieve selective catalytic reduction 
and oxidation in water, respectively. The 
MIP provides molecular recognition 
sites complementary to capecitabine, 
enabling preferential adsorption of 
the target compound. Non-imprinted 
polymer (NIP) were also synthesized 
in the absence of the template under 
otherwise identical conditions and 
served as controls to evaluate imprinting-
derived selectivity. The resulting Rh/MIP 
and Pd/MIP catalysts exhibited 3.1- to 
4.0-fold higher degradation rates than 
the corresponding Rh/NIP and Pd/NIP 

at an initial capecitabine concentration 
of 27.8 μM, indicating that the template-
imprinted binding sites favorably 
attract capecitabine in proximity to 
the catalytically active Rh and Pd sites 
where surface-bound reductive species 
(e.g., adsorbed hydrogen, Hads) and 
oxidative radicals (e.g., sulfate and 
hydroxyl radical) are generated. This 
selectivity was successfully maintained 
even in the presence NOM; the MIP-
supported Rh and Pd catalysts retained 
higher reactivity relative to their NIP 
counterparts in both reductive and 
oxidative processes. A similar trend 
was also observed in water matrices 
containing NOM and co-existing 
inorganic anions. We believe that these 
results of MIP-supported catalysts 
may serve as a platform for achieving 
selective degradation of target 
contaminants in complex water matrices 
where NOM inhibition is a critical 
limitation. 
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Degree Of Products Derived From Pulp 
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Currently, Brazil is the world‘s largest 
producer and exporter of pulp, with a 
projected production of 29.4 million 
tons in 2025. Approximately 14.2 million 
tons of waste are associated with this 
production, and waste management 
focuses on modern sustainability 
practices in production and on the 
circular economy. This study aimed to 
evaluate the humification process of 
residues from a pulp and paper industry 
in South Brazil as well as the humification 
degree of the resulting composts, over 
time. The waste materials, including 
decomposing biological sludge from 
trenches (LBV), biological sludge from 
biodigesters (LBB), and eucalyptus bark 
compost (CCE), were supplied by the 
waste management company VIDA, 
located in Guaíba, RS, Brazil. Humic 
substances (HS), namely Humic Acids 
(HA) and Fulvic Acids (FA) were extracted 
and quantified [1] over time (12 months 
for LBV and 21 months for CCE) and the 
following proxies were calculated: HS 
proportion (%), humification index (HI): 
AH %/AF %; and HA proportion (HP): 
(AH / SH) x 100. Sludges and compost 
materials, and their purified HS were 

analyzed by elemental analyses, and HA 
and FA were characterized by FTIR and 
TGA. LBV presented a low initial C/N 
ratio (13) which tended to decrease over 
time (10). Humification indicators in LBV 
were relatively high at the beginning of 
decomposition (14% HS, 1.7% HI, 62% 
HP), peaked in the 4th month in the 
trench, and subsequently decreased. The 
LBB sample showed humification degree 
comparable to that of LBV samples, 
suggesting that sludge biodigestion for 
45 days is an alternative for its maturation 
with the aim of using it in the soil. In 
contrast, the composting of CCE for 21 
months was accompanied by a gradual 
decrease in the C/N ratio (83 to 50) and 
a concomitant increase in humification 
proxies: HS from 5 to 25 %; HI from 0.76 
to 1.24; HP from 43 to 55%. In fact, the 
monthly increase of HA and of FA in CEE 
within 21 months was 0.55 % and 0.38 
%, respectively. The chemical–molecular 
characterization of HA from LBV by FTIR 
revealed a reduction in carbohydrate-
like structures and an increase in 
carboxylic groups over time, reflecting 
the degradation of more labile structures 
and the increase in functionalization. For 
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FA little change in chemical composition 
was observed. On the opposite, an 
increase of aromaticity degree for both 
HA and FA of the CEE with time was 
observed, with a monthly rate of 0.19 and 
0.24, respectively. The FA from LBV were 
less thermostable (lower TGI values) 
than the respective HA at the beginning 
of the decomposition, but the portion 
of thermostable structures showed a 
greater complexity than that in the HA. 
At the end of the process (12 months), 
HA and FA tended to present a similar 
thermostability and complexity. For CCE, 
the TGA results were comparatively more 
coherent: FA presented both greater 
thermostability and structural complexity 
than HA until 10 months of composting, 
whereas at the end of the process (21 
months) the behavior was reversed. Our 
results showed that the decomposition of 
biological sludge in trench does not lead 
to a marked increase in the humification 
degree over time as assessed by the 
used proxies. However, its HA and FA 
underwent some structural changes 

along 12 months. On the other hand, 
composting of eucalyptus bark increased 
gradually the humification degree, 
which was followed by an increase of 
aromaticity degree of both HA and 
FA and a loss of N structures. The 
combined use of classical and modern 
techniques demonstrated that traditional 
indexes have limitations in assessing the 
maturation of some types of residues, 
whereas spectroscopic and thermal 
methods proved to be more sensitive to 
the structural transformations of humic 
substances.
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Organic Matter in Soils Heavily Affected by 
Emissions from Magnesite Processing Plants  
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Slovakia has been mining magnesite 
for a long time and is a significant 
processor of magnesite ore, with a 
history dating back to 1923 in Jelšava 
and 1934 in Lubeník. In 1958, the shaft 
processing technology was replaced by 
more efficient rotary furnaces, which 
greatly increased the production of 
Mg-rich alkaline dust in the area. In 
1984, effective filters were installed 
[1], significantly reducing the release of 
alkaline Mg-rich dust, which, according to 
Šály and Minďáš [2], contained 35%–50% 
amorphous MgO and 10%–20% other 
minerals (such as periclase, dolomite, 
and calcite). However, the degradation of 
soil and the environment by alkaline dust 
is long-lasting and leads to decreased 
enzymatic activity of soil microorganisms 
[3] and reduced plant biodiversity [4]. 

The aim of this work was to 
investigate selected chemical soil 
properties, as well as the content and 
quality of organic matter in soil affected 
by alkaline, Mg-rich dust emitted 
from magnesite processing plants in 
Lubeník and Jelšava. Soil properties 
were investigated in 14 composite 
samples collected according to the 
intensity of solid emission deposition, 

which depends considerably on the 
proximity to the Mg-processing plants 
and the direction of the predominant 
winds carrying alkaline emissions. 
Results showed that the highest 
magnesium content (total up to 64.72 
g kg-1, available up to 17.39 g kg-1) 
was found at sampling sites near both 
Mg-processing plants. A higher content 
of total, and especially available, Mg 
caused a significant increase in soil pH 
H2O (up to 9.39) and resulted in a low 
available Ca:Mg ratio, which worsened 
conditions for vegetation growth. This 
led to a significantly lower content of 
both labile soil organic matter (hot water-
soluble carbon, labile organic carbon) 
and stable, humified organic matter 
(humus substances and fulvic acids). In 
contrast, associated calcium promoted 
the formation of humic acids as a highly 
condensed, stable fraction of soil organic 
matter, thus enhancing humus quality, 
as indicated by a significantly increased 
humic to fulvic acids ratio. The results 
showed that the content and quality 
of soil organic matter are significant 
indicators of soil degradation caused by 
alkaline magnesium immissions.
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Microplastic (MP) contains additives, 
including organic matter, that can 
leach into aquatic environments. 
Given the ubiquitous presence of 
MPs, anthropogenic organic matter 
derived from microplastic leachates 
(MPL) may contribute significantly to 
the dissolved organic matter [1]. In 
the present study, polyvinyl chloride 
(PVC) and polyisocyanurate (PIR), two 
common plastic materials with a high 
potential to release harmful leachates, 
were selected. PVC contains additives, 
such as stabilizers, plasticizers, and 
pigments, which can leach into aquatic 
environments and exert toxic effects 
[2]. PIR foams are treated with a mixture 
of compounds, including toxic flame 
retardants such as tris(1-chloro-2-propyl) 
phosphate (TCPP) [3]. However, there 
is currently a lack of literature that 
describes the effects of MPL compared 
to those of MP. Plastic additives are 
considered to cause adverse effects on 
aquatic biota. Possible adverse effects 
on algae the primary producers are of 
particular concern, potentially affecting 
ecosystem functions. Furthermore, 
changes in the composition of natural 
organic matter (NOM) could also affect 

drinking water treatment processes. 
Therefore, the present study aimed 
to investigate the effects of polyvinyl 
chloride (PVC) and polyisocyanurate 
(PIR) leachates on two ecologically 
important freshwater microalgae, 
Chlorella vulgaris and Raphidocelis 
subcapitata. Both species were 
exposed to leachates at concentrations 
corresponding to 1, 2, 5 and 15 g/L of 
PVC or PIR for 14 days. Growth inhibition 
was observed in R. subcapitata exposed 
to the PVC leachate, while the 72 and 
96 h EC50 values were estimated at 7.2 
g/L. No growth inhibition was observed 
in the other treatments. The effects of 
the leachates on chlorophyll a, b, total 
chlorophyll and carotenoids levels were 
determined, as well as the chlorophyll 
a/b and carotenoids/total chlorophyll 
ratios. In both algal species exposed 
to PVC leachate, photopigments 
exhibited patterns of stress response. 
Furthermore, the activity of antioxidant 
enzymes (catalase, superoxide 
dismutase, glutathione S-transferases, 
and glutathione reductase) and 
oxidative stress (lipid peroxidation) were 
significantly affected in algae exposed 
to both PVC and PIR leachates. Based 
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on the integrated biomarker response 
to photosynthesis, C. vulgaris exhibited 
a higher sensitivity of photopigments 
to both leachates than R. subcapitata. 
However, the integrated biomarker 
responses related to enzymatic 
stress response and oxidative stress 
indicated a similar overall oxidative 
and enzymatic stress response in both 
species exposed to the leachates. In 
conclusion, these results broaden our 
understanding of species-specific 
responses to microplastic leachates and 
their potential implications for species 
composition in aquatic environments 
that may consequently alter NOM. We 
acknowledge the difficulties in translating 
laboratory findings to field conditions; 

this study will contribute to a better 
understanding of the impacts of MPL on 
NOM composition.
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Speciation and Seasonal Dynamics of Dissolved 
Germanium, Arsenic, and Antimony in 
Contrasting Czech Freshwater Reservoirs
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Although the elements germanium 
(Ge), arsenic (As), and antimony (Sb) 
play a key role in modern technologies 
such as electronics, photovoltaics, 
and semiconductor devices, and 
are subsequently released into the 
environment, their environmental 
behaviour remains poorly understood. 
In freshwaters, germanium occurs 
mainly as inorganic species (iGe), 
typically exhibiting vertical stratification 
similar to silicon and occurring at 
ng.L-1 concentrations, or as organic 
methylated forms that are apparently 
biologically and chemically inert and 
detectable at sub ng.L-1 levels [1], 
such as monomethylgermanium and 
dimethylgermanium. Toxic arsenic is 
present mainly as inorganic arsenite 
and arsenate, as well as in methylated 
forms. The environmental behaviour 
of antimony is less well understood 
due to its lower abundance in aquatic 
systems. These elements originate 
from natural geochemical processes, 
such as weathering, and anthropogenic 
activities, and their seasonal dynamics 
are controlled by chemical and biological 
factors.

 In this study, two contrasting Czech 
drinking water reservoirs in the Elbe 
River basin were selected to investigate 
the seasonal speciation of dissolved 
elements: the eutrophic Vrchlice reservoir 
located near the town of Kutná Hora  
in a lowland catchment area heavily 
influenced by agriculture, and the 
oligotrophic Souš reservoir located on 
the Černá Desná River in a forested 
mountain catchment in the Jizerské 
Mountains historically affected by acid 
deposition. The speciation of dissolved 
Ge, As, and Sb was monitored monthly 
for one year. Sample collection was 
performed throughout the water column 
at the deepest points of water reservoirs. 
Several physical and hydrochemical 
parameters were analysed. Elemental 
species were determined by hydride 
generation-cryotrapping-inductively 
coupled plasma-tandem mass 
spectrometry (HG-CT-ICP-MS/MS) 
following a previously reported method 
[2]. 

Different behaviour of each 
element and its species in the vertical 
stratification was observed. Methylated 
Ge species maintained constant 
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behaviour in both reservoirs, consistent 
with previous findings from Lake 
Geneva [3]. These organic species are 
not produced by biological activity in 
reservoirs, and their origin remains 
unknown.  
According to iGe, in Vrchlice, 
concentration was influenced throughout 
the year by the diatom life cycle, with  
a decrease in the epilimnion from May 
to September due to incorporation into 
diatom frustules, and an increase in the 
hypolimnion from July to November 
due to cell autolysis. In contrast, no 
such cycle is present in Souš due to 
absence of diatoms. Arsenate is reduced 
to arsenite throughout the vegetative 
season of phytoplankton in the 
epilimnion and subsequently methylated; 
in the hypolimnion, arsenic remains 
in its oxidised form. Indications of 
accumulation of arsenic and germanium 

in the sediment were observed. Vertical 
stratification of antimony is likely affected 
by bacterial activity, with no influence 
from phytoplankton. Methylated forms 
of antimony were detected at very low 
levels.
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Soil Enzymatic Activity as an Indicator of 
Biogeochemical Processes in Different Soil Types

Kateřina Šťastná, Petra Závodská, Martina Klučáková, Zdenka Kozáková

		  Faculty of Chemistry, Brno University of Technology, Purkyňova 464/118, 612 00 Brno, 
xcliskovak@vutbr.cz

Soil enzymatic activity represents 
a sensitive indicator of microbial 
functioning and ongoing biogeochemical 
processes in soil systems. This study 
focuses on the assessment of key 
soil enzymes involved in carbon and 
nitrogen cycling, namely dehydrogenase, 
urease, and β-glucosidase, across three 
contrasting soil types.

The selected enzymes provide 
insight into overall microbial oxidative 
activity (dehydrogenase) [1], nitrogen 
mineralization (urease) [2], and carbon 
turnover (β-glucosidase) [3]. Soil samples 
differing in their physicochemical 
properties were analyzed under 
controlled laboratory conditions to 
evaluate baseline enzymatic activity 
and to identify variations linked to soil 
characteristics.

In addition, enzymatic activity 
is assessed in the presence of the 
pharmaceutical compound sulfapyridine, 
to investigate its impact on soil microbial 
processes. The study aims to evaluate 
how the presence of this antibiotic 
influence enzymatic activity across 
different soil types and to what extent 
soil properties modulate this effect.

This work contributes to a better 
understanding of soil biochemical 
functioning and highlights the importance 

of enzymatic assays as tools for evaluating 
soil quality and ecosystem processes.
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SOM–Contaminant Interactions: Analysis 
of Migration Processes under the Influence 
of Exogenous Organic Matter
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The recirculation of animal by-
products, such as slurry and manure, is 
a cornerstone of nutrient cycling aligned 
with the EU Circular Economy Action Plan 
and the European Green Deal. These 
practices enhance carbon sequestration 
and soil organic matter (SOM) stocks, 
supporting the EU Soil Strategy for 2030. 
However, this application introduces 
risks of transferring anthropogenic 
contaminants, including veterinary 
medicinal products from intensive 
livestock production and pesticides 
accumulated via the food chain.

Understanding the environmental 
fate of these compounds is critical, as 
SOM acts as both a primary fertility 
factor and a predominant sorbent. The 
sorption, desorption, and bioavailability 
of contaminants are strictly governed 
by SOM structure and transformation, 
directly influencing their mobility within 
the soil profile.

The BioTreated project addresses 
these challenges by conducting 
comprehensive analyses of the 
interactions between enriched SOM 
fractions and contaminant dynamics. 
This research is essential for assessing 
the ecotoxicological safety of modern 
agrotechnical practices and ensuring 
compliance with the EU Zero Pollution 
Action Plan. To reflect real-world 
environmental complexity, the study 
utilizes rigorous field experiments 
to precisely determine the impact of 
external variables on the soil system.
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Oxitop-IDS Respirometry as a Tool for Assessing the 
Effects of soil Conditioners on Microbial Activity of Soil 
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Miloslav Pekař1

	 1	 Brno University of Technology, Faculty of Chemistry, Purkyňova 464/118, 612 00, Brno, 
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Soil respiration is a widely used 
indicator of microbial activity and soil 
organic matter dynamics, reflecting both 
intrinsic biochemical processes and the 
effects of external disturbances or soil 
amendments. This contribution presents 
an optimised approach for measuring 
soil respiration using the OxiTop®-IDS 
respirometric system according to DIN 
ISO 16072, with particular emphasis 
on improving experimental sensitivity, 
reproducibility and comparability of the 
obtained data. 

Key incubation parameters, 
including soil moisture, temperature, 
sample mass and incubation time, 
were systematically optimised under 
controlled laboratory conditions. The 
results confirmed that soil respiration 
is strongly dependent on incubation 
conditions, particularly water-holding 
capacity and temperature, highlighting 
the need for strict experimental 
control. The optimised method was 
subsequently applied to evaluate the 
effects of selected soil conditioners and 
microbial amendments on respiration 
kinetics in a model experiment. Tested 
materials included raw, separately 
pre-cultivated bacterial biomass 
suspended in PBS (strain Azotobacter 

vinelandii CCM 289), a representative 
biochar sample (Novoterra, Novocarbo, 
Germany), alginate hydrogels with or 
without biochar and bacterial cells, and 
lyophilised alginate gels with or without 
biochar and incorporated bacterial 
cells. Experiments were performed 
under defined conditions using an 
artificial soil mixture (composed of 
garden substrate, sand and perlite in a 
volume ratio of 1:3:1). Automated carbon 
dioxide monitoring enabled continuous 
quantification of microbial responses 
to organic matter inputs and soil 
amendments. The data were processed 
using the kinetic approach described by 
Kolář et al. [1,2], allowing the calculation 
of parameters characterising the rate and 
extent of organic matter mineralisation, 
including BODmax and the mineralisation 
rate constant k. Significant differences 
in respiration kinetics were observed 
among soils subjected to different soil 
conditioner treatments; the application 
of biochar, alginate hydrogels, soil 
rhizobacteria and their combinations led 
to measurable increases in respiration 
rates, indicating altered microbial activity 
and organic matter turnover.

The results demonstrate that the 
optimised OxiTop®-IDS respirometric 
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method is a suitable tool for assessing 
soil biochemical status and microbial 
functioning in both undisturbed and 
disturbed or degraded soils. Moreover, 
the proposed approach can be further 
correlated with complementary 
methods, such as the Tea Bag 
Index, microcalorimetry and Biolog 
EcoPlate analysis, enabling a more 
comprehensive quantitative evaluation 
of soil biological quality and the effects 
of soil amendments in environmental 
monitoring and soil restoration studies.
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Historical Land Use and Soil Carbon Dynamics 
in a Mediterranean Olive Orchard Under 
Different Agricultural Management Schemes
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Soil loss in olive groves is a 
widespread problem in Mediterranean 
climates. This is particularly critical in 
southern Spain, the world’s leading 
olive oil-producing region. To mitigate 
erosion between olive trees, traditional 
tillage has increasingly been replaced by 
cover cropping. Whereas this practice 
is known to protect the soil structure, its 
effect on soil organic matter (SOM) and 
carbon dynamics remains insufficiently 
understood. This study aimed to 
investigate how long-term management 
practices influence the degradation 
capacity of SOM.

Soil samples were collected from an 
olive orchard under three management 
regimes established since 2009: 
conventional tillage (CT), natural cover 
(MC), and herbicide-based (TL-Herb). 
Given the sloping nature of the field, 
soils were sampled from both the upper 
and lower positions along the slope. 
A 40-day microcosm experiment was 
conducted using these soils, both alone 
and amended with wheat residues 
(13C-enriched and unenriched), to 

investigate carbon turnover and organic 
matter dynamics.

Preliminary results based on CO2 
flux and δ¹³C-CO2 measurements during 
incubation indicate higher respiration 
rates in MC soils and in samples from the 
lower part of the slope. These differences 
became less pronounced over time, likely 
reflecting the depletion of more labile, 
pristine organic matter. Additionally, 
lower δ13C-CO2 values in MC treatments 
suggests a greater contribution of native 
SOC to microbial respiration.

To further interpret these patterns, 
mixed-effects model will be applied to 
quantify fast- and slow-cycling carbon 
pools and the priming effects across 
treatments. In parallel, solid-state 13C 
CP/MAS NMR spectroscopy are used 
to evaluate the impact of long-term 
management on SOM composition. 
Together, these approaches will provide 
insights into the role of cover cropping 
in shaping SOM dynamics and support 
the development of sustainable soil 
management strategies and robust soil 
health indicators.
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Managed Grazing Creates Short-Term 
Carbon and Water-Retention Hotspots in 
Sandy Arenosols of Western Zambia
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Managed grazing and short-term 
livestock concentration are increasingly 
promoted in sub-Saharan Africa as 
low-input strategies for restoring 
soil functionality in coarse-textured 
agroecosystems. Previous work on 
kraals, bomas and manure-enriched 
sandy soils shows that concentrated 
livestock impact can generate localized 
hotspots of carbon, nutrients and 
enhanced soil functioning, although 
responses vary with soil texture and time 
since impact [1–5].

This study evaluated the effects of 
managed grazing (“biofertilization” of 
cropland by cattle overnight herding) 
on hydrophysical and physicochemical 
properties of sandy Arenosols in western 
Zambia, with particular focus on total 
carbon stocks and available water 
capacity. Field sampling was conducted 
in July–August 2024 on 11 farms in 
the wider Zambezi floodplain region, 
where four management situations 
were distinguished: recently impacted 
fields (A), older impacted fields (B), non-
impacted cultivated fields (C), and nearby 
pasture (D). The core statistical analysis 
was based on 93 observations from 

treatments A–D and on farm-level paired 
comparisons of treatment means. 

Recently impacted fields showed the 
strongest response. Relative to non-
impacted cultivated controls, treatment 
A had significantly higher total carbon 
concentration (+91.7%), total carbon 
stock (+62.5%), lower bulk density 
(−10.3%), higher available water capacity 
(+76.7%), and markedly soil organic 
matter (SOM; +161.7%). Similar positive 
trends were observed for total nitrogen 
concentration and total nitrogen stock, 
although these became only marginal 
after multiple-testing correction. 
Correlation analysis further showed 
that SOM and carbon-related variables 
were strongly associated with lower bulk 
density, higher total porosity, and higher 
available water capacity, indicating that 
recent organic matter inputs improved 
both carbon status and the physical 
conditions controlling water storage in 
these sandy soils.

These findings are consistent with 
earlier studies showing that short-term 
cattle corrals and manure additions can 
rapidly increase soil carbon and fertility 
[1,2], while hydrophysical responses 
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in sandy soils are often weaker, 
less persistent, or more dependent 
on organic matter quality than the 
corresponding increases in carbon 
and nutrient status [3–5]. At the same 
time, several caveats emerged from 
the Zambian dataset. Older impacted 
fields (B) were much closer to non-
impacted controls for most key variables, 
suggesting that the strongest benefits 
are short-lived or decline substantially 
with time after impact. In addition, pH did 
not improve consistently; older impacted 
fields were significantly more acidic than 
non-impacted controls. These patterns 
suggest that managed grazing in 
Arenosols should be interpreted primarily 
as a short-term creator of carbon- and 
water-related soil hotspots, rather than 
as a uniformly persistent improvement 
across all physicochemical properties.

Overall, the findings support 
managed grazing as a promising low-
input tool for enhancing carbon storage 
and plant-available water in sandy 
agroecosystems, while highlighting that 

the persistence of these effects and their 
longer-term consequences for soil acidity 
and carbon stabilization require further 
evaluation under repeated cropping 
cycles and longer post-impact intervals 
[1,3–5].
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The intensive use of veterinary 
antibiotics and the increasing 
occurrence of forest fires associated 
with climate change are major pressures 
on volcanic soils in southern Chile, 
where phosphorus (P) is a key limiting 
nutrient. This study evaluated the 
distribution of P chemical fractions, acid 
phosphatase activity, and the influence 
of sulfamethoxazole (SMX) in Andisol 
soils under different vegetation covers: 
mature and secondary lenga forest, post-
fire lenga regeneration, and post-fire 
grasslands.

Soils were physicochemically 
characterized (pH, organic matter, 
Olsen P, mineral N, exchangeable 
cations, exchangeable Al, and CEC). 
Phosphorus fractionation was performed 
by sequential extraction, distinguishing 
inorganic (acidic and basic) and organic 
(humic and fulvic) fractions. Acid 
phosphatase activity was determined 
spectrophotometrically based on 
p-nitrophenol release, in the absence and 
presence of SMX. Statistical analyses 

included hypothesis testing (α = 0.05), 
correlations, and principal component 
analysis (PCA).

Results revealed that vegetation 
cover influences soil physicochemical 
properties, while preserving typical 
Andisol traits such as high organic 
matter content and acidic pH. Organic P 
accounted for a substantial proportion 
of total P, whereas acidic inorganic P 
predominated. Organic P and fulvic 
fractions were positively correlated 
with exchangeable Ca, Mg, and K, and 
negatively correlated with exchangeable 
and extractable Al, highlighting Al-driven 
P immobilization. Acid phosphatase 
activity varied among vegetation 
covers. The presence of SMX did not 
produce significant differences over time 
compared to control conditions.

These findings provide an integrated 
view of P dynamics in volcanic soils 
under contrasting vegetation covers 
and suggest that variability persists 
even within the same cover type, with 
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implications for nutrient cycling under 
changing environmental conditions.
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Its Implications for Radionuclide Migration
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The role of Solid Organic Matter 
(SOM) in the geological disposal of 
high-level radioactive waste (HLW) is 
a critical yet under-researched area. 
In sedimentary formations, SOM 
constitutes a significant fraction of the 
total organic carbon, potentially acting as 
a long-term sink or a secondary source 
for radionuclides through complexation 
and redox reactions. In the context of 
geological disposal in deep sedimentary 
formations, understanding the chemical 
speciation of key long-lived radionuclides 
is essential for constructing reliable 
safety assessment models [1]. However, 
the molecular characterization of SOM 
is frequently impeded by its inherent 
structural complexity and the high 
susceptibility of lipid or plasticizer 
contamination during extraction and 
filtration.

To address these challenges, 
this study investigates sedimentary 
rock samples from the Horonobe 
Underground Research Laboratory 
(URL), focusing on the siliceous 
mudstones of the Wakkanai and Koetoi 
formations. While dissolved organic 

matter (DOM) in groundwater has been 
characterized, the SOM embedded 
within these rocks has primarily been 
studied through bulk analytical methods, 
leaving its molecular-level heterogeneity 
and chemical role in radionuclide 
sequestration largely unexplored. This 
research establishes a robust analytical 
framework to characterize the molecular 
composition and heterogeneity of the 
target SOM. The innovation of this study 
lies in its focus on the immobile organic 
phase, which governs the long-term 
geochemical stability of the repository, 
moving beyond the traditional emphasis 
on mobile organic fractions.

To study the complex SOM in 
these samples, a systematic approach 
was adopted, beginning with 
optimized Soxhlet extraction using 
high-purity methanol to maximize 
recovery while minimizing external 
contamination (Fig. 1). This is followed 
by high-resolution Fourier Transform 
Ion Cyclotron Resonance Mass 
Spectrometry (FT-ICR-MS) to achieve 
molecular-level identification, a technique 
proven effective in deciphering the 
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chemical diversity of organic matter 
[2]. Expected results include the first 
molecular „fingerprint“ of SOM in these 
deep deposits, identifying distinct 
elemental ratios and functional group 
distributions through van Krevelen 
diagrams (Fig 2). These high-resolution 
mass data will serve as a starting 
point for understanding interactions 
with pollutants, as specific oxygen-

containing groups or aromatic structures 
indicate the SOM’s potential for metal 
sequestration. Such molecular insights 
are instrumental in evaluating how 
organic phases govern the facilitated 
transport of contaminants [3], including 
radionuclides [4].
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Substances: Application for Mulching Film
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	 †	 Corresponding author: Hyunsang Shin (hyuns@seoultech.ac.kr)

Polyethylene (PE)-based mulching 
films have improved crop productivity 
but cause persistent soil contamination 
due to microplastic residues. This has 
driven the development of biodegradable 
alternatives with enhanced functionality. 
However, optical functionality in such 
films remains underexplored. Humic 
substances (HS), possessing diverse 
functional groups and conjugated 
structures, exhibit intrinsic light 
absorption properties, and their 
molecular characteristics vary depending 
on precursor materials, enabling 
wavelength-selective optical control.

This study aims to investigate the 
relationship between the structural 
characteristics and optical properties 
of artificial humic substances derived 
from lignin, cellulose, and pectin, and to 
apply them to poly(vinyl alcohol)/sodium 
alginate (PVA/SA)-based biodegradable 
films. Artificial humic acids and fulvic 
acids were characterized using FT-IR, 
UV–Vis spectroscopy, and fluorescence 
excitation–emission matrix (EEM) 
analysis. The resulting films, prepared 
with varying additive contents, were 
evaluated for UV–Vis–NIR transmittance, 
photosynthetically active radiation (PAR) 

transmittance, photothermal conversion, 
and mechanical properties.

The optimal mechanical performance 
was achieved at a PVA/SA ratio of 8:1 
with 4 wt% boric acid and 2 wt% calcium 
chloride. Optical properties varied 
significantly depending on the type of 
humic substances. Lignin-derived humic 
acids, with higher aromaticity, exhibited 
enhanced UV absorption and shading 
performance, whereas cellulose- and 
pectin-derived humic substances 
showed higher visible light transmittance 
and more uniform dispersion. Increasing 
humic content improved light absorption; 
however, above 10 wt%, aggregation led 
to reduced dispersion and mechanical 
strength.

These findings demonstrate that 
the structural features of artificial humic 
substances, including aromaticity and 
functional group composition, govern 
the optical and photothermal behavior of 
the films. Moreover, humic acids primarily 
enhance light shielding and structural 
stability, while fulvic acids improve 
dispersion and mobility, enabling tunable 
functionality.

In conclusion, artificial humic 
substances can serve as structure-
dependent optical functional materials, 
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offering a promising strategy for 
designing biodegradable mulching films 
with wavelength-selective properties for 
crop-specific applications.
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The need for sustainable farming 
calls for innovative strategies to sustain 
production levels while reducing the 
reliance on conventional inorganic 
mineral fertilizers, thus improving 
environmental sustainability and 
safeguarding arable land. One notable 
advancement in this area is the creation 
of biofertilizers that harness plant 
growth-promoting rhizobacteria (PGPR) 
to improve soil health through a range of 
advantageous processes [1]. 

We have introduced an innovative 
concept for producing biofertilizers using 
bacteria Azotobacter vinelandii, focusing 
on its in-situ self-encapsulation within a 
protective gel medium through alginate 
crosslinking during or after bacterial 
cultivation. This technique simplifies the 
preparation process, potentially reducing 
costs and boosting competitiveness for 
scale-up production [2]. Specific bacterial 
strains of A. vinelandii were chosen for 
the development and characterization 
of the bioinoculant. Among these, 
Azotobacter vinelandii CCM 289 
was chosen for its remarkable ability 
to synthesize alginate, its proficient 
gel formation, and its established 
characteristics that promote plant 

growth, which include the production 
of indole-3-acetic acid (IAA), the 
conversion of atmospheric nitrogen 
into ammonia, and the synthesis of 
1-aminocyclopropane-1-carboxylate 
(ACC) deaminase [3]. To validate the 
beneficial impact on plant growth, 
a long-term pot-cultivation study 
was conducted with corn (Zea mays) 
under driven and controlled conditions 
(moisture, temperature, irrigation, 
illumination), utilizing four formulations 
of PGPR carriers, each consisting of 
8 plants. The results indicated that 
these formulations had positive effects, 
particularly under environmental 
stressors such as limited irrigation and 
nutrient shortages caused by low quality 
soil. The freeze-dried gel formulation 
notably enhanced soil microbial diversity, 
improved plant growth under stress 
conditions, and increased plant dry mass. 
These findings underscore the promise 
of alginate-based PGPR formulations in 
promoting sustainable agriculture.
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MSZ 1129:2026: A New Hungarian Standard 
for the Quantitative Determination of Humic 
and Fulvic Acids in Humus-Rich Matrices
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Reliable quantification of humic acid 
and fulvic acid remains a critical analytical 
challenge in the characterization, quality 
control and regulatory assessment of 
humic-substance-containing materials. 
This work presents the Csicsor method, 
recently published as the Hungarian 
national standard MSZ 1129:2026 
and submitted for international 
standardization.

The method was developed for the 
determination of humic and fulvic acid 
fractions in natural humus-bearing 
materials and artificial growing media, 
including peats, sapropelic muds, 
lignites/leonardites, coals, soils, organic 
manures, sewage sludges, composts, 
potting soils, vermicomposts and other 
humic-substance-containing matrices. 
Its practical significance lies in providing 
industrial producers, distributors and 
control laboratories with a relatively 
simple, transparent and reproducible 
analytical procedure for the quantitative 
evaluation of humic materials.

A key feature of the method is 
that it does not only determine the 
free humic and fulvic acid fractions, 
but also enables the quantification of 

extractable humic substances. Free 
humic substances are extracted with 
potassium hydroxide at 60–70 °C, 
followed by acid precipitation of humic 
acid and gravimetric determination of 
the humic and fulvic acid fractions after 
correction for reagent-derived solids. 
The extractable, or total, fractions are 
determined after oxidative alkaline 
extraction using hydrogen peroxide, 
allowing the quantification of humic 
substances that can be mobilized from 
the matrix under controlled oxidative 
extraction conditions. The protocol 
also includes the determination of dry 
matter, moisture, organic matter and ash 
content, and recommends ash correction 
of isolated fractions when inorganic 
components are present in significant 
amounts.

Method performance was evaluated 
in a 2024 interlaboratory study involving 
six laboratories using a leonardite 
sample. Mean values were 3.88% free 
fulvic acid, 71.4% free humic acid, 
5.06% total fulvic acid and 83.4% total 
humic acid. Repeatability coefficients of 
variation were 16.3%, 5.67%, 16.9% and 
3.78%, respectively, while reproducibility 
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coefficients of variation were 40.3%, 
6.45%, 37.3% and 8.94%.

The results indicate particularly 
robust performance for humic-acid-
rich matrices and identify fulvic acid 
determination as the more sensitive 
analytical fraction, especially at lower 
concentrations. By distinguishing 
between free and extractable humic and 
fulvic acid fractions, MSZ 1129:2026 
provides a practical and standardizable 
framework for comparing humic 
materials, supporting industrial quality 
control, product specification and 
harmonized regulatory and scientific 
evaluation of humic substances.
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Managed aquifer recharge (MAR) 
is a widely used method for producing 
drinking water worldwide.¹ In MAR 
systems, surface water is recharged 
into the aquifer by infiltrating it through 
infiltration ponds. During infiltration 
and subsequent percolation through 
the subsurface, natural organic matter 
(NOM), bacteria, and viruses are 
effectively removed.² Infiltration ponds 
are typically operated according to 
seasonal cycles. They are usually brought 
into operation during winter to allow 
the development of a mature biofilm 
before the onset of algae blooms in late 
summer and early autumn. In the initial 
phase of pond maturation, surface water 
infiltrates through a limited area at high 
rates. Once the pond is fully mature, 
water spreads across the entire pond 
surface and infiltration rates decline. This 
study assessed the long-term capacity 
of an infiltration pond to remove NOM 
from surface water. Water samples were 
collected from the incoming surface 
water and at 1 meter depth below the 
pond bottom. Cyanotoxin samples were 
also taken from the surface water and the 
extraction wells.

The results showed an initial NOM 
removal efficiency of 25%, measured as 
UV254 absorbance. After one meter of 
infiltration, the NOM concentration in 
the percolating water closely followed 
the seasonal variation observed in 
the surface water. Removal efficiency 
increased significantly over time, 
demonstrating the positive effect 
of pond maturation. In response to 
several episodes of high bacterial 
loads in the surface water during the 
first year, infiltration to the ponds was 
intermittently halted. Following these 
events, NOM concentrations at one of 
the 1-meter sampling locations increased. 
This temporary deterioration was likely 
caused by repeated drying and rewetting 
cycles, which may have created fissures 
in the filter media, enabling preferential 
flow and rapid transport of water to the 
sampler. Cyanotoxin concentrations in 
the surface water peaked in late June, 
prior to the main seasonal algal bloom. 
However, no cyanotoxins were detected 
in the extraction wells. Overall, the 
results demonstrate the effectiveness 
of properly managed MAR systems in 
treating surface water and producing 
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high-quality groundwater for drinking 
water supply.

References
1.	 Stefan, C., Ansems, N. Sustainable Water 

Resources Management 4(2) (2018) 153–162.

2.	 R. E. Kolehmainen, J. H. Langwaldt, J. A. 

Puhakka, Water Res. 41(2007) 2715–2725.

Acknowledgement
This research was supported as 
part of Blue Transition, an Interreg 
North Sea project co-funded by the 
European Union. The authors thank 
Erika Martinsson for conducting sample 
analyses and the Sydvatten staff at Vomb 
Water Works for their technical support 
and assistance with field equipment 
installation.



BOOK OF ABSTRACTS 

263IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Technologies and Applications

P5.4

Fluorescence-Based Prediction of Fractional 
Carbon Yields during the Preparation of Pectin-
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Citrus peel waste generated 
during fruit processing amounts to 
approximately 10 million tons annually, 
highlighting the need for alternative 
treatment methods beyond conventional 
incineration and landfilling [1]. Yang et 
al. proposed an alkaline hydrothermal 
process to convert biomass into artificial 
humic substances (AHS) [2]. Pectin, an 
acidic polysaccharide abundant in the 
albedo layer (60–70% of citrus peels), is a 
promising precursor for such conversion.

In this study, we investigated the 
yield and fluorescence characteristics 
of pectin-derived artificial humic 
substances and developed fluorescence-
based indices to predict the composition 
of each fraction without separation.

Pectin was subjected to hydrothermal 
synthesis at 210 °C under a solid–liquid 
ratio of 1:10, with varying alkaline 
concentrations (0.05–2.0 M) and reaction 
times (0.5–8 h). The products were 
separated into hydrochar (HC) and an 
alkaline-soluble fraction, which was 
further fractionated into humic acid 
(HA), fulvic acid (FA), and non-humic 
substances (Non) using precipitation 
and resin separation. The yield of each 
fraction was quantified by TOC analysis, 

and fluorescence characteristics were 
analyzed.

Over time, the carbon yields of FA 
and Non decreased, whereas the yield 
of HC increased while HA exhibited 
fluctuating behavior. This suggests 
that each fraction acts as a precursor 
in condensation reactions, following a 
stepwise humification pathway from Non 
to FA, HA, and ultimately HC.

Excitation–emission matrix (EEM) 
fluorescence analysis of the alkaline-
soluble fraction revealed a fluorescence 
region in which the intensity increased 
with increasing HA carbon content within 
the fraction (Excitation: 320–380 nm; 
Emission: 420–500 nm). The HA carbon 
content showed a strong correlation 
with the area-normalized fluorescence 
intensity in this region (R² = 0.811). 

In addition, a region where 
fluorescence intensity increased with 
increasing carbon content of Non was 
identified (Excitation: 200–250 nm; 
Emission: 280–290 nm). The carbon 
content of Non showed a strong 
correlation with the area-normalized 
fluorescence intensity in this region (R² = 
0.895). 
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Using the carbon contents of HA and 
Non predicted from the fluorescence 
indices, the carbon content of FA in 
the alkaline-soluble fraction could also 
be estimated, and the predicted FA 
values showed a strong correlation with 
the measured FA carbon content (R² 
= 0.9016). Consequently, the carbon 
contents of dissolved humic substances 
could be predicted without separation, 
demonstrating the potential for 
estimating carbon yields.

This study represents the first 
attempt to synthesize AHS using pectin, 
and the proposed fluorescence indices 
provide a rapid, non-separative approach 
for monitoring and managing the AHS 
synthesis process. Furthermore, pectin-
derived AHS synthesis expands the 
range of biomass-derived precursors 
and offers a promising strategy for the 
valorization of fruit waste biomass.

References
1.	 Zema, D. A., Calabrò, P. S., Folino, A., Tamburino, 

V. I. N. C. E. N. Z. O., Zappia, G., & Zimbone, S. M. 

(2018). Valorisation of citrus processing waste: 

A review. Waste management, 80, 252-273.

2.	 Yang, F., Tang, C., & Antonietti, M. (2021). 

Natural and artificial humic substances 

to manage minerals, ions, water, and soil 

microorganisms. Chemical Society Reviews, 

50(10), 6221-6239.

Acknowledgement
This research was supported by Basic 
Science Research Program through 
the National Research Foundation of 
Korea (NRF) funded by the Ministry 
of Education (Grants No. NRF-
2020R1A6A1A03042742).
This research was supported by Seoul 
National University of Science and 
Technology.



BOOK OF ABSTRACTS 

265IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Technologies and Applications

P5.5
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Matter? Insights from Three Diverse Drinking 
Water Treatments in the Czech Republic 
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In the present study[1]hence plenty of 
compounds are frequently determined in 
drinking waters, leading to unknown risks 
for human health. Nontarget analysis 
(NTA, nontargeted analysis (NTA) using 
UHPLC-HRMS system was applied to 
raw and treated water samples from 
three different drinking water treatment 
plants (DWTPs) located within the Czech 
Republic. DWTP1 is supplied by a small 
reservoir with algae laden source water, it 
uses granulated activated carbon (GAC) 
filter as an advanced technology and 
applies chlorination as a disinfectant. 
DWTP2 has relatively “clean” water 
source that is supplied by the Nyrsko 
Reservoir from protected landscape 
area, the treatment plan does not use 
any advanced technology and applies 
chlorine dioxide as a disinfection process. 
DWTP3 has humic source water that is 
supplied by Uhlava River, the treatment 
plant uses GAC filter and UV radiation 
as advanced technology and applies 
chlorination as final disinfection. The 
specific aims of this study were to (a) 
compare both the raw and treated water 
qualities between the distinct DWTPs, 
(b) assess the performance of the applied 

treatment process by comparing the NTA 
results for the raw and treated waters at 
DWTPs, (c) tentatively identify specific 
features and compounds based on 
confidence levels[2] and selected criteria. 
As expected, the results of this study 
showed distinct profiles of natural and 
anthropogenic organic matter among 
the studied DWTPs and identified 
differences in the quality of raw and 
treated waters. In total, 4760 features 
were determined. After application 
of background filters, features were 
reduced to 1173 (25%), and after 
following manual data cleaning, a total 
of 829 (17%) features remained. In raw 
and treated drinking waters, the total 
number of features was 716 (86%) and 
301 (36%), respectively. In raw water, the 
highest number of features was present 
in DWTP3 (499), followed by DWTP1 
(272) and DWTP2 (118). By contrast, 
in treated water, the highest number 
of features was present in DWTP1 
(165), followed by DWTP2 (127) and 
DWTP3 (93). The features were also 
assigned to the following categories: 
(i) natural compounds/metabolites; (ii) 
pharmaceuticals and their respective 
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metabolites; (iii) industrial chemicals; (iv) 
pesticides and their metabolites; and 
(v) personal care products (PCPs) and 
others (vi). Natural origin compounds 
were the second highest group in all 
raw water samples. DWTPs were able 
to eliminate most of the natural organic 
matter but not completely. On the other 
hand, the removal of anthropogenic 
organic matter (sum of categories 
ii, iii, iv, v) was less effective, in fact 
due to newly introduced compounds 
(i.e. disinfection by products) their 
percentage was higher in the treated 
water from all DWTPs. In total, we have 
determined 38 (4.5%) features that meet 
confidence level 2. The majority of the 
compounds were of anthropogenic 
origin (87%) and less frequently natural 
organic matter were detected (13%), 
including phytochemicals, biological 
metabolites, and one fatty acid. DWTPs 
are primarily designed to eliminate 
natural organic matter while the removal 
of anthropogenic origin compounds 
including contaminants of emerging 
concern remains limited. Therefore, vast 

variety of compounds are frequently 
determined in drinking waters, leading 
to unknown risks for human health. 
The present study hopes to contribute 
new insights into the characterization 
of natural and anthropogenic organic 
matter throughout the treatment 
of drinking water. Further studies 
should elucidate the interaction of 
anthropogenic and natural organic 
matter on drinking water treatment 
process and the assessment of risks and 
hazards to human health.
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Biochar enriched with beneficial 
microorganisms represents a promising 
strategy for increasing soil organic matter 
pool as well as improving soil fertility and 
biological activity. On the one hand, the 
high carbon content, high porosity, and 
well-developed specific surface area of 
biochar may promote the growth and 
activity of microorganisms [1]. On the 
other hand, the introduction of biochar 
together with microorganisms may affect 
the composition of soil organic matter 
through the modification of humification 
processes, stimulation of microbial 
activity, and transformation of labile 
organic carbon fractions [2]. Therefore, in 
order to properly assess the agronomic 
and environmental benefits resulting 
from the application of microbiologically 
enriched biochar, it is necessary to 
understand its impact on the quantity 
and quality of soil organic matter.

The aim of this study was to 
determine the effect of biochar 
inoculated with the strain Trichoderma 
atroviride G79/11, obtained from the 
collection of the Laboratory of Molecular 
and Environmental Microbiology (IA PAS, 
Lublin, Poland), on extraction efficiency 
and selected optical parameters of 
water-extractable organic matter 

(WEOM). Biochar was produced from 
digestate derived from an agricultural 
biogas plant at pyrolysis temperatures of 
300°C, 450°C, and 600°C. The material 
was then inoculated with spores of 
Trichoderma atroviride G79/11 (5.04 × 
10^8 CFU/g) and introduced into soils at 
concentrations of 0.5%, 1%, 3%, and 5%. 
The amended soils were incubated for 
14 days at 23°C. The WEOM content was 
determined by extracting soil samples 
with ultrapure water for 2 hours. After 
sediment separation, the WEOM was 
dried and weighed. The solutions were 
also analyzed spectrophotometrically to 
evaluate the optical parameters (E4/6, 
E2/3, E2/6) of the isolated organic matter.

The obtained results showed that 
WEOM extraction efficiency generally 
increased with increasing biochar 
dose. Higher extraction efficiency was 
observed for biochar produced at lower 
pyrolysis temperature, suggesting the 
presence of more labile and readily 
available carbon forms that may stimulate 
microbial activity. The greatest changes 
in optical parameters were observed for 
BC300 biochar, whereas BC600 caused 
relatively minor modifications of WEOM. 
The introduction of biochar produced at 
lower pyrolysis temperatures increased 
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the proportion of aliphatic compounds 
characterized by a lower degree of 
humification. These findings suggest that 
microbiologically enriched biochar may 
change soil organic matter properties 
and improve soil fertility, thereby 
contributing to the development of more 
sustainable agricultural systems.
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P5.7

Sustainable Low-Energy Valorization of Plant Residues 
into Humic-Like Compounds with Biostimulant Activity
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The transformation of vegetable 
residues into value-added products is 
a key strategy within circular economy 
frameworks. In this study, humic-like 
substances (HLS) were synthesized 
from a wide range of organic feedstocks, 
including broccoli, thistle, coffee and 
coffee husk, asparagus, orange peel 
and pear, using compost derived as an 
HLS control. The approach combined 
different chemical processes to 
promote the formation of recalcitrant, 
humic-like structures. This HLS fraction 
was obtained by the IHSS extraction 
methodology to be structurally 
characterized and agronomically 
evaluated. [1][2]

The resulting solid products were 
characterized using UV–vis spectroscopy, 
fluorescence analysis, Fourier-transform 
infrared spectroscopy (FTIR) and total 
carbon content to assess the structural 
properties [3] [4], and germination 
index assays were used to study the 
biostimulant effect. Spectroscopic 
analyses revealed clear differences 
depending on the treatment pathway, 
indicating that the chemical nature of the 
precursor fractions strongly influences 
the formation and degree of humification 

of the final materials. In particular, 
variations in aromaticity and molecular 
complexity reflected distinct optical 
signatures associated with humic-like 
structures.

From an agronomic perspective, the 
germination index varied across samples, 
highlighting the influence of both 
feedstock type and hydrolysis conditions 
on phytotoxicity and biostimulant 
potential. Several materials exhibited 
germination responses indicative of 
reduced toxicity and potential plant 
growth-promoting effects.

Overall, this study demonstrates 
that the low consuming energy tested 
reactions constitute a promising route 
for producing humic-like substances 
from diverse organic residues. The 
biostimulant effect of the proved 
wastes depends on both the residué s 
composition and the humification 
degree. In addition, the type of chemical 
treatment strongly influences the 
structural characteristics and agronomic 
performance of the resulting materials 
[1], opening new opportunities for 
the development of sustainable soil 
amendments.
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P5.8
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Activated Carbon from Spent Coffee Grounds 
for Adsorptive Removal of PFAS

Jinsol Hong1, Hyunsang Shin1†

	 1	 Department of Environmental Engineering, Seoul National University of Science & 
Technology, 232 Gongneung-ro, Seoul 01811, South Korea

	 †	 Corresponding author: Hyunsang Shin (hyuns@seoultech.ac.kr)

Per- and polyfluoroalkyl substances 
(PFAS) are characterized by highly stable 
carbon–fluorine (C–F) bonds, which 
render them resistant to environmental 
degradation. As a result, they persist in 
the environment and can induce toxicity 
upon exposure to ecosystems and the 
human body. Among various treatment 
methods, adsorption has been widely 
recognized as one of the most effective 
approaches for PFAS removal, and 
extensive research has been conducted 
on surface modification of activated 
carbon to enhance PFAS adsorption 
capacity.

Hydrothermal carbonization-based 
artificial humification converts waste 
biomass into artificial humin (hydrochar) 
with a uniform carbon structure, making 
it a suitable precursor for activated 
carbon production. Compared to 
pyrolysis-based biochar, this process 
operates at relatively low temperatures 
(around 200°C), resulting in lower energy 
consumption. In addition, it allows the 
direct use of wet biomass without the 
need for drying pretreatment [1].

In this study, spent coffee grounds 
(SCG) were subjected to hydrothermal 
carbonization to produce artificial humin, 

followed by chemical activation using 
KOH to synthesize activated carbon 
with microporous structures for the 
effective removal of perfluorooctanoic 
acid (PFOA), a representative PFAS 
compound. For comparison with SCG, 
major biomass components such as 
lignin and cellulose were also converted 
into artificial humins and activated 
carbons using the same methodology.

The physicochemical properties of 
each synthesized artificial humin and 
activated carbon were characterized 
through elemental analysis, BET surface 
area measurements, and iodine and 
methylene blue adsorption tests. Based 
on these evaluations, the activated 
carbon exhibiting the most superior 
properties was selected for surface 
functionalization. Nitrogen groups 
were introduced via thermal treatment 
using nitrogen-containing compounds 
(e.g., urea) to enhance electrostatic 
interactions with negatively charged 
PFOA, thereby improving adsorption 
performance.

The surface characteristics of the 
nitrogen-doped activated carbon 
were analyzed using BET and XPS. 
Additionally, batch adsorption tests 
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were conducted under both ultrapure 
water conditions and simulated natural 
water conditions (using humic acid) to 
evaluate the PFOA removal efficiency 
and selectivity in comparison with 
commercial activated carbon.

During this process, the solid yield 
was 22.8% when converting spent coffee 
grounds into biochar via conventional 
pyrolysis, whereas hydrothermal 
carbonization resulted in a markedly 
higher yield of up to 67.4%, depending on 
the reaction conditions.

The nitrogen-doped activated 
carbon developed in this study exhibited 
enhanced PFAS adsorption performance 
compared to non-doped activated 
carbons. These findings are expected to 

contribute to the high-value upcycling of 
spent coffee grounds through artificial 
humification and the advancement of 
water treatment technologies.
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P5.9

Influence of Thermal-Catalytic Method Parameters 
on Elemental Composition aAnd Structural Indices of 
Artificial Humic Acids Derived from Oak Sawdust

Patrycja Boguta1, Adrianna Biedrzycka1, Kamil Skic1

	 1	 Institute of Agrophysics, Polish Academy of Sciences, Doświadczalna 4 str., 20-290 Lublin, 
Poland, email: p.boguta@ipan.lublin.pl

Artificial humification has recently 
emerged as a rapidly developing 
field of research [1]. One of the major 
driving forces behind this trend is 
the continuously growing problem 
of organic waste management. The 
current state of biomass processing 
remains unsatisfactory, as management 
practices are still largely based on 
leaving biomass in the field for natural 
decomposition, composting, landfilling, 
or open burning. These approaches 
contribute to greenhouse gas emissions, 
the release of pollution gases, surface 
and groundwater contamination, and 
the spread of pathogens [2]. Another 
important factor stimulating research in 
this area is the extremely long duration 
of natural humification processes. Such 
transformation of organic matter may 
require hundreds to thousands of years, 
depending on environmental conditions 
such as temperature, oxygen availability, 
moisture, and microbial community 
composition [3]. Additionally, natural 
resources rich in humic acids, such 
as leonardite and peat deposits, are 
limited and poorly renewable [4]. Among 
the methods of artificial humification 
investigated to date, torrefaction-based 
approaches appear to be a promising 

alternative for the production of humic-
like acids, also called artificial humic acids 
(AHAs).

The aim of the study was to 
investigate how selected parameters 
of the thermal-catalytic method affect 
the elemental composition and selected 
structural indicators of the produced 
AHAs. Oak sawdust obtained as a waste 
product from wood processing was used 
as the research material. Three different 
particle size fractions were prepared in 
the study: <0.1 mm, 0.1–0.5 mm, and 
0.5–1.0 mm by using laboratory mills and 
sieves with appropriate mesh sizes.

The obtained substrates, 
supplemented with Fe-based catalysts, 
were subjected to torrefaction at 
temperatures ranging from 200 to 
300 °C, followed by oxidation and 
subsequently by extraction, separation, 
and purification procedures typical for 
the isolation of humic substances from 
soils. The resulting AHAs were dried and 
analyzed for elemental composition (C, 
H, N, and S) using a CHN 2400 elemental 
analyzer (Perkin Elmer). All analyses 
were performed in triplicate and the 
results were averaged. The oxygen 
content was calculated according to the 
equation %O = 100% − (%H + %C + %N 
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+ %S). In addition, the H/C, O/C, and C/N 
atomic ratios were determined, as well 
as the degree of internal oxidation using 
Zdanow’s formula: ω = [(2O + 3N) − H]/C. 

Referring to the ranges of elemental 
composition for humic acids of soil 
origin reported by Kononova, these 
compounds typically contain 52–62% 
C, 3–5.5% H, 30–33% O, and 3.5–5.0% 
N. The C content in the analyzed AHAs 
indicated values typical of, or very close 
to, those reported for natural humic 
acids. Similar observations were made for 
H content. The O content may indicate 
a high abundance of O-containing 
functional groups, whereas the lower-
than-typical N content resulted from 
the naturally low concentration of this 
element in the biomass used.

In most of the analyzed variants, 
increasing the torrefaction temperature 
led to a reduction in C, H, and N contents; 
however, the magnitude of these 
changes varied across the investigated 
temperature ranges. Changes in the 
elemental composition consequently 
affected the H/C, O/C, and C/N ratios, as 
well as ω. In the case of the H/C and O/C 

ratios, the most pronounced changes 
related to the degree of humification 
and the abundance of O-containing 
functional groups were observed 
from 240 °C onwards. In contrast, for 
the C/N ratio and ω parameter, some 
variants (temperature/catalyst/particle 
size combinations) exhibited several 
temperature ranges characterized by 
more distinct shifts in the values of these 
indicators.
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P5.10

Influence of NOM on Visible-Light Photocatalytic 
Treatment of Pharmaceutical Contaminants 
in Water Treatment Processes
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This study evaluates the influence 
of natural organic matter (NOM) on 
the performance of a tungsten trioxide 
(WO3)-based visible-light photocatalyst 
for the removal of pharmaceuticals and 
personal care products (PPCPs) in water 
treatment processes. A total of 14 PPCPs 
frequently detected in surface waters 
across South Korea were investigated. 
Under visible-light irradiation, WO3 
achieved up to 99% removal of PPCPs 
in deionized water within 1 h, except 
for iopromide. However, photocatalytic 
degradation was significantly suppressed 
in real water matrices, including influent, 
post-filtration effluent, and post-
activated carbon (post-AC) effluent, 
where the median half-life (t1/2) of PPCPs 
increased by 42-, 35-, and 15-fold, 
respectively.

Mechanistic analysis revealed that 
bicarbonate (HCO3⁻) moderately inhibited 
PPCP degradation, increasing median 
t1/2 by 1.7-fold, whereas other inorganic 
constituents had negligible effects at 
environmentally relevant concentrations. 
In contrast, NOM emerged as the 
dominant inhibitory factor, critically 
governing photocatalytic efficiency. 

Both NOM composition—specifically the 
relative abundance of humic-like versus 
protein-like components—and dissolved 
organic carbon concentrations played 
key roles in determining degradation 
kinetics.

Based on these findings, a 
quantitative performance benchmark 
is proposed for practical application: 
visible-light photocatalytic systems 
must achieve steady-state hydroxyl 
radical (HO•) concentrations on the 
order of 1.2 × 10⁻¹² M (approximately 
180 times higher than those generated 
by WO3 under current conditions) or 
alternatively employ oxidation pathways 
less susceptible to scavenging by NOM 
and bicarbonate while maintaining 
high selectivity toward target PPCPs. 
These results highlight the critical need 
to account for NOM characteristics 
when designing and implementing 
photocatalytic water treatment systems.
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P5.11

Enhanced Nitrosamine Formation in Pre-
Chlorination with Post-Amination Schemes
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Chloramination are widely practiced 
to balance microbial inactivation with 
the control of regulated chlorinated 
disinfection byproducts. In situ 
chloramination is achieved by reacting 
chlorine (as hypochlorite) with ammonia 
at an approximately 1:1 Cl2:NH4+ molar 
ratio to produce monochloramine 
(NH2Cl). In full-scale practice, chlorine 
and ammonia are typically dosed at 
separate locations such that an initial 
free-chlorine (HOCl) contact period 
precedes conversion to NH2Cl. Because 
ammonia is frequently present in 
drinking-water sources, pre-chlorination 
often requires chlorine doses exceeding 
the breakpoint, leaving NCl3 and free 
chlorine coexisting in treated water. 
When ammonia is subsequently added 
for chloramination, the system contains 
a mixture of NCl3 and NH2Cl. Previous 
work has indicated that NCl3–NH2Cl 
interactions can enhance nitrosamine 
formation when precursors are present 
[1], suggesting that sequential pre-
chlorination followed by post-amination 
may promote nitrosamine formation, 
which is however a phenomenon that 
remains poorly understood.

In this study, we systematically 
investigated the NCl3–NH2Cl reaction 

and its role in precursor activation 
and N-nitrosodimethylamine (NDMA) 
formation, using N-chloro-dimethylamine 
(Cl-DMA) as a model precursor. 
Chloramine stock solutions were 
prepared freshly, and experiments 
were conducted in 40-mL glass vials 
with minimum headspace at room 
temperature (25±2 °C). Samples were 
quenched with stoichiometric amount of 
ascorbic acid prior to solvent extraction. 
The solvent extracts were analyzed using 
a GC-MS for NDMA concentrations.

Using Cl-DMA as a model precursor, 
we found that pre-chlorination followed 
by post-amination consistently increased 
NDMA yields, despite pre-chlorination 
or chloramination alone generating 
negligible NDMA. This enhancement 
was attributed to reactions occurring 
when excess ammonia is introduced into 
waters containing residual HOCl and 
accumulated NCl3. Batch experiments 
showed that NCl3 reacts with NH2Cl 
to produce HOCl and N2 as the major 
products, with a second-order rate 
constant of 2.8±0.3 M-1s-1 at pH 7. 
The HOCl generated subsequently 
converts NH2Cl to NHCl2, enabling the 
much faster NHCl2–NCl3 pathway that 
produces nitrosyl-chloride intermediates 



BOOK OF ABSTRACTS 

277IHSS&IWA26 / BRNO / CZECHIA / 23–28 August 2026

Hall A � Poster Session / Technologies and Applications

capable of rapidly nitrosating related 
precursors.

A comprehensive kinetic model 
incorporating HOCl, NH2Cl, NHCl2, 
NCl3, and relevant intermediates was 
developed and successfully reproduced 
time-dependent profiles of oxidants, 
chlorine species, and nitrogenous 
products. Our results reveal that NCl3–
NH2Cl interactions represent a previously 
underappreciated mechanism through 
which pre-chlorination–post-amination 
regimes can elevate NDMA formation, 
with implications for utilities employing 
sequential chlorination–chloramination in 
ammonia-rich waters. 
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P5.12

Interfacial Partitioning of Hydrophobic 
Persistent Contaminants During Electrochemical 
Treatment of Saline Waters
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Persistent organic pollutants 
(POPs) often possess hydrophobic or 
amphiphilic properties that promote 
their attachment to surfaces and 
aggregation in aquatic environments[1]. 
These characteristics can influence 
how effectively contaminants are 
removed during wastewater treatment. 
Electrocoagulation-flotation (ECF) is one 
approach that has attracted attention for 
removing hydrophobic contaminants[2]. 
During electrolysis, metal hydroxide 
flocs and gas bubbles are generated 
simultaneously, and contaminants are 
captured through both coagulation-
driven aggregation and bubble-assisted 
transport[3]. Despite increasing interest 
in electrochemical treatment under saline 
conditions, the transport processes 
that ultimately control contaminant 
partitioning within the reactor remain 
insufficiently understood[4].

In this study, microplastics were 
used as model hydrophobic particulate 
contaminants to examine the processes 
controlling electrochemical separation 
in saline waters. Experiments were 

conducted in artificial seawater covering 
a wide range of salinities (5-34‰) 
using an aluminum-based ECF system 
operated at constant current density. 
Following electrolysis and subsequent 
settling, the reactor consistently 
developed a vertically stratified structure 
with three distinct regions: a surface 
layer enriched in bubble-particle 
aggregates, a clarified intermediate zone 
(bulk solution), and a sedimented layer 
dominated by aluminum hydroxide flocs.

At low salinity, most particles were 
transported to the surface through 
flotation. As ionic strength increased, 
particle transport progressively shifted 
toward the sedimented phase. This 
shift reflects changes in the interactions 
between particles, bubbles, and flocs 
as ionic strength increases. Material 
properties further influenced pathway 
selection, as denser polymers showed 
a stronger association with sedimented 
flocs even under otherwise identical 
treatment conditions.

Overall, the results indicate 
that electrochemical separation of 
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hydrophobic POPs in saline waters 
reflects the movement of particle-bubble 
aggregates within the reactor. The 
relative importance of these pathways 
depends on ionic strength, particle 
density, and the structure of gas-particle 
aggregates formed during electrolysis. 
Resolving these interfacial transport 
processes provides mechanistic 
insight that can inform the design of 
electrochemical separation systems 
for persistent contaminants in saline 
industrial wastewater.
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P5.13

Effect of Processing Temperature on Yield 
and Functional Groups of Artificial Humic-
like Acids Produced from Rye Straw via 
a Torrefaction-Based Method
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Poland, email: k.skic@ipan.lublin.pl

Humic acids constitute one of the 
most valuable components of soil, 
playing a crucial role in the uptake of 
micro- and macronutrients by plants, the 
immobilization of heavy metals, serving 
as an energy source for microorganisms, 
improving water retention, and 
maintaining proper soil aggregate 
structure [1]. In recent years, the rapid 
development of the global economy 
has significantly increased the demand 
for humic substances, including humic 
acids, thereby stimulating the search 
for alternative methods for producing 
their artificial counterparts (humic-like 
substances) [2].

The aim of this study was to 
evaluate the yield and functional group 
composition of artificial humic acids 
(AHAs) obtained through a catalytic-
thermal biomass conversion process. 
Rye straw biomass was purified, dried, 
and ground using a set of laboratory 
mills. The prepared substrate was then 
subjected to torrefaction at temperatures 
ranging from 200 to 300 °C in the 
presence of Fe-based catalysts, followed 
by oxidation, extraction, and fractionation 

procedures commonly used for the 
isolation of humic acids from soils.

Process efficiency was determined 
gravimetrically after drying the obtained 
AHAs in a laboratory oven at 105 °C. 
The qualitative assessment of functional 
groups was carried out based on the 
results of Fourier-transform infrared 
spectroscopy (FTIR). Measurements 
were performed on AHA preparations 
in the form of thin pressed pellets 
containing 1 mg of sample, dried at 
105 °C and homogenized with 200 mg 
of KBr. Spectra were recorded using a 
Tensor 27 FTIR spectrometer (Bruker 
Optics, Germany) in the spectral range 
of 400–4000 cm⁻¹, with a resolution 
of 2 cm⁻¹ and 256 scans. Data were 
processed using OPUS software (Bruker 
Optics, Germany).

The yield of AHA production in the 
catalytic–thermal process depended 
primarily on the temperature of the 
torrefaction process. This parameter 
increased with temperature, but the 
above changes were particularly evident 
at lower temperatures. 

An increase in temperature also 
influenced the functional groups of the 
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final product. Among others, a decrease 
in the intensity of bands attributed to 
aliphatic CH2 and CH3 structures, as 
well as amide linkages and structures 
typical of polysaccharides, was 
observed. The intensity of some bands 
typical of oxygen-containing functional 
groups was also changed; however, 
these observations should be further 
confirmed by additional analyses in order 
to exclude the possible co-contribution of 
other structures to the observed signals.

The obtained results indicate that 
processes based on the catalytic–thermal 
conversion of biomass may represent an 
interesting alternative for the production 
of AHAs. However, for this method to be 
implemented on a larger scale, further 
optimization is required, including 
the appropriate selection of process 
parameters such as temperature, 

catalyst type and dosage, and the 
degree of fragmentation of the starting 
material. Simple and low-cost analytical 
techniques such as FTIR spectroscopy 
may support the qualitative assessment 
of functional groups, chemical structure, 
and the degree of similarity to natural 
humic acids.
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Coffee is one of the most widely 
produced agricultural commodities 
and the second most traded product 
globally. As a result, large amounts of 
coffee waste are generated, a significant 
portion of which consists of spent coffee 
grounds (SCG) [1].

In this study, spent coffee grounds 
(SCG) served as the base material. 
The SCG were first pyrolyzed and 
subsequently activated using potassium 
hydroxide. The prepared material was 
then evaluated for the adsorption of 
perfluorooctanesulfonate (PFOS) [2]. 
PFOS is one of the most frequently 
detected per- and polyfluoroalkyl 
substances (PFAS) in various 
environmental compartments and has 
been associated with plastic pollution. 
PFAS exhibit exceptional chemical 
and thermal stability, which makes 
them highly persistent and resistant to 
degradation [3], [4]. Adsorption onto 
activated carbon is currently the most 
common approach for removing PFAS 
from water.

This study focuses on the adsorption 
of PFOS onto activated SCG in distilled 
water and synthetic raw water spiked 
with algal organic matter (AOM) at DOC 
= 5-10mg/l. The adsorption performance 
was compared with a commonly used 

activated carbon in drinking water 
treatment plants in the Czech Republic, 
Filtrasorb TL830. In addition, the removal 
efficiency of PFOS was evaluated using 
a mixture of activated SCG and Filtrasorb 
TL830.

Activated SCG exhibited lower 
adsorption efficiency compared 
to commercial activated carbon; 
however, the combined system showed 
comparable or slightly improved 
performance, indicating its potential use 
as a sustainable supplementary sorbent.

These findings support the use of 
coffee waste as a sustainable material 
and encourage further investigation in 
real-world applications.
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